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Multi-symptom asthma as an indication of
disease severity in epidemiology

L. Ekerljung*, A. Bossios*, J. Lotvall*, A-C. Olin*, E. Ronmark’, G. Wennergren®,

K. Torén® and B. Lundback*"’

ABSTRACT:

Epidemiological questionnaires have failed to identify individuals with severe

asthma. The extent of symptoms of asthma can, however, be easily established in epidemiology,
by identification of multiple symptoms. We hypothesise that reporting of multiple symptoms of
asthma reflects uncontrolled disease and is a sign of more severe asthma. The aims of the current
study were, therefore, to determine the prevalence and determinants of multi-symptom asthma.

A postal questionnaire was sent to 30,000 randomly selected individuals aged 16-75 yrs. A
subgroup underwent clinical examinations. Multi-symptom asthma was defined as reported
physician-diagnosed asthma, use of asthma medication, recurrent wheeze, attacks of shortness
of breath and at least one additional respiratory symptom.

The prevalence of multi-symptom asthma was 2.0%, and it was more common among females
(2.4 versus 1.5%; p<<0.001) and those with a body mass index >30 kg'm'z. Multi-symptom
asthmatics had lower forced expiratory volume in 1 s, higher exhaled nitric oxide fraction and
more pronounced hyperresponsiveness. Family history of both asthma and allergy (OR 7.3), and
occupational exposure to gas dust or fumes (OR 2.0) were also significant risk factors.

Multi-symptom asthmatics comprise 2% of the general population; multi-symptom asthma is
related to signs of more severe disease and could be used as an epidemiological marker of

disease severity.
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nly a few studies have attempted to
o identify severe asthma in different popu-

lations, which explains why the preva-
lence of more severe disease is largely unknown
[1-4]. Clinical studies suggest that severe asth-
ma is more common among females [1, 2] and
compared with asthma in general, a greater pro-
portion have neutrophilic inflammation [2, 3].
Occupational exposure has also been shown to be
associated with more severe asthma [4]. Asthma
with more pronounced severity greatly affects
daily life with an impaired quality of life, more
frequent premature retirements and an increased
risk of hospitalisation and death [1, 5, 6]. Severe
asthma also causes the most significant economic
burden of asthma, despite representing a minority
of those with asthma [7, 8].

Studies of severe asthma have primarily been
performed in clinical cohorts, as defining severe
asthma in population studies has been difficult.
Therefore, severe asthma has rarely been studied in
population cohorts [9]. Asthma with multiple

symptoms, despite the concurrent use of asthma
medication, is more readily defined in population
studies and could potentially be used as a severity
index. The West Sweden Asthma Study (WSAS)
presents an opportunity to study severe asthma in a
population sample. The WSAS was initiated in 2008
and provides the possibility of studying extensive
aspects of asthma epidemiology, including severity
[10-12]. The study included a postal questionnaire
to a large sample of the general population in West
Sweden and clinical investigations of a randomly
selected subsample of those with asthma.

The present study aims to determine the prevalence
and risk factors of asthma with multiple respiratory
symptoms despite the use of asthma medication. A
secondary aim was to determine whether the
definition of multi-symptom asthma is reflected
by clinical manifestations of more severe disease.

MATERIAL AND METHODS

Study population and participation

The study population has previously been
described [10]. In 2008, a questionnaire was
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ASTHMA AND ALLERGY

mailed to 30,000 randomly selected subjects aged 16-75 yrs,
living in the region of West Gothia, Sweden; 15,000 subjects
lived in metropolitan Gothenburg and 15,000 lived elsewhere
in West Gothia. The population of the area was one-sixth of the
Swedish population in 2007. As some subjects could not be
traced, the study sample consisted of 29,218 subjects, of whom
18,087 (62%) subjects responded. A nonresponder study has
been performed [11].

Questionnaire

The questionnaire consisted of three parts: the Obstructive
Lung Diseases in Northern Sweden (OLIN) questionnaire;
questions on occupation-, retirement- and exposure-related
symptoms; and the Swedish version of the Global Allergy and
Asthma European Network (GA®LEN) questionnaire [13, 14].
The questionnaire included questions on asthma, chronic
bronchitis/chronic obstructive pulmonary disease (COPD)/
emphysema, rhinitis, eczema, respiratory symptoms, use of
asthma medication and possible determinants of disease, such
as smoking habits, occupation, airborne occupational expo-
sures and family history of airway diseases.

Clinical examinations

Clinical examinations were performed in a subsample of the
questionnaire respondents. Examinations included skin-prick
tests (SPTs), height and weight measurements, exhaled nitric
oxide fraction (FeNO) determination at a flow rate of 50 mL-s™,
spirometry and methacholine challenge. In total, 371 nonasth-
matics and 472 asthmatics were clinically investigated. The
SPT was performed using a standard panel of 11 inhaled
allergens (ALK, Horsholm, Denmark) (see online depository).
A mean wheal diameter equal to or greater than that of the
positive control was considered as a positive response.
Spirometry was performed (Masterscope; Jaeger, Hochberg,
Germany) and the forced expiratory volume in 1s (FEV1) %
predicted was calculated. The methacholine challenge was
performed using the Spira equipment (Spira Respiratory Care
Center Ltd, Hdmeenlinna, Finland) and followed a shortened
protocol with a highest administered cumulative dose of
1.96 mg. The formula used to calculate provocative dose
causing a 20% fall in FEV1 can be found in the online
depository. The asthmatics who underwent clinical examina-
tions were classified according the Global Initiative for Asthma
(GINA) 2006 classification using frequency of symptoms and
lung function [15]. The definitions used for the GINA
classification are given in the online depository.

Definition of multi-symptom asthma

Subjects reporting “‘physician-diagnosed asthma’, ““asthma
medication’”’, ““attacks of shortness of breath’”’, “‘recurrent
wheeze””/, and at least one symptom out of “dyspnoea”,
“breathlessness (exertion)”’, “‘breathlessness (cold)” or
“breathlessness (exertion in cold)” were considered multi-
symptom asthmatics. For the purpose of this study, all subjects
reporting physician-diagnosed asthma but without multi-
symptom asthma are referred to as having “‘other asthma”.
Nonasthmatics did not report physician-diagnosed asthma.
The rationale and hypothesis behind the definition of multi-
symptom asthma, and definitions of diseases, symptoms and
possible determinants of disease are given in the online
depository.
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Analyses

The prevalence and risk factor calculations were based on all
18,087 questionnaire responders. Presented clinical data were
obtained from a subsample of 843 subjects. Statistical analyses
were performed using SPSS version 16.0 (IBM, Somers, NY,
USA). Comparisons of proportions were tested using Chi-
squared tests, p-values were calculated using Fisher’s exact test
and the Mantel-Haenszel test for trend was used where
appropriate. Unpaired t-tests were used to compare means
between two groups. A p-value of <0.05 was regarded as
statistically significant. Covariates used in the analyses
included family history of asthma and/or allergy, rural/farm
childhood, smoking habits, age, sex, area of residence,
occupational exposure, and allergic rhinitis. Allergic rhinitis
was used as a surrogate variable for atopy. In the logistic
regression models, two of the variables, family history of
asthma and family history of allergy, were combined. Three
logistic regression models were performed. First, the odds ratio
(OR) for multi-symptom asthma was calculated using non-
asthma as reference group; secondly, other asthma was
compared with nonasthma; and thirdly, multi-symptom
asthma was compared with other asthma. In addition, a
multinomial regression model was created incorporating all
three groups. The results can be seen in the online depository.
The attributable fraction (AF), ie. the proportion of cases
caused by a specific factor, was calculated according to the
formula ((RR-1)/RR) x p, where RR is the risk ratio and p is the
proportion of exposed cases [16]. RR was calculated according
to the formula (a/(a+b))/(c/(c+d)), where a is the number of
subjects with multi-symptom asthma exposed to the factor, b is
the number of subjects without asthma exposed to the factor, c
is the number of subjects with multi-symptom asthma not
exposed to the factor and d is the number of subjects without
asthma not exposed to the factor.

RESULTS

Prevalence and symptoms of multi-symptom asthma
Multi-symptom asthma was detected in 2.0% of the popula-
tion. No significant differences were found by age, while it was
significantly more common among females than males (2.4
versus 1.5%; p<<0.001). Subjects with multi-symptom asthma
comprised 24.4% of subjects with physician-diagnosed asthma.
All investigated symptoms were more common among multi-
symptom asthmatics compared with nonasthmatics, while all
symptoms except allergic rhinitis were more common com-
pared with subjects with other asthma (table 1).

Clinical characteristics

Lung function, expressed as FEV1 % pred, was lower in both
multi-symptom asthma and other asthma wversus healthy
controls, and lower in multi-symptom asthma versus other
asthma (table 2). Of the multi-symptom asthmatics, 82.9%
reacted with a >20% decrease in FEV1 to cumulative doses of
methacholine up to 1.96 mg compared with 58.7% of those
with other asthma (p=0.004) and 40.1% of the nonasthmatics
(p<<0.001) (table 2 and fig. 1). When this highly positive
bronchial challenge was used as a physiological diagnosis of
asthma, multi-symptom asthma yielded a positive predictive
value of 83% and a specificity of 94%, while sensitivity was
lower (34%), as better controlled asthmatics with fewer
symptoms often react to relatively low doses of methacholine.
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1y-\:18=8 B Differences in prevalence of respiratory
symptoms for multi-symptom asthmatics (MSA),
other asthmatics and nonasthmatics
Symptom MSA Other Nonasthma
asthma
Subjects n 367 1340 16380
Asthma medication 100.07 59.2 2.4
Attacks of shortness of breath 100.0% 51.3 41
Recurrent wheeze 100.07 15.3 4.1
Any wheeze 100.0 56.8 121
Dyspnoea 411 16.4 5.0
Dust triggered 73.6 49.3 13.3
Strong smell triggered 63.8 38.1 10.9
Exercise triggered 78.2 48.8 15.0
Cold triggered 73.6 40.2 7.6
Exercise in cold triggered 80.4 55.8 15.5
Chronic bronchitis ever 22.1 10.6 2.6
Chronic productive cough 43.6 14.7 4.5
Chronic rhinitis 56.4 35.4 17.7
Allergic rhinitis 65.7 64.4 22.9
Difficulty breathing after use 13.1 5.7 1.2
of painkiller
Tight chest from walking 59.1 26.6 6.5

Data are presented as %, unless otherwise stated. The p-values for
comparisons between MSA and nonasthmatics, MSA and other asthmatics,
and other asthmatics and nonasthmatics were all <0.001 except for allergic
rhinitis (MSA versus other asthmatics; p=0.653). #: by definition.

Subjects with multi-symptom asthma and other asthma had a
higher number of positive SPTs than nonasthmatics, but there
were no differences between the two groups of asthma
(table 2). There were no differences in the number of positive
SPTs between multi-symptom asthmatics and other asth-
matics, nor were there any differences in which allergens they
reacted to. Obesity was more common in multi-symptom
asthma compared with the other two groups. FeNO increased
with increasing asthma severity. Morbidity variables, particu-
larly emergency unit visits and asthma exacerbations, were
considerably more common in multi-symptom asthma com-
pared with other asthma (table 2). According to the GINA 2006
classification, 59.4% of subjects with multi-symptom asthma
had uncontrolled or poorly controlled asthma, compared with
28.2% among subjects with other asthma (p<<0.001).

Demographics and exposures

Multi-symptom asthma was significantly associated with
exposure to occupational gas, dust or fumes compared with
both nonasthma and other asthma (table 3). Those with multi-
symptom asthma were more often smokers compared with
other asthmatics and non-asthmatics. Those with multi-
symptom asthma were on average older at disease onset,
25.0 versus 21.6 yrs. There were no differences regarding the
population density of the place of residence or rural or farm
childhood among the groups. Only 8.0% of nonasthmatics had
a family history of both asthma and allergy while this was true
for 29.4% of those with multi-symptom asthma (table 3).
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Multivariate relationships

Having a family history of asthma was the strongest risk factor
for multi-symptom asthma compared with nonasthma (OR 7.3,
95% CI 5.5-9.7). The ORs for having a family history of either
asthma or allergy were equally strong (OR 2.6 and 2.7,
respectively). Other significant risk factors included occupa-
tional exposures (OR 2.0), female sex (OR 1.6), age 61-75 yrs
(OR 1.5) and current smoking (OR 1.3) (table 4).

When other asthma was used as a reference category, family
history of asthma and smoking no longer appeared as
significant risk factors, and age 46-60 yrs emerged as a new
significant risk factor. For other asthma, using nonasthma as a
reference, female sex was not a risk factor. Old age was a
protective factor for other asthma in contrast to multi-
symptom asthma, where old age was a risk factor.

In an additional analysis, reported allergic rhinitis was added
to the model as a surrogate variable for allergic sensitisation
and became the strongest single risk factor for multi-symptom
asthma (OR 4.9; data not shown). The impact of a family
history of allergy was then reduced, while the impact of a
family history of asthma did not change. The remaining
variables were only marginally affected.

AF and muiltiple risk factors

The AF was highest for a family history of allergy, which
explained 37.1% of the multi-symptom asthma in the study
population (fig. 2). In addition, a family history of asthma (AF
32.8%), female sex (AF 23.7%), and occupational exposure to
gas, dust or fumes (AF 16.9%) were important explanations for
multi-symptom asthma. When the AF for occupational
exposure to gas, dust or fumes was calculated for males and
females separately, the AF for males was 35.3% and for females
was 12.5%, reflecting the fact that 56.0% of the males and 24.4%
of the females were exposed at work.

An obvious additive risk effect on OR was seen when
analysing the joint effect of family history, occupational
exposure and current smoking. Using nonsmoking subjects
with no family history of asthma or allergy and no occupa-
tional exposure to gas, dust or fumes as a reference, the OR for
multi-symptom asthma for subjects with a history of both
asthma and allergy, and occupational exposure and/or current
smoking was 10.5 (fig. 3).

DISCUSSION

In the present population study, a subgroup of asthma with
multiple symptoms was identified. The prevalence of multi-
symptom asthma was 2% in the general population and
represented 24% of all asthma, a result similar to that of the
global Asthma Insights and Reality (AIRE) survey, where the
proportion of asthmatics with severe persistent asthma was
18% [1]. We hypothesise that those with multi-symptom
asthma were suffering from a more severe disease, as they
reported more symptoms due to environmental triggers, such
as cold air and dust, had significantly lower lung function,
expressed signs of increased airway inflammation, were more
hyperresponsive, and had more night-time awakenings com-
pared with those with fewer symptoms of asthma.
Environmental load was also more important for multi-
symptom asthma than for asthma in general, as occupational

VOLUME 38 NUMBER 4 827
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ay-\:{8=5% 8 Clinical characteristics for multi-symptom asthmatics (MSA), other asthmatics and nonasthmatics

Variable MSA Other asthma Nonasthma p-values
MSA versus MSA versus other Other asthma versus
nonasthma asthma nonasthma
Subjects n 111 361 371
Clinical variables
FEV1 % pred 88.8+21.4 98.8+18.4 104.6+16.6 <0.001 <0.001 <0.001
FeNO” ppb 29.3+29.5 232+17.2 19.7+13.8 <0.001 0.011 0.004
Methacholine PD20 <1.96 mg 82.9 58.7 40.1 <0.001 0.004 <0.001
Positive SPTs
1 22.6 18.1 14.7 <0.001" 0.959 <0.001
2 10.8 10.7 51
3 8.6 10.4 1.8
<4 10.8 10.7 4.0
Any 52.7 50.0 25.7 <0.001 0.651 <0.001
BMI kg-m™
<20 2.8 4.8 52 <0.001" 0.005 0.004
20-25 28.7 36.6 411
25-30 36.4 37.2 40.8
>30 322 21.4 12.9
Morbidity variables due to breathing
problems last year
Visited emergency department 20.7 6.1 4.0 <0.001 <0.001 0.239
Hospitalised 4.5 1.4 11 0.034 0.057 0.749
>1 exacerbation 34.2 12.5 1.6 <0.001 <0.001 <0.001
Sick leave 71 4.6 1.0 <0.001 0.063 <0.001

Data are presented as mean +sb or %, unless otherwise stated. Comparisons have been made between groups of asthma using unpaired t-tests (forced expiratory
volume in 1 s (FEV1) and exhaled nitric oxide fraction (FeNO)) and Chi-squared tests (remaining variables) for each individual variable listed. % pred: % predicted; PD2o0:
provocative dose causing a 20% fall in FEV1; SPT: skin-prick test; BMI: body mass index. #: measured at 50 mL-s™'; ¥: Mantel-Haenszel test for trend. Bold indicated

statistically significant p-values.

exposure to gas, dust or fumes, as well as smoking, were
significant risk factors for multi-symptom asthma. Furthermore,
obesity and female sex were more common among subjects with
multi-symptom asthma. A family history of asthma and allergy
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FIGURE 1. Fraction of subjects with nonasthma, other asthma and multi-
symptom asthma not reacting to an increasing cumulative dose of methacholine.
PD20: provocative dose causing a 20% fall in forced expiratory volume in 1 s.
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were the strongest risk factors for multi-symptom asthma,
particularly if both factors were present.

Frequently present in multi-symptom asthma, hyperrespon-
siveness, airway inflammation, impaired lung function, night-
time awakenings and dyspnoea are all signs of more severe
disease, strengthening the conclusion that an epidemiological
definition of multi-symptom asthma will identify subjects with
more severe disease. Despite the use of asthma medication, a
large majority of the multi-symptom group also had signs of
uncontrolled or poorly controlled asthma, as defined by GINA
[17]. The definition of multi-symptom asthma used in the
current study is not sufficient to encompass all aspects of
severe asthma, as previously described in the literature, but
many similarities are present. First, “severe asthma” has
primarily been investigated in clinical cohorts [2, 4, 18-20], but
rarely in random population cohorts [9]. However, the current
study reflects a population with signs of more severe disease
and has a sex distribution, with females being more frequently
affected, that is similar to what was reported in the population-
based European Community Respiratory Health Survey
(ECHRS), where prognostic factors for asthma severity
according to GINA were investigated [9], and to the patient-
based European Network for Understanding Mechanisms of
Severe Asthma (EMFUMOSA) [2, 21]. In the EMFUMOSA

EUROPEAN RESPIRATORY JOURNAL
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10-\:{B 58 Demographics for subjects with multi-symptom asthma (MSA), other asthma and nonasthma

Exposure MSA Other asthma Nonasthma p-value
MSA versus MSA versus Other asthma versus
nonasthma other asthma nonasthma
Subjects n 367 1340 16380
Occupational exposure to gas, 35.2 27.1 21.5 <0.001 <0.001 <0.001
dust or fumes
Smoking 0.002% 0.032 0.152
Nonsmokers 51.2 55.0 58.7
Ex-smokers 23.7 26.3 22.2
Smokers 24.3 18.1 18.5
Area 0.326% 0.145 0.251
Gothenburg 52.3 48.2 47.7
Town
>10000 inhabitants 183 20.9 20.7
2000-10000 inhabitants 9.5 12.8 12.0
Village
500-2000 inhabitants 7.9 6.0 5.9
<500 inhabitants 15.0 12.2 13.6
Family history
None 31.6 39.4 64.6 <0.001 0.007 <0.001
Asthma 6.8 8.1 54 0.228 0.429 <0.001
Allergy 19.6 18.3 15.4 0.027 0.560 0.005
Both 29.4 24.6 8.0 <0.001 0.062 <0.001
Rural childhood 37.9 38.0 38.6 0.780 0.978 0.645
Farm childhood 13.2 11.2 14.6 0.456 0.285 <0.001
Age at disease onset yrs 25.0+18.5 21.6+18.6 0.004

Data are presented as % or mean +sb, unless otherwise stated. Bold indicates statistically significant differences. Comparisons were made between asthma groups using
Chi-squared tests for each individual variable listed, except age at disease onset where an unpaired t-test was used. *: Mantel-Haenszel test for trend.

ay:\=18= 8 Risk factors for multi-symptom asthma (MSA) and other asthma as determined by multiple logistic regression analysis

Independent variables Dependent variables
MSA versus nonasthma MSA versus other asthma Other asthma versus nonasthma

Family history

None 1 1 1

Asthma 2.55 (1.64-3.97) 1.12 (0.69-1.82) 2.43 (1.95-3.03)

Allergy 2.73 (2.00-3.72) 1.55 (1.09-2.21) 1.84 (1.56-2.16)

Both 7.34 (5.53-9.74) 1.69 (1.24-2.31) 4.61 (3.94-5.38)
Smoking

Nonsmokers 1 1 1

Ex-smokers 1.13 (0.86-1.49) 0.78 (0.57-1.05) 1.43 (1.24-1.65)

Smokers 1.31 (1.01-1.71) 1.25 (0.93-1.69) 1.05 (0.90-1.22)
Age yrs

16-30 1 1 1

31-45 1.02 (0.75-1.38) 1.01 (0.72-1.41) 1.01 (0.87-1.18)

46-60 1.19 (0.87-1.62) 1.62 (1.14-2.29) 0.74 (0.62-0.87)

61-75 1.51 (1.09-2.11) 1.94 (1.33-2.82) 0.76 (0.63-0.92)
Occupational exposure 2.03 (1.61-2.56) 1.54 (1.18-1.99) 1.33 (1.16-1.52)
Female sex 1.56 (1.24-1.97) 1.38 (1.07-1.78) 1.09 (0.97-1.23)

Data are presented as OR (95% Cl). Bold indicates statistical significance. All covariates incorporated in the analysis are presented in the table.
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Ever smoking

Female sex

Occupational
exposure to gas,
dust or fumes

Family history
of allergy

Family history
of asthma

0 10 20 30 40
AF %

FIGURE 2. Attributable fractions (AFs) for multi-symptom asthma.

study, allergy was inversely related to asthma severity, while
in our study and in the ECHRS, no difference in allergic
sensitisation was found by asthma severity. The EMFUMOSA
study also related severe asthma to lower FEV1 % pred and to a
risk of asthma worsening upon aspirin intake [2], relationships
also demonstrated in the current study.

The high proportion of asthma with multiple symptoms, despite
the use of asthma medication, could be partly explained by the
subjective perception of the asthma disease being controlled,
despite the presence of symptoms, and therefore reduced use of
prescribed medication, leading to the presence of additional
symptoms. This assumption is supported by population-based
studies showing that many patients with persistent symptoms
still consider their disease ““well controlled” [1, 19]. The level of
asthma control falls short of management goals, with many
patients being severely undertreated [1, 19, 22]. In the AIRE
study [1], the low usage of preventive medication, with many
patients having to resort to quick-relief medication, is indicative
of poor asthma control, and a poor correlation between the level
of symptoms and perceived asthma control was demonstrated.
People with severe asthma are also prone to anxiety and
depression, which also is associated with nonadherence to
treatment regimens [21, 23, 24]. The level of asthma control is
important, as it affects exacerbation frequency and quality of life
[5,17, 25, 26].

Our study shows a stronger relationship between environ-
mental load, heredity components and multi-symptom asthma
than has previously been shown for asthma in general. Thus,
smoking and occupational exposure to gas, dust or fumes had
a greater impact on multi-symptom asthma compared with
other asthma. Occupational exposures and air pollutants are
known risk factors for asthma [16] and with similar exposures
at work, severe asthmatics more frequently reported that work
affected their breathing [4, 27]. In particular, having a family
history of both asthma and allergy seemed to have a higher
importance for multi-symptom asthma than for other asthma.
Heredity of allergy was a stronger risk factor for multi-
symptom asthma compared with other asthma, a result that
contrasts with the nonrandom clinical cohort studied in the
EMFUMOSA project, where a negative association was
reported [2, 27]. While young adulthood is a risk factor for
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FIGURE 3. The effect of interaction between family history, smoking status and
occupational exposure on the odds ratios (ORs) for multi-symptom asthma. —: OR 1;
whiskers: 95% Cl.

asthma in general [10, 28], old age was a risk factor for having
multi-symptom asthma. Unlike asthma in general [12, 29], no
protective effect of a farm childhood could be demonstrated
for multi-symptom asthma.

Chronic rhinitis was found to be more strongly related to multi-
symptom asthma compared with other asthma. It has previously
been shown that asthmatics with concurrent rhinitis are at a
higher risk for hospitalisations and have a higher cost of asthma
medication [30]. According to population studies, 60-80% of all
asthmatics have rhinitis and 20-40% of all subjects with rhinitis
also suffer from asthma [28, 31, 32]. When allergic rhinitis was
considered as a determinant of asthma, it appeared as the
strongest risk factor for both multi-symptom and other asthma.
Rhinitis has also been identified as an important risk factor of
incident asthma [28, 33, 34]. In contrast to chronic rhinitis, there
was no difference regarding the prevalence of allergic rhinitis
among subjects with multi-symptom and other asthma.

The AF, also referred to as the population attributable risk, of
ever smoking, female sex, heredity, and occupational exposure
to gas, dust or fumes was substantial. The AF for occupational
exposure has previously been estimated to be 17.6% [16]. When
investigating subjects with multiple risk factors, we found that
the hereditary factors are the most prominent, being related to
increased risk of multi-symptom asthma. In the absence of a
family history of asthma and allergy, an increased risk at the
population level was observed only if both smoking and
occupational exposure of gas, dust or fumes were present. If a
hereditary factor was present, the concurrent presence of
smoking and/or occupational exposure to gas, dust or fumes
was considerable, with a 10-fold increased risk of having
multi-symptom asthma compared with subjects who had none
of the risk factors. It should be noted that the cross-sectional
study design did not allow for conclusions regarding causality.
The identification of asthma with multiple symptoms and the
observed risk factor patterns expands the available measures
to reduce disease burden beyond pharmacotherapy. Important
risk factors that could be subject to preventive measures are
smoking, occupational exposures and obesity. The remaining
important risk factors for other asthma in this study were
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female sex and heredity for asthma and allergy. From a clinical
perspective, the definition of multi-symptom asthma might be
an easy way to identify asthmatics in need of a more thorough
follow-up and with additional management needs [17].

This large, randomly selected study population allowed for the
identification of preventable risk factors. The use of ques-
tionnaire data to define severe or uncontrolled asthma is
subject to limitations, which is why we have chosen to use the
term multi-symptom asthma. When the present definition of
multi-symptom asthma, based on well-defined questionnaire
data, was analysed, a group could be identified that differed
from other asthmatics with regard to clinical characteristics
and risk factor patterns. However, the questionnaire data was
not sufficient to distinguish between, for instance, subjects
with persistent severe asthma, and subjects with brittle asthma
and lack of adherence to treatment. It might be that subjects
identified using the current method could be more sensitive to
symptoms rather than having a more severe disease. The
variables used in the definition of multi-symptom asthma have
slightly different time spans as part of their definitions, which
might cause symptoms being anterior to asthma medication.
However, this should not influence the results to any great
extent, as a very small number of asthmatics would have had
access to asthma medication before the symptoms arose. It
might even be argued that some subjects with multi-symptom
asthma may have some features of COPD; however, this is
contradicted by the mean age of onset of asthma at 25 yrs and
that only nine of the smokers >50 yrs had a FEV1/forced vital
capacity ratio <0.7.

To conclude, multi-symptom asthma comprises 2% of the
general population, and reflects uncontrolled and more severe
disease. It is associated with decreased lung function,
increased airway inflammation and bronchial hyperrespon-
siveness. Multi-symptom asthma is associated with a strong
hereditary component of family history of both asthma and
allergy, female sex and high body mass index. Multi-symptom
asthma is also linked to smoking and occupational airborne
exposure to gas, dust and fumes, factors that can be prevented
to reduce the burden of severe disease. We suggest that multi-
symptom asthma could potentially be used as an epidemiolo-
gical marker of severe disease. Identifying patients with severe
asthma is important, as they have a higher risk of being
hospitalised, have more frequent contacts with healthcare
providers and have a higher risk of premature death.
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SPT allergens
e Dermatophagoides pteronyssinus
e Dermatophagoides farina
e Alternaria alternate
e Cladosporium herbarium

e Blatella germanica

e Dog

e Cat

e Horse

e Timothy
e Mugwort
e Birch

Calculation of PD20

PD20 = A + ((20-B)*(C-A)) / (D- B) where A = administered dose methacholine before 20
percent decrease in FEV1, B = percent decrease in FEV1 after A, C = administered dose
methacholine after 20 percent decrease in FEV1 and D = percent decrease in FEV1 after C.

Definitions for definition according to GINA

To be considered as having controlled asthma the subject had to: have day time symptoms <
2/week, have no limitations in activities due to asthma, no night time symptoms, per required
need (PRN) medication < 3/week, FEV; % of predicted > 80% and no exacerbations during
the last 12 months. To be considered as having partly controlled asthma the subject had to
have any one out of: day time symptoms > 3/week, limitations in activities due to asthma,
night time symptoms, per required need (PRN) medication > 3/week, FEV; % of predicted
<80% and at least one exacerbation during the last 12 months. To be considered as having
uncontrolled asthma the subject had to have at least 3 out of: day time symptoms > 3/week,
limitations in activities due to asthma, night time symptoms, per required need (PRN)
medication > 3/week, FEV; % of predicted <80% and at least one exacerbation during the
last 12 months.

Rationale behind definition of multi-symptom asthma

The questionnaire we used has been used in several studies in Sweden and other countries
since 1985. Already in the late 1980s and early 1990s it was found that recurrent wheeze and
attacks of shortness of breath, two of the core symptoms of multi-symptom asthma, correlated
with impaired lung function (Lundbéck et al. Tuber Lung Dis, 1994 Apr;75(2):116-26), this
was true particularly in subjects with asthma. Further the same symptoms correlated with
hyper-reactivity particularly in asthmatics (Lundbick et al. Allergy, 1993 Feb;48(2):117-24).
This was also found in an Estonian study (Meren et al. J Asthma, 2005 Jun;42(5):357-65). In
2007-2008 a large interview study of 789 subjects (of totally 999 invited) with physician-
diagnosed asthma derived from a population study in Stockholm, Sweden, underwent
structured interviews, and different morbidity variables were considerably more common in



those reporting the above symptoms. The triggers exertion and cold were selected, because
they are less biased compared with symptoms caused by irritants such as tobacco smoke, dust,
strong smelling scents etc, which also strongly correlate with sensoric hyper reactivity without
bronchial obstruction. Further, the large EMFUMOSA has shown that triggers connected to
allergy, i.e. pollen and furry animals, are inappropriate to use in identifying severe asthma.
We thus had strong evidence for our hypothesis that the selected questions would correlate
with a more severe asthma than asthma in general.

Definitions

Physician-diagnosed asthma: “Have you been diagnosed as having asthma by a
doctor”.

Asthma medication: “Do you currently use asthma medicine (permanently or as
needed)”.

Attacks of shortness of breath: “Do you presently have, or have you had in the last 10
years, asthma symptoms (intermittent breathlessness or attacks of shortness of breath;
the symptoms may exist simultaneously with or without cough or wheezing)”” and
“Have you had these symptoms within the last year”.

Recurrent wheeze: “Do you usually have wheezing or whistling in your chest when
breathing”.

Any wheeze: “Have you had whistling or wheezing in the chest at any occasion during
the last 12 months”.

Dyspnoea: “Do you get breathless when you walk on level ground with people of your
own age”.

Breathlessness — exertion: “Du you usually have breathlessness, wheeze or severe
cough on exertion”.

Breathlessness — cold: “Du you usually have breathlessness, wheeze or severe cough
in cold weather”.

Breathlessness — exertion in cold: “Du you usually have breathlessness, wheeze or
severe cough on exertion in cold weather”.

Difficult breathing after use of pain-killer: “Have you ever had any difficulty with
your breathing within 3 hours after taking a pain killer”.

Chronic bronchitis ever: “Have you ever had chronic bronchitis, COPD or
emphysema”.

Chronic productive cough: Sputum production for at least 3 months during two
subsequent years, Sputum production was defined as answering yes to Do you
usually have phlegm when coughing or do you have phlegm in the chest which is
difficult to bring up”.



Chronic rhinitis: Yes to “Do you have a blocked nose more or less constantly” and/or
“Do you have a runny nose more or less constantly”.

Allergic rhinitis: “Have you now, or have you ever had, allergic rhinitis (hay-fever) or
allergic eye catarrh”.

Occupational exposure: “Have you been heavily exposed to gas, dust or fumes at
work”.

Smokers reported smoking during the year preceding the survey .

Ex-smokers reported having quit smoking at least 12 months preceding the survey.
Ever smoker were either smokers or ex-smokers.

Non-smokers reported neither smoking nor ex-smoking.

Age at onset: response to “How old were you when you developed asthma”.

Area of residence was categorised according to population density and location.
Metropolitan Gothenburg with more than 500 000 inhabitants and towns/villages in
West Gothia according to size: towns with more than 10 000 inhabitants, towns with

2 000 - 10 000 inhabitants, villages with 500 — 2 000 inhabitants and villages and rural

areas with less than 500 inhabitants.

Family history of asthma: ““Do any of your parents or sibling have, or have had,
asthma?”’;

Family history of allergy: “Do any of your parents or sibling have, or have had,
allergic rhinitis or allergic eye catarrh”;

Rural childhood: “Did you live in country-side (i.e. not town or suburb) during your
first five years of life”;

Farm childhood: “Did your family live on a farm during your first five years of life”



Comparison between multinomial and binominal regression models

Independent variables

Dependant variables

Variable

Category

Multi-symptom asthma vs. non-
asthma

Multi-symptom asthma vs. other
asthma

Other asthma vs. non-asthma

Binominal

OR (95% CI)

Multinominal

OR (95% CI)

Binominal

OR (95% CI)

Multinominal

OR (95% CI)

Binominal

OR (95% CI)

Multinominal

OR (95% CI)

Family history

Smoking

Age (years)

Occupational
exposure

Sex

Asthma-, Allergy-

Asthma+, Allergy-
Asthma-, Allergy+
Asthma+, Allergy+

Non-smokers
Ex-smokers
Smokers

16-30
31-45
46-60
61-75

Yes

Women

1
2.55 (1.64 - 3.97)
2.73 (2.00 - 3.72)
7.34 (5.53 - 9.74)

1
1.13 (0.86 - 1.49)
1.31(1.01 - 1.71)

1
1.02 (0.75 - 1.38)
1.19 (0.87 - 1.62)
151 (1.09 - 2.11)

2.03 (1.61 - 2.56)

1.56 (1.24 - 1.97)

1
2.56 (1.65 - 3.98)
2.77 (2.04 - 3.77)
7.53 (5.69 - 9.96)

1
1.15 (0.88 - 1.51)
1.31(1.01- 1.71)

1

1.06 (0.78 - 1.43)
1.22 (0.9 - 1.66)
1.56 (1.13 - 2.16)

2.08 (1.65 - 2.63)

1.61 (1.28 - 2.02)

1
1.12 (0.69 - 1.82)
1.55 (1.09 - 2.21)
1.69 (1.24 - 2.31)

1
0.78 (0.57 - 1.05)
1.25 (0.93 - 1.69)

1
1.01 (0.72 - 1.41)
1.62 (1.14 - 2.29)
1.94 (1.33 - 2.82)

1.54 (1.18 - 1.99)

1.38 (1.07 - 1.78)

1
1.05 (0.65 - 1.69)
1.5 (1.07 - 2.11)
159 (1.17 - 2.17)

1
0.81 (0.60 - 1.09)
1.29 (0.96 - 1.73)

1
1.09 (0.75 - 1.44)
1.64 (1.17 - 2.3)
2.03 (1.41 - 2.93)

1.56 (1.20 - 2.01)

1.47 (1.14 - 1.89)

1
2.43 (1.95 - 3.03)
1.84 (1.56 - 2.16)
4.61 (3.94 - 5.38)

1
1.43 (1.24 - 1.65)
1.05 (0.90 - 1.22)

1
1.01 (0.87 - 1.18)
0.74 (0.62 - 0.87)
0.76 (0.63 - 0.92)

1.33 (1.16 - 1.52)

1.09 (0.97 - 1.23)

1
2.45 (1.97 - 3.05)
1.85 (1.57 - 2.17)
4.73 (4.05 - 5.52)

1
1.42 (1.23 - 1.64)
1.02 (0.88 - 1.19)

1
1.02 (0.88 - 1.19)
0.74 (0.63 - 0.88)
0.77 (0.64 - 0.92)

1.34 (1.17 - 1.53)

1.1 (0.97 - 1.23)




