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Phenotypic determinants of uncontrolled asthma
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Background: Although uncontrolled asthma remains frequent,
determinants of asthma control are poorly studied.

Objectives: The aim was to estimate the distribution and the
phenotypic characteristics of asthma control in 2 groups of
subjects defined by the use of inhaled corticosteroids (ICS) in
the past 12 months, in the Epidemiological study on the Genetics
and Environment of Asthma, bronchial hyperresponsiveness
and atopy (EGEA).

Methods: Five hundred one adult current patients with asthma
who participated in the follow-up of the EGEA study were
included. Asthma control was assessed from survey questions
reflecting asthma control, as defined in the 2006 Global
Initiative for Asthma guidelines. The factors analyzed were age,
sex, educational level, body mass index, active and passive
smoking, sensitization to aeroallergens, total IgE, rhinitis,
chronic cough/phlegm, and age at asthma onset. Analyses were
stratified according to ICS use.

Results: Uncontrolled asthma was more frequent in ICS users
(27.6%, 35.0%, and 37.4% with controlled, partly-controlled,
and uncontrolled asthma respectively) compared with non-ICS
users (60.0%, 23.9%, and 16.1%, respectively). In ICS users,
chronic cough or phlegm and female sex were independently
and significantly related to uncontrolled asthma. In non-ICS
users, high total IgE and sensitization to molds were associated
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with uncontrolled asthma. Smoking and rhinitis were not
associated with asthma control.

Conclusion: Optimal asthma control remained unachieved in
the majority of patients with asthma in this study. Factors
associated with uncontrolled asthma were different in ICS users
(chronic cough/phlegm, female sex) and non-ICS users (high
total IgE and sensitization to molds). (J Allergy Clin Immunol
EEEN;EEN:ENE-NEN,)
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Achieving and maintaining optimal asthma control is a major
goal of asthma management.l’2 Uncontrolled asthma has major
consequences on morbidity, quality of life, and economic bur-
den.® Several surveys in the general population showed that
many patients with asthma have poorly controlled disease.*”
The updated international guidelines for asthma management
(Global Initiative for Asthma [GINA] 2006) propose a 3-level
classification for asthma control—controlled, partly controlled,
and uncontrolled—on the basis of the clinical features of the pa-
tients (symptoms and lung function), activity limitation,
hospitalization for asthma, and the requirement of short-acting
B,-agonist or oral corticosteroids.' In the European Community
Respiratory Health Survey (ECRHS) IL, only 15% of the subjects
who had used inhaled corticosteroids (ICSs) in the past year had
a controlled disease following the GINA classification.’

A better understanding of asthma control determinants may
help to achieve disease control for a larger part of the population.
However, besides the obvious impact of adequacy and adherence
to the treatment, and poor perception of their own asthma control
by patients,’” the other determinants for asthma control remain
understudied. Rhinitis,® active and passive smoking,”'® and
body mass index (BMD®!'"!* have been suggested to play a
role in asthma control. In the The Gaining Optimal Asthma Con-
troL. (GOAL) clinical trial, optimal asthma control was achieved
less frequently in patients with more severe asthma assessed by
the level of daily treatment before the study.14 In a community-
based study, determinants for asthma control were different ac-
cording to the use of ICS in the past year.®

The aim of this study was to test, in the frame of the EGEA2
study, the follow-up of the Epidemiological study on the Genetics
and Environment of Asthma (EGEA1), a French case-control and
family study on asthma, the 2 following hypotheses: (1) controlled
asthma remained unachieved in the majority of patients with
asthma, and (2) the phenotypic characteristics of uncontrolled
asthma are different between ICS users and non-ICS users.
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Abbreviations used
BMI: Body mass index
ECRHS: European Community Respiratory Health Survey
EGEA: Epidemiological study on the Genetics and Environment
of Asthma, bronchial hyperresponsiveness and atopy
GINA: Global Initiative for Asthma
ICS: Inhaled corticosteroid
OR: Odds ratio

METHODS

Population

This is a cross-sectional study using data from the case control and family-
based EGEAZ2 study, the 12-year follow-up of the EGEA1 study. Protocol and
descriptive characteristics of the EGEA1 study have been previously
published.'>'® Briefly, 2047 subjects were enrolled at baseline, including
388 children (<16 years) and adult patients with asthma from chest clinics,
their 1244 first-degree relatives, and 415 population-based controls. Approx-
imately 10 years later, this population was contacted (EGEA2, step 1). This
self-completed questionnaire was returned by 1921 subjects (92.2% of the
alive cohort + 73 new family members not examined at the first survey or
born later; see this article’s Fig El in the Online Repository at www.jacionli
ne.org). Responders to the self-completed questionnaire were invited for a
complete examination (EGEAZ2, step 2), and detailed information was avail-
able for 1601 subjects (77.1% of the alive cohort + 58 new family members;
see the Online Repository population and protocol section and Figure E1). The
examination included detailed questionnaires, total serum IgE, lung function
tests (spirometry and methacholine challenge test), and skin prick tests to 11
aero-allergens (see the Online Repository population and protocol section).

For the present cross-sectional analysis, the target population included
subjects with current asthma at EGEAZ2 (steps 1 and 2; n = 558). Finally, after
selection of patients with asthma with all data available to assess asthma
control and ICS use in the past 12 months, the population under study was
composed of 501 adults with asthma. This population was not different from
the population of patients with asthma not included (n = 57) regarding the
main personal and sociodemographic characteristics and clinical character-
istics (data not shown).

Written consent was obtained from all participants at both surveys. Ethical
approval to carry out the study was obtained for both surveys from the relevant
committees (Cochin Royal Hospital, Paris, for EGEAl; Necker-Enfants
Malades Hospital, Paris, for EGEA?2).

Definition of current asthma

Subjects reporting to have ever had attacks of shortness of breath at rest
with wheezing in the chest or asthma attacks, and to have respiratory
symptoms in the past 12 months (wheeze, nocturnal chest tightness, attacks
of breathlessness following activity, at rest or at night time, asthma attacks) or
to have used inhaled and/or oral medicines in the previous 12 months because
of breathing problems, were defined as patients with current asthma. This
definition of current asthma has already been used in ECRHS I1.°

Asthma control classification

Four asthma control phenotypes were considered. Firstly, a multidimen-
sional approach was used, in which responses to EGEA2 survey questions
were combined to approximate as closely as possible the control definitions in
the GINA 2006 guidelines, as previously published.® Subjects were defined
with (1) controlled asthma if all the following features were present: no
more than 1 instance per week of trouble breathing (defined by the answer
to, “How often have you had trouble with your breathing because of your
asthma in the past 3 months?”) and no asthma attack in the last 3 months
(defined by the answer to, “How many asthma attacks have you had in the
past 3 months?”), no nocturnal symptoms (woken up because of asthma or
by an attack of shortness of breath) in the last 3 months, use of short-acting
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B,-agonist inhalers <2/wk in the last 3 months, no use of oral corticosteroids
in the past year, FEV; >80% predicted; (2) partly controlled asthma if 1 or 2 of
these features were absent; and (3) uncontrolled asthma if >3 of these features
were absent or if respiratory problems had caused hospital or emergency ad-
missions in the past year or use of oral corticosteroids in the past year or >12
asthma attacks in the past 3 months.

Because the combination of asthma control dimensions in the GINA
guidelines have not been fully validated, 3 one-dimensional aspects of control
were also studied: (1) frequent daytime or nighttime symptoms in the 3
months, defined by trouble breathing <1/wk or >1 nocturnal symptoms in the
past 3 months; (2) exacerbations in the past 12 months defined by hospital or
emergency admission or use of oral corticosteroids in the past year; and (3)
low ventilatory function (FEV; < 80%).

Asthma treatment level classification

On the basis of the 2006 GINA guidelines,] 4 levels of asthma controller
medications were defined among subjects who reported to have used ICS in
the past 12 months: (1) no treatment in the past 3 months, (2) no daily treat-
ment in the past 3 months, (3) daily low/medium asthma treatment (GINA
steps 2 and 3), and (4) daily high asthma treatment (GINA steps 4 and 5;
see the Online Repository level of asthma controller medication section).

Determinants for asthma control considered

Potential determinants were selected from the literature, and with available
data in EGEA2, and included age, sex, educational level (primary, secondary,
university), BMI, active and passive smoking, sensitization to indoor allergens
(cat, Dermatophagoides pteronyssinus, Blattela germanica), sensitization to
outdoor allergens (olive, birch, Parieteria judaica, timothy grass, ragweed
pollen) sensitization to molds (Aspergillus, Cladosporium herbarum, Alter-
naria tenuis), total IgE, rhinitis, chronic cough or phlegm, and age at asthma
onset (see the Online Repository phenotype definition section).

Attitude toward compliance to treatment was assessed by response to the
following question: “If you are prescribed medicines for your breathing, do
you normally take: (1) all the medicine, (2) most of the medicine, (3) some of
the medicine, (4) none of the medicine?” Patients with asthma who gave
answers 2 to 4 were considered as noncompliant as previously defined."”

Analysis strategy

Inhaled corticosteroid use could be considered as a severity marker.® We
hypothesized that determinants for uncontrolled asthma might be different
in ICS users (ICS+) and non-ICS users (ICS-) in the past 12 months. Using
the 3-level asthma control classification, the analysis was conducted sepa-
rately in these 2 populations. For the 1-dimensional aspects of asthma control,
because of the small numbers of asthmatics with uncontrolled asthma in non-
ICS users, the analysis was conducted among ICS users only.

Statistical methods used for the univariate analyses include the x test for the
categorical variables and the ANOVA for continuous variable. Multivariate anal-
ysis were conducted by using the polytomous logistic regression, allowing as-
sessment simultaneously for each factor the risk for patients with uncontrolled
asthma and partly controlled asthma compared with controlled asthma. The cen-
ter was a potential confounder and was included in the multivariate analysis.
There was no colinearity of the predictors (see the Online Repository statistics
section).

RESULTS
Description of the population

Main personal, sociodemographic, and clinical characteristics
of the population with asthma are presented in Table I. The mean
age of the population was 39 years, and half of the subjects were
nonsmokers and not exposed to tobacco smoke at the time of the
survey. Regarding allergic phenotypes, 60.2% reported allergic
rhinitis, 61.3% had total IgE >100 IU/mL, and 80.8% were
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TABLE I. Description of the population
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All ICS+ ICS— P value
n = 501 n = 246 n = 255 (ICS+ vs ICS—)

Sex (% men) 50.9 49.6 52.2 .57
Age (y), mean = SD 39.2 = 164 432 £ 177 354 = 14.0 <.0001
BMI (%)

<20 12.4 10.1 14.5 51

20-25 50.9 51.5 50.4

25-30 24.7 25.7 23.8

>30 12.0 12.7 11.3
Status at inclusion (%)

Cases 50.5 63.8 37.6 <.0001

Relatives 40.9 30.1 51.4

Spouses 1.6 1.6 1.6

Controls 7.0 4.5 9.4
Educational level (%)

Primary 21.8 27.3 16.6 .01

Secondary 28.9 25.6 32.0

University 49.3 47.1 514
Active/passive smoking status (%)

Non smoker and ETS- 54.7 60.6 49.0 .03

Non smoker and ETS + 19.0 16.0 22.0

Current smoker 26.3 23.4 29.0
Age at asthma onset (n) 472 232 240
Age at asthma onset (y), mean = SD 15.2 = 149 17.3 = 16.0 13.1 £ 13.2 .002
Age at asthma onset (%)

<4y 31.1 31.3 31.0 .0047

4-16 y 34.5 28.3 41.0

>16y 34.3 40.4 28.0
Chronic cough or phlegm (%) 16.1 19.7 12.6 .03
Rhinitis (%) 60.2 62.5 57.9 .30
FEV; % predicted, mean = SD 949 + 18.9 89.2 = 21.3 100.4 = 14.1 <.0001
Total IgE >100 IU/mL (%) 61.3 62.4 60.2 .63
Sensitization to any allergens (%) 80.8 79.4 82.2 45
Sensitization to indoor allergen (%) 65.8 67.3 64.3 Sl
Sensitization to outdoor allergen (%) 57.2 54.7 59.6 .30
Sensitization to molds (%) 23.2 26.5 20.0 .10

ICS+, Report of ICS use in the past year; /CS—, report of non-ICS use in the past year.

sensitized to any of the 11 allergens. Chronic cough or phlegm
was reported by 16% of the subjects. Patients with asthma treated
with ICS in the past 12 months were significantly older, were
more often recruited as asthmatic cases at inclusion, were more
often nonsmokers and not exposed to passive smoking, and
more often reported chronic cough or phlegm than subjects who
did not use ICS in the past 12 months.

Distribution of asthma control

The distribution of the 3-level asthma control classification and
each of the 1-dimensional criteria of asthma control are presented
according to ICS use in Table II. For each of the 1-dimensional
aspects of asthma control, ICS users systematically presented un-
controlled asthma more often (Table II). Regarding the 3-level
composite asthma control classification, only one fourth of the
ICS users had controlled asthma, compared with 60% of non-
ICS users. Inversely, the frequency of uncontrolled asthma was
2-fold higher in ICS users than non-ICS users.

Asthma control and level of treatment

Among patients with asthma who reported having used ICS in
the past 12 months, the level of asthma treatment of the past 3
months was studied in relation to the level of asthma control.

Among the patients with asthma with controlled asthma, 23.9%
had used a daily high treatment level in the past 3 months,
compared with 39.8% and 51.2% among the patients with partly
controlled asthma and uncontrolled asthma, respectively (the P
value assessed by the x° test was <.0001; Fig 1). The level of
treatment in the past 3 months was inversely related with the level
of asthma control.

Determinants of the lack of asthma control

Each of the personal and phenotypic characteristics was
studied in relation to the 3-level asthma control composite
classification. These univariate analyses conducted in ICS users
showed that only chronic cough or phlegm was related to a greater
risk for partly controlled and uncontrolled asthma (P = .02) com-
pared with controlled subjects (Table III); all the other criteria
studied were not significantly associated with the level of asthma
control. In non-ICS users, high total IgE level and sensitization to
indoor and to outdoor allergens were significantly associated with
the lack of asthma control (P values were .01, .01, and .005,
respectively).

In the multivariate analysis in ICS users, female sex and
chronic cough or phlegm were associated with a greater risk for
partly controlled and uncontrolled asthma compared with con-
trolled asthma, although significant results were observed only
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TABLE Il. Description of the 1-dimensional asthma control criteria and the 3-level asthma control level according to the use of ICS in the

past year
All ICS+ ICS— P value
n = 501 n = 246 n = 255 ICS+ vs ICS—
One-dimensional asthma control aspects (%)
Symptoms in the past 3 mo 37.5 47.6 27.8 <.0001
Exacerbations in the past 12 mo 16.8 24.5 9.4 <.0001
FEV, <80% predicted 17.2 28.8 6.1 <.0001
Three-level asthma control (GINA 2006) (%)
Controlled 44.1 27.6 60.0 <.0001
Partly controlled 29.3 35.0 23.9
Uncontrolled 26.6 374 16.1
100% -
90% + m GINA step 4-5: Oral corticosteroids or
80% | medium/high-dose ICS associated
with long-acting 8, -agonist
70% -
60% - o GINA step 2-3: Low-dose ICS (only or
in association) or medium/high-dose
50% - ICS not associated with long-acting
PB2-agonist
40% -
30% - O GINA step 1: No daily ICS treatment
20% -|
10% -
O No treatment
0% : ' !
Controlled  Partly controlled Uncontrolled
(n=67) (n=83) (n=84)

FIG 1. Level of asthma treatment in the past 3 months following the GINA 2006 guidelines according to

asthma control among ICS users in the past year.

with uncontrolled asthma (Fig 2). The risk for uncontrolled
asthma was 4-fold greater among patients with asthma who re-
ported chronic cough or phlegm (P = .01). Also, high BMI
(>25 kg/mz) and high total IgE increased the risk for partly con-
trolled and uncontrolled asthma. However, although the odds ra-
tios (ORs) were greater than 2 for partly controlled asthma, the
associations were only borderline significant (P = .06). In the
multivariate analysis conducted in non-ICS users, high total IgE
was related to an increased risk for partly controlled and uncon-
trolled asthma with ORs of 3, but the association with partly con-
trolled asthma was borderline significant (P = .06; Fig 2).
Sensitization to molds was significantly associated with an
increased risk for uncontrolled asthma, with an OR greater than
3 (OR, 3.15;95% CI, 1.02-9.78; P = .047), but not for partly con-
trolled asthma. Smoking status and rhinitis were not related to
asthma control in both ICS users and non-ICS users.

Among patients with asthma treated by ICS, reported attitude
toward compliance to the treatment was not associated with the
control of the disease (37.3%, 29.3%, and 38.4% among patients
with controlled, partly controlled, and uncontrolled asthma were
noncompliant, respectively). A further adjustment on this variable
did not change the conclusion of the multivariate analyses
conducted in ICS users.

Multivariate analyses were also conducted for each of the 1-
dimensional aspects of asthma control in ICS users and show that
independent factors associated with these 3 criteria of asthma
control were different (see this article’s Table E1 in the Online

Repository at www.jacionline.org). A lower age, rhinitis, and sen-
sitization to outdoor allergens were associated with a lower risk
for a FEV| <80% predicted. Men were at a lower risk for severe
exacerbation than women (association borderline significant), but
none of the phenotypic factors were associated with the exacerba-
tions dimension. Female sex, BMI >25 kg/m2, and chronic cough
or phlegm were independently associated with higher asthma
symptom frequency in the past 3 months.

DISCUSSION

Less than half (44%) of this population of patients with asthma
participating in the phase 2 of the EGEA study had a controlled
asthma, on the basis of characteristics of asthma control as defined
in the current GINA guidelines. The proportion of controlled
asthma was lower in ICS users, in whom only one fourth of the
asthmatics had a controlled asthma. The determinants for uncon-
trolled asthma were different in ICS users and non-ICS users. In
ICS users, chronic cough or phlegm and female sex were
independently related to uncontrolled asthma. Associations bor-
derline to the significant level were also observed between the
lack of asthma control and high BMI and high total IgE in ICS
users. In non-ICS users, high total IgE and sensitization to molds
were associated with uncontrolled asthma.

The analysis was conducted on a well characterized and large
population of patients with current asthma, with detailed pheno-
typic data that allow to assess all asthma characteristics, except
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TABLE Ill. Association between asthma control and sociodemographic and clinical characteristics, according to ICS use in the past 12

months
ICS+ (n = 246) ICS- (n = 255)
Partly Partly
Controlled controlled Uncontrolled P Controlled controlled Uncontrolled P
(n = 68) (n = 86) (n = 92) value (n = 153) (n = 61) (n = 41) value
Sex (% men) 52.9 55.8 41.3 12 53.6 54.1 439 Sl
Age (y), mean = SD 398 £ 174 440 =* 186 451 =170 .16 353+ 144 362 *£13.6 347 =135 .85
BMI >25 kg/m* (%) 30.9 42.2 40.7 31 34.6 32.2 41.7 .63
Educational level (%): primary 22.1 31.3 27.6 .64 18.3 11.7 17.5 31
Secondary 26.5 21.7 28.7 333 25.0 37.5
University 51.5 47.0 43.7 48.4 63.3 45.0
Smoking (%): nonsmoker and ETS— 58.8 60.0 62.6 78 50.3 52.5 39.0 21
Nonsmoker and ETS+ 19.1 17.6 12.1 18.3 27.9 26.8
Current smoker 22.1 22.3 25.3 31.4 19.7 34.1
Age at asthma onset (y), 152+ 156 170 £159 192 £ 165 .30 132 +129 13.6 £ 137 11.7 £ 142 78
mean = SD
Rhinitis (%) 64.2 56.1 67.0 31 52.6 65.0 67.5 11
Chronic cough or phlegm (%) 11.8 16.7 28.3 .02 11.1 14.7 15.0 .68
Total IgE >100 IU/mL (%) 56.1 66.3 63.5 43 52.6 71.2 73.7 .01
Sensitization to indoor 67.7 65.8 68.3 94 57.2 75.9 77.4 .01
allergens (%)
Sensitization to outdoor 64.6 50.6 50.6 .16 53.8 66.7 74.2 .05
allergens (%)
Sensitization to molds (%) 323 30.4 17.7 .09 19.3 16.7 29.0 37
Boldface indicates P value < .05.
¢ partly conwolled vs controlled ™ uncontwrolled vs controlled
P=01
P=.06
10 ok P=.047
P=.06 P=.06
= 5
.
a
3 P=02 P=.06 P=08
L |
T Cough Sensitizati
0,1 - Sex BMI g}?ﬁg‘n IgE if:lfilszmon 10 Sex BMI pl?l‘égln IgE t: Itl:olfias *
InICS users In non-ICS users

FIG 2. Adjusted risks between asthma control and sociodemographic and clinical characteristics, according
to ICS use in the past 12 months. OR estimated by multivariate logistic regression with further adjustement
on age, educational level, smoking, age at asthma onset, rhinitis, sensitization to indoor allergens,
sensitization to outdoor allergens, and center. None of these factors were significantly related to asthma
control in ICS users or non-ICS users in the mulitvariate models.

activity limitations, used in the GINA guidelines to assess asthma
control. Although this asthma control classification has not been
fully validated, it is expected to be widely used in clinical practice
to guide treatment; moreover, this multidimensional approach,
with more than 1 parameter, should provide a more comprehen-
sive picture of the disease status.'® Nevertheless, the analysis has
also been conducted separately for different asthma control di-
mensions. Because of the ascertainment mode of the EGEA pop-
ulation, the asthmatic sample was large enough to study around
500 patients with current asthma. The analysis was conducted
taking into account simultaneously a large number of potential
determinants of asthma control. However, other potential deter-
minants, such as psychological factors or level of exposure to

aeroallergens, were not assessed in the EGEA study. The attitude
toward treatment adherence was reported by the subjects them-
selves and thus may be underreported. However, these questions
have been used previously in population studies, and reported
poor compliance has been shown to be associated with increased
emergency health care use.'”

The analysis was separately conducted in ICS users and non-
ICS users because it is expected that in such a population, ICS use
may be considered as a proxy for asthma severity. This approach
has already been used.® In accordance with this hypothesis,
asthma was controlled in less than one third of the ICS users com-
pared with 60% of non-ICS users. In line with recent analyses in a
representative general population sample of patients with asthma,
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this article underlines the high prevalence of uncontrolled asthma,
specifically in patients for whom ICS have been prescribed. In a
European community-based sample, ECRHS II, using an identi-
cal approach to assess asthma control, 15%, 36%, and 49% of
the ICS users had controlled, partly controlled, and uncontrolled
asthma, respectively.® In a US representative sample of 1823 pa-
tients with moderate to severe asthma using standard asthma med-
ication, controlled asthma, assessed with an Asthma Control Test
score between 20 and 25, was achieved in less than half of the pa-
tients with asthma (45%)."” In the current analysis, among ICS
users in the past 12 months, half of the subjects with uncontrolled
asthma had a high daily asthma treatment level in the past 3
months (GINA treatment step 4 or 5) compared with only one
third in the ECRHS study,® suggesting that the EGEA population
with asthma has more severe disease than the ECRHS population
with asthma. The reproducibility of the factors related to poor
asthma control in ECRHS, using the EGEA data, provides com-
plementary results in the field.

In the EGEA2 population, the multivariate analysis shows a
trend for overweight patients being at an increased risk for partly
controlled asthma among ICS users (OR, 2.29; 95% CI, 0.97-
5.40). High BMI was significantly associated with the symptoms
dimension. Interestingly, in ECRHS II, the BMI-asthma control
association was also restricted to ICS users.® There is growing
evidence for a role of obesity in asthma control and asthma
severity.“’lz’zo'22 The mechanisms of this association are not
yet understood, but it may be explained in part by decreased re-
sponses to ICS in overweight patients.>** This might explain
why the association of high BMI with uncontrolled asthma was
restricted to ICS users in EGEA and ECRHS.

Similarly to another French study,”’ our results indicate that
women with asthma are at increased risk for uncontrolled asthma
compared with men, using the 3-level composite classification,
the exacerbation and symptoms dimensions. This association
has not been reported in ECRHS.

In ICS users, chronic cough or phlegm was significantly
associated with a greater risk for uncontrolled asthma, indepen-
dently of smoking. The association follows a dose-effect rela-
tionship, with ORs for partly controlled asthma (OR, 1.9;
nonsignificant) being intermediate between controlled (refer-
ence) and uncontrolled asthma (OR, 4.3). Chronic cough or
phlegm was not associated with asthma control in non-ICS users;
however, the ORs were greater than 1.5. Chronic cough or phlegm
was significantly related to the symptoms dimension but not to the
ventilatory function and exacerbation dimension. In ECRHS,
chronic cough and phlegm were associated with asthma control,
and persistent cough and mucus hypersecretion were strong prog-
nostic factors for moderate/severe asthma.®* Chronic cough or
phlegm are more widely defined as chronic obstructive pulmo-
nary disease—like symptoms than asthmalike symptoms and are
not explicitly included in the GINA guidelines. We recently
showed that nonsmoking patients with asthma with chronic
phlegm exhibit a neutrophilic inflammatory pattern.26 Our results
showing a high level of association with uncontrolled asthma and
an association restricted to the symptoms dimension suggest that
chronic cough or phlegm may be considered asthma symptoms
when assessing asthma control.

In the current analysis, high total IgE was significantly
associated with the lack of asthma control in non-ICS users,
with ORs of 3 for partly controlled and uncontrolled asthma
compared with controlled asthma. A similar trend was observed
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in ICS users, but the association was only borderline significant
for partly controlled asthma. High total IgE has already been
reported to be associated with poor asthma control in nontreated
patients with asthma in ECRHS IL° with lower lung function
baseline and more severe asthma,27 and with persistent moder-
ate/severe asthma in the follow-up of the ECRHS study.” Inter-
estingly, an anti-IgE treatment, omalizumab, has recently
become available in clinical practice and has been shown to be
efficacious in patients with moderate-to-severe persistent allergic
(IgE-mediated) asthma inadequately controlled despite treatment
with high-dose ICSs.?®

Sensitization to indoor and outdoor allergens was not associ-
ated with the 3-level asthma control classification in the EGEA2
study. Exposure to indoor allergens has been reported to increase
asthma morbidity in sensitized children with asthma.?**° This
association has been less studied in adults, and studies have
produced conflicting results.?!*2 Conflicting results may be
explained by the different phenotypes used. Although sensitiza-
tion to outdoor allergens was not associated with the current level
of symptoms and the exacerbation in the past year, it was associ-
ated with a lower risk for a FEV; <80% predicted, which is con-
sistent with previous results showing that more allergic asthma is
less severe.”” In contrast, sensitization to molds was associated
with a greater risk for uncontrolled asthma in patients with asthma
not treated with ICS, although no relationship was observed for
partly controlled asthma. In adults, sensitization to molds was re-
lated to asthma severity and control in ECRHS.®** Furthermore,
there is current evidence to support an association between fungal
sensitization and asthma severity.35 Compared with other aller-
gens, fungi are living micro-organisms with the ability to trigger
host defenses against pathogens and produce nonallergen toxins
and enzymes that play an accessory role in triggering allergy.35
Possibly, the size of fungal spores allows them to reach the lower
airways.

Previous articles have shown that smoking was related to poor
asthma control,”*' which may partly be explained by the im-
paired therapeutic response to corticosteroids in smokers.*®
Smoking was not associated with asthma control in this analysis.
Nevertheless, the ORs associated with current smoking in ICS
users were greater than 1 for both partly controlled and uncon-
trolled asthma compared with controlled asthma (ORs were 1.7
and 1.3, respectively). Rhinitis has been shown to be associated
with the lack of asthma control.®*” This association was not sig-
nificant with the multidimensional asthma control classification,
and heterogeneous results were observed for the 1-dimensional
aspects.

In conclusion, optimal asthma control remained unachieved for
the majority of patients with asthma in this study, and particularly
among ICS users, despite that 39% of the patients with asthma
were treated with a daily high treatment level. Our results
underline the association of chronic cough or phlegm with
uncontrolled asthma. A better knowledge of the determinants of
uncontrolled asthma may help in the identification of patients at
increased risk for uncontrolled asthma.
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various aspects of the examinations involved: interviewers; technicians for
lung function testing, skin prick tests, and IgE determinations; coders; those
involved in quality control and data and sample management; and all those
who supervised the study in all centers. We are indebted to all the individuals
who participated, without whom the study would not have been possible.
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Clinical implications: A better knowledge of the phenotypic

characteristics of uncontrolled asthma should help in the iden-
tification of patients at increased risk for uncontrolled asthma.
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METHODS

Population and protocol

The EGEA combines a case-control and family study of adult and
childhood asthma (http://ifr69.vjf.inserm.fr/~egeanet/). The first EGEA
survey (EGEA1) was conducted from 1991 to 1995, and the protocol and de-
scriptive characteristics have been described elsewhere.®'"F? Briefly, 388
asthmatic cases, recruited in 5 chest clinics, 1244 first-degree relatives of
cases, and 415 population-based controls were recruited (total, n = 2047).
A 12-year follow-up of this population was conducted from 2003 to 2007
(EGEA2) in 5 centers in France (Grenoble, Paris, Lyon, Marseille, Montpel-
lier). Subjects were contacted by postal questionnaire, and non-reponders
were further contacted by telephone (step 1). Among the alive cohort
(n = 2002), 92% (n = 1845) completed the short self-questionnaire.
Responders were invited to participate in the second phase of the study
(step 2). The complete examination was mostly performed in clinical centers
(n = 1316; 85.3%). However, to improve the follow-up rate, some subjects
were examined at home (n = 72; 4.7%) or answered questionnaires by
phone (n = 78; 5.0%) or mail (n = 77; 5.0%). Finally, 77% of the alive cohort
(n = 1543) completed at least a detailed questionnaire. In addition, 58 new
family members where included in the study at the second survey. Written
consent was obtained from all participants at both surveys. Ethical approval
to carry out the study was obtained for both surveys from the relevant com-
mittees (Cochin Royal Hospital, Paris, for EGEAI, and Necker-Enfants
Malades Hospital, Paris, for EGEA?2).

Examination procedures included a detailed questionnaire, with ques-
tions on asthma and respiratory symptoms, treatment, allergic rhinitis,
active smoking, and exposure to environmental tobacco smoke. Subjects
had blood samples that allowed to measure total IgE in a centralized
laboratory (n = 1421; 88.8%). Spirometry was performed by using a
standardized protocol with similar equipment across centers according to
the American Thoracic Society / European Respiratory Society guidelines™
to measure FEV; (n = 1414; 88.3%). Skin prick tests to 11 aeroallergens
(cat, Dermatophagoides pteronyssinus, Blattela germanica, olive, birch, Pa-
rieteria judaica, timothy grass, ragweed pollen, Aspergillus, Cladosporium
herbarum, Alternaria tenuis) were performed in 1326 subjects (82.8%).
Sensitization was defined by the presence of at least 1 positive skin test
(mean wheal diameter >3 mm).

Strong efforts were made to standardize all the examination procedures
across centers and to minimize missing data. A quality management approach
was followed for the implementation of the EGEA2 data collection,
and an International Organization for Standardization (ISO) 9001:2000 certi-
fication was obtained (http://www.afaq.org/certification=262711141114).F*

Phenotype definitions

Chronic cough was defined by a positive answer to the question, “Do you
usually cough during the day, or at night, in the winter, on most days for as
much as 3 months each year?” Chronic phlegm was defined by a positive
answer to the question, “Do you usually bring up any phlegm from your chest
during the day, or at night, in the winter, on most days for as much as 3 months
each year?”

Inhaled corticosteroid use was defined by a positive answer to the question,
“Have you used inhaled corticosteroids to help your breathing at any time in
the past year?” with an exhaustive list of medications available in France at the
time of the study.

Hospitalization and emergency visits for asthma in the past year were
defined by a positive answer to the questions, “Have you visited a hospital
casualty department or emergency room because of breathing problems in the
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last 12 months?” and “Have you spent a night in hospital because of breathing
problems in the last 12 months?

Rhinitis was defined by the report of allergic rhinitis or hay fever associated
with sneezing problems or a runny or blocked nose in the past 12 months.

Level of asthma controller treatment

According to the average daily dose of ICSs and other asthma treatments
during the last 3 months, the current treatment was classified for each subject
following the GINA 2006 guidelines®:

e Step 5: Oral corticosteroids (daily)

e Step 4: Medium-dose/high-dose ICS (beclomethasone dipropionate
[BDP] >500 mg or an equipotent dose of other ICS) plus long-acting
B2-agonist (daily)

o Step 3: Low-dose ICS (<500 mg BDP or equivalent) plus long-acting
[32-agonist (daily) or plus methylxanthines (daily) or plus leukotriene
modifiers (daily) or medium-dose/high-dose ICS (>500 mg BDP or
equivalent; daily)

o Step 2: Low-dose ICS (<500 mg BDP or equivalent; daily) or oral meth-
ylxanthines (daily) or cromones (daily) or leukotriene modifiers (daily)

e Step 1: no daily treatment in the past 3 months

e Step 0: no treatment in the past 3 months

The equipotent doses of other ICSs (budesonide and fluticasone) were the
ones reported in the GINA guidelines.

Statistics

The multicolinearity of the predictors has been assessed in estimating the
tolerance in the equivalent model by using a linear regression (option TOL VIF
in the proc REG in the SAS 9.1 statistical software; SAS Institute, Cary, NC).
The tolerance is computing by regressing each variable on all the other explan-
atory variables, calculating the R2 and then subtracting that from 1. Low tol-
erance corresponds to high multi colinearity, and although there is not strict
cutoff, a cutoff of 0.40 has been proposed. Using this method, none of the tol-
erance statistics observed was below 0.48, suggesting that there was no colin-
earity of the predictors. To assess to what degree the potential colinearity
between the allergic predictors would have affected the results, we conducted
stepwise regression model for the inclusion of the 4 allergy-related variables in
the rest of the model. The model obtained by stepwise regression model and
the full model presented in the article have the same results.

All analyses were performed by using the SAS 9.1 statistical software.
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FIG E1. Flow chart of the EGEA population.
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TABLE E1. Adjusted risk between personal and phenotypic characteristics and asthma control for each of the 3 one-dimensional
aspects of asthma control among ICS users in the past 12 months

FEV, <80% predicted Severe exacerbation, Symptoms frequency,
(n = 208) last 12 mo (n = 208) last 3 mo (n = 209)
OR (95% CI) P value OR (95% ClI) P value OR (95% CI) P value
Sex (men vs women) 1.66 (0.79-3.49) 18 0.48 (0.23-1.01) .05 0.30 (0.15-0.59) 0005
Age (5 y increased) 1.21 (1.05-1.39) .006 1.00 (0.87-1.14) 96 0.98 (0.86-1.11) 71
BMI (>25 kg/m? vs <25 kg/m?) 0.91 (0.42-1.98) .82 1.13 (0.51-2.48) .76 2.52 (1.21-5.26) 01
Educational level University 1.0 .09 1.0 71 1.0 37
Primary 2.60 (1.07-6.30) 1.27 (0.51-3.12) 1.67 (0.72-3.91)
Secondary 1.92 (0.78-4.74) 0.84 (0.35-2.00) 0.90 (0.42-1.93)
Smoking: Nonsmoker and 1.0 .83 1.0 24 1.0 .67
ETS-Nonsmoker and 0.98 (0.35-2.72) 0.57 (0.20-1.62) 0.68 (0.28-1.68)
ETS+Current smoker 1.33 (0.50-3.53) 0.46 (0.17-1.25) 1.03 (0.44-2.43)
Age at asthma 0.99 (0.96-1.02) .56 1.00 (0.97-1.03) 90 1.00 (0.97-1.03) 94
onset (1 y increase)
Rhinitis (yes vs no) 0.41 (0.20-0.85) .02 1.66 (0.75-3.66) 21 1.33 (0.68-2.62) 40
Chronic cough or phlegm (yes vs no) 1.49 (0.61-3.69) .38 1.52 (0.59-3.89) .38 4.22 (1.70-10.45) .002
Total IgE (>100 IU/mL vs <100 IU/mL) 1.92 (0.85-4.30) 11 1.03 (0.47-2.25) 94 1.14 (0.56-2.32) 72
Sensitization to indoor 1.63 (0.69-3.83) .26 1.68 (0.66-4.27) 28 1.56 (0.69-3.54) 29
allergens (yes vs no)
Sensitization to outdoor 0.42 (0.19-0.94) .04 0.88 (0.38-2.03) 17 1.32 (0.62-2.83) 47
allergens (yes vs no)
Sensitization to molds (yes vs no) 0.83 (0.35-1.95) .66 0.48 (0.19-1.21) 12 0.82 (0.39-1.73) .60

ORs were also adjusted on center. Boldface indicates P value < .05.
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