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epidemiology; Methods: In 2008, a postal questionnaire on respiratory health was sent to 30 000 randomly
Population survey selected subjects aged 16—75 years in West Sweden; 29218 could be traced and 18 087

(62%) responded. The questionnaire included questions on asthma, rhinitis, chronic rhinosinu-
sitis, respiratory symptoms and possible determinants.

Results: Prevalence of allergic rhinitis in asthma was 63.9% and of asthma in allergic rhinitis
19.8%. Prevalence of chronic rhinosinusitis in asthma was 8.4% and of asthma in chronic
rhinosinusitis 24.4%. Asthma subjects with chronic rhinitis, or chronic rhinosinusitis, had
more symptoms of asthma and bronchitis than those without rhinitis (p < 0.001). There
was an obvious trend of higher ORs for various environmental exposures including occupa-
tional exposure to dust, gases and fumes (OR 2.32 vs. OR 1.44), visible mould at home
(OR 1.72 vs. OR 1.27) and water damage at home (OR 1.82 vs. OR 1.06) for asthma with
chronic rhinosinusitis than for asthma with allergic rhinitis. Family history of allergy yielded
a higher OR for asthma with allergic rhinitis than with asthma with chronic rhinosinusitis (OR
7.15 vs. OR 4.48).
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Conclusion: Considerable overlap between asthma and nasal comorbidities was documen-
ted, confirming a close relationship between nasal disease and asthma. Allergic rhinitis,
chronic rhinitis and chronic rhinosinusitis were associated with different risk factor patterns
and symptom expression of asthma. Thus, different nasal comorbidities may reflect
different phenotypes of asthma.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Asthma and rhinitis are common chronic disorders with an
estimated 700 million sufferers worldwide.! Both asthma
and rhinitis are considered syndromes with a number of
clinical phenotypes,?* as well as biological endotypes.” The
conditions frequently coexist, both in atopic and non-
atopic individuals.® Rhinitis is further considered an
important risk factor for developing asthma.®” Concomi-
tant rhinitis appears to impair asthma control,® whereas
adequate treatment of allergic rhinitis seems to be bene-
ficial also for asthma.™"

While a number of population-based studies have
investigated the association between asthma and allergic
rhinitis,">~"> studies on the correlation between asthma
and chronic nasal symptoms are few.'>™"7 Studies from
otolaryngology and asthma clinics have suggested consid-
erable comorbidity between asthma and chronic rhinosi-
nusitis.'”” However, mainly due to previous lack of
consensus in the definition of chronic rhinosinusitis,
population-based studies are few. There are at present no
published population-based studies on comorbidity of
asthma and chronic rhinosinusitis.

The genetic component of asthma and rhinitis is
considered to be of great importance.'® Even so, a number
of environmental risk factors, including occupational
exposure to irritant factors and home dampness, have been
associated with the conditions."®2' Although various
studies have presented risk factors for asthma and rhinitis
separately,”'?"723 to the authors’ knowledge, no previous
study has presented risk factors for asthma with different
nasal comorbidities.

The aim of this study was to investigate the prevalence
of asthma and lower respiratory symptoms in subjects with
allergic rhinitis, chronic rhinitis and chronic rhinosinusitis
and vice versa (i), how the expression of lower respiratory
symptoms in asthma subjects varies with different nasal
comorbidities (ii) and what the risk factors are for asthma
with different nasal comorbidities (iii).

Methods

Study population

In 2008, a self-administered questionnaire was mailed with
three reminders to 30 000 inhabitants in West Sweden, aged
16—75 years. By computerised randomisation 15 000
subjects were selected from the urbanised area of Goth-
enburg. Similarly, a random sample of 15 000 subjects of
the same age was selected from the rest of the region.
Names and addresses were provided by the Swedish

Population Register. The invited individuals were given the
possibility to respond either by mail or over the internet. Of
the 29 218 subjects that were traceable, 18 087 (62%)
participated.?>2* A study of none- and late-response has
confirmed the representativeness of the study sample for
the population in the studied areas.?*

Questionnaire

The study questionnaire consisted of the Swedish OLIN
study questionnaire,”® with additional questions about
smoking and occupational and environmental exposures,
and the Swedish version of the GA’LEN questionnaire.? The
OLIN questionnaire has been used in several large scale
studies in northern Europe and other parts of the world and
contains questions about obstructive respiratory diseases,
rhinitis, respiratory and nasal symptoms and possible
determinants of disease, such as smoking habits and family
history of asthma and allergy.'?2230

Definitions

Asthma

As the diagnosis of asthma is arbitrary, three different
definitions of asthma were used: report of having ever had
asthma (ever asthma), physician-diagnosed asthma and
current asthma. Current asthma was defined as ever
asthma or physician-diagnosed asthma and at least one out
of: current use of asthma medication, attacks of shortness
of breath, any wheeze, and recurrent wheeze.

Rhinitis

Allergic rhinitis was defined as having ever had allergic eye
or nose problems including hay fever, while chronic rhinitis
was defined as having either runny nose or nasal congestion
more or less constantly. Chronic rhinosinusitis was defined
as at least three of the following symptoms: nasal blockage,
mucus discharge, facial pain or pressure and reduction of
smell, for more than 12 weeks during the past 12 months.

Lower respiratory symptoms

Waking with tight chest was defined as having woken up
with a sensation of chest tightness. Dyspnoea grade 3 was
defined as necessity to walk slower than contemporaries on
level ground because of breathlessness, following the
definition from the Medical Research Council Dyspnoea
Index. All other lower respiratory symptoms have been
defined elsewhere.??

Family history
Family history of asthma was defined as a positive answer to
the question: ‘Has any of your parents or siblings ever had
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asthma’, and family history of allergic rhinitis was defined
as a positive answer to the question: ‘Has any of your parents
or siblings ever had eye or nose problems (hay fever)’.

Exposures

Current smokers reported smoking during the year
preceding the survey, and were classed as light-moderate
smokers if they smoke less than 15 cigarettes per day and
heavy smokers if they smoke 15 cigarettes per day or more;
Ex-smokers reported having stopped smoking at least 12
months preceding the survey; Non-smokers reported
neither smoking nor ex-smoking. Occupational exposure
was defined as having been substantially exposed to dust,
gases or fumes at work. Visible mould at home and water
damage at home were defined as suffering from any such
incidence during the past 10 years. Farm childhood was
defined as having lived on a farm during your first five years
of life. Classes of level of education were: completion of
primary school, secondary school or higher education
(under-graduate, graduate and post-graduate). Degrees of
urbanisation were categorised based on the number of
inhabitants in the localities of residence. Metropolitan
Gothenburg, with approximately 700 000 inhabitants, was
used as a separate entity, while other localities with more
than 10 000 inhabitants were considered mid-size towns (all
with less than 100 000 inhabitants). Localities with 500 to
10 000 inhabitants were considered small towns and those
with less than 500 inhabitants rural areas. The classification
was performed by matching the subjects’ address infor-
mation with official population data from Statistics
Sweden.?!

Analyses

Statistical analyses were performed using SPSS version 17.0
(Chicago, IL, USA). Comparisons of proportions were tested
with two-sided Fisher’s exact test. Linear-by-linear associ-
ation chi square test was used for testing for trends. A p-
value of <0.05 was regarded as statistically significant.
Multiple logistic regression analysis was used to calculate
odds ratios (ORs) with 95% confidence intervals (Cls) sepa-
rately for each of physician-diagnosed asthma, asthma with
allergic rhinitis, asthma with chronic rhinitis, asthma with
chronic rhinosinusitis and asthma without rhinitis. Inde-
pendent variables were age, sex, family history of asthma,
family history of allergic rhinitis, smoking, water damage at
home, visible mould at home, occupational exposure to
gas, dust or fumes, farm childhood, level of education and
degree of urbanisation. Interaction analyses were per-
formed using the combined variable method assessing
interactions between occupational exposure to gas, dust or
fumes and smoking, smoking and sex as well as age and all
independent variables included in the multivariate
analyses.

Results

Asthma in rhinitis

Physician-diagnosed asthma was found to overlap substan-
tially with allergic rhinitis, chronic rhinitis and chronic

rhinosinusitis, respectively, as is presented in Venn-
diagrams (Fig. 1a and b). Of subjects with physician-
diagnosed asthma, 63.9% had allergic rhinitis, 39.8% had
chronic rhinitis and 8.4% had chronic rhinosinusitis. Of
subjects with chronic rhinosinusitis, 82.7% had chronic
rhinitis and 54.0% had allergic rhinitis. Prevalence of ever
asthma, physician-diagnosed asthma, current asthma and
current use of asthma medication was considerably
(p < 0.001) higher in subjects with allergic rhinitis, chronic
rhinitis and chronic rhinosinusitis, respectively, than in
subjects without rhinitis or rhinosinusitis (Table 1). Preva-
lence of current asthma was studied in relation to combi-
nations of allergic rhinitis, nasal congestion and runny nose
(Fig. 2). The prevalence of current asthma increased with
the number of nasal conditions, 2.8% in no nasal condition
vs. 28.5% in three nasal conditions.

Rhinitis in asthma

The prevalence of allergic rhinitis, chronic rhinitis and
chronic rhinosinusitis, respectively, increased with
increasing occurrence of symptoms common in asthma

Physician-diagnosed asthma

Allergic rhinitis
26.9%

Chronic rhinitis
19.8%

Physician-diagnosed asthma

Allergic rhinitis

Chronic rhinosinusitis 26.9%

Fig. 1 Venn-diagrams of prevalence of (A) physician-
diagnosed asthma, allergic rhinitis and chronic rhinitis and
(B) physician-diagnosed asthma, allergic rhinitis and chronic
rhinosinusitis.
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Table 1
rhinitis and chronic rhinosinusitis, respectively.

Prevalence (%) of different asthma variables in general population and among subjects with allergic rhinitis, chronic

Symptom or Prevalence in general Allergic rhinitis Chronic rhinitis Chronic Free from
condition population® rhinosinusitis rhinitis®
(n = 18087) (n = 4859) (n = 3586) (n = 533) (n = 11213)
Ever asthma 9.7 23.6 19.0 28.5 3.7
Physician-diagnosed 8.3 19.8 16.5 24.4 3.3
asthma
Current asthma 8.1 20.2 17.7 26.8 2.7
Current use of 8.6 20.5 18.2 27.8 3.2

asthma medication

2 Lotvall et al.??

b Subjects without allergic rhinitis, chronic rhinitis and chronic rhinosinusitis.

(Fig. 3). Allergic rhinitis was reported by 21.3% of subjects
without symptoms common in asthma and by 62.6% of
subjects with four symptoms common in asthma. Similarly,
chronic rhinitis was reported by 14.8% of subjects without
symptoms common in asthma and by 55.4% of subjects with
four symptoms common in asthma. Chronic rhinosinusitis
was tenfold more common in subjects with four symptoms
common in asthma than among subjects without symptoms
common in asthma (16.0% vs. 1.5%, p < 0.001).

Nasal comorbidities and symptom expression of
asthma

Asthma subjects with allergic rhinitis reported substantially
more symptoms common in asthma, including attacks of
shortness of breath and any wheeze, than those without
allergic rhinitis (p < 0.001) (Table 2). In asthma subjects
with chronic rhinitis, both symptoms common in asthma
and symptoms of bronchitis were more frequent. The
pattern found in asthma subjects with chronic rhinitis was
present also in those with chronic rhinosinusitis, where
prevalence was even higher (Table 2).

The proportion of subjects with no, one, two, three or
four symptoms common in asthma among asthma subjects
with different nasal comorbidities was analysed (Online

A- N-R- (n = 11340) 2.8 (2.5-3.1)

A- N- R+ (n = 548) 7.3 (5.1-9.5)
A -N+ R-(n=672) 6.8 (4.9-8.8)
A- N+ R+ (n = 668)
A+ N-R- (n = 3161)
A+ N- R+ (n = 349)
A+ N+ R- (n = 536)

A+ N+ R+ (n =813)

supplementary Fig. 1). The proportion of subjects with
three symptoms or more was significantly greater in asthma
subjects with chronic rhinitis and chronic rhinosinusitis,
respectively, than in asthma subjects without these
conditions. Indeed, 66% of asthma subjects with chronic
rhinosinusitis reported at least three symptoms.

Risk factors for asthma with nasal comorbidities

Large differences were found in the distribution of demo-
graphic and other background variables among asthma
subjects with different nasal comorbidities (Table 3).
Asthma subjects with allergic rhinitis were significantly
younger, younger at asthma diagnosis, more commonly
reporting a family history of asthma and allergy, respec-
tively, and had a higher level of education than asthma
subjects without allergic rhinitis. Asthma subjects with
chronic rhinitis reported also more commonly a family
history of asthma and allergy, respectively, but were less
highly educated than asthma subjects without chronic
rhinitis. In addition, asthma subjects with chronic rhinitis
reported significantly more of a number of exposures
including current smoking, water damage at home, visible
mould at home, occupational exposure to dust, gases and
fumes and urban living than asthma subjects without

A = Allergic rhintis
N = Nasal congestion
R = Runny nose

P-value <0.0001
(Linear-by-linear association
chi square test)

12.4 (9.9-14.9)

16.4 (15.1-17.7)
24.9 (20.4-29.5)
27.1(23.3-30.8)

28.5 (25.4-31.6)

10.0%

0.0% 5.0%

15.0%

20.0% 25.0% 30.0%

Prevalence (%)

Fig. 2

Prevalence of current asthma in relation to allergic rhinitis, nasal congestion and runny nose with 95% confidence

intervals. A indicates allergic rhinitis; N nasal congestion; R runny nose; - condition not present; + condition present.

Please cite this article in press as: Eriksson J, et al., Rhinitis phenotypes correlate with different symptom presentation and risk factor
patterns of asthma, Respiratory Medicine (2011), doi:10.1016/j.rmed.2011.06.004




Asthma and nasal comorbidities

70 ~

p<0.001
60 - p<0.001
ONo symptoms*
§ 50 - O0One symptom™
§ 40 OTwo symptoms*
§ B Three symptoms*
&’ 30 BFour symptoms*
20 - p<0.001 )
* Including current
use of asthma
10 - medication
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Allergic rhintis

Fig. 3

Chronic rhinitis

Chronic rhinosinusitis

Prevalence of allergic rhinitis, chronic rhinitis and chronic rhinosinusitis among subjects with current asthma medication

and symptoms common in asthma. Symptoms were: attacks of shortness of breath, any wheeze and recurrent wheeze.

chronic rhinitis. Asthma subjects with chronic rhinosinusitis
had a significantly higher body mass index than asthma
subjects without chronic rhinosinusitis. Other significant
associations followed, with a few exceptions, those for
chronic rhinitis, though the associations with environmental
exposures were even stronger in asthma subjects with
chronic rhinosinusitis.

Table 2

Multivariate relationships

Adjusting for the independent variables in Table 4,
reporting both family history of asthma and family history
of allergic rhinitis was strongly associated with all combi-
nations of asthma and nasal comorbidities, in particular
with asthma with allergic rhinitis (OR 7.15; 95% ClI

Prevalence (%) of respiratory symptoms and conditions in the general population and among subjects having

physician-diagnosed asthma with comorbid allergic rhinitis, chronic rhinitis and chronic rhinosinusitis, respectively. Difference
(p-value) by presence or absence of nasal condition, given in detail in a foot-note below the table.

Symptom or Prevalence All p-value® Asthma p-valued Asthma p-value® Asthma p-value’ Asthma p-value?
condition in general asthma with with with free
population® allergic chronic chronic from
rhinitis rhinitis rhinosinusitis rhinitis®
Attacks of SOB 9.5 60.2 <0.001 64.2 <0.001 68.7 <0.001 75.4 <0.001 47.0 <0.001
Current use of 8.6 69.4 <0.001 72.9 <0.001 75.8 <0.001 78.5 0.017 58.2 <0.001
asthma
medication
Any wheeze 16.6 61.1 <0.001 65.0 <0.001 71.6 <0.001 79.2 <0.001 49.2 <0.001
Waking with 9.1 32.4 <0.001 35.3 0.001 42.1 <0.001 60.0 <0.001 22.3 <0.001
tight chest
Recurrent 6.8 32.2 <0.001 32.2 0.95 45.7 <0.001 52.3 <0.001 24.2 <0.001
wheeze
Longstanding 11.4 29.7 <0.001 29.8 091 37.9 <0.001 50.8 <0.001 22.6 <0.001
cough
Sputum 13.3 39.1 <0.001 39.2 0.96 55.2 <0.001 66.9 <0.001 29.3 <0.001
production
Chronic 6.1 20.6 <0.001 19.5 0.15 30.8 <0.001 44.6 <0.001 16.8 0.038
productive
cough
Dyspnoea grade 3 6.6 21.2 <0.001 19.3 0.018 28.4 <0.001 42.3 <0.001 20.7 0.83
(MRC dyspnoea
index)

2 Lotvall et al.??

b Subjects without allergic rhinitis, chronic rhinitis and chronic rhinosinusitis.
¢ Asthma vs. not asthma.

4 Asthma with allergic rhinitis vs. asthma without allergic rhinitis.

€ Asthma with chronic rhinitis vs. asthma without chronic rhinitis.

f Asthma with chronic rhinosinusitis vs. asthma without chronic rhinosinusitis.
¢ Asthma free from rhinitis vs. asthma with any rhinitis.
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Table 3 Characteristics of physician-diagnosed asthma with comorbid allergic rhinitis, chronic rhinitis and chronic rhinosinusitis, respectively. Difference (p-value) by
presence or absence of nasal condition.
Symptom or General All asthma p-value? Asthma p-value® Asthma p-value® Asthma with p-value?
condition population with allergic with chronic chronic
rhinitis rhinitis rhinosinusitis
Mean age 45.3 (£16.2) 43.4 (£16.1) <0.001 41.6 (£15.0) <0.001 42.7 (£16.1) 0.14 44.3 (£14.2) 0.45
(years, SD)
Mean body 25.1 (+4.3) 25.9 (+5.0) <0.001 25.7 (£5.1) 0.14 26.3 (+5.2) 0.011 27.5 (+6.4) <0.001
mass index (SD)
Mean age (years) 21.9 (£18.0) 22.0 (£18.1) 0.51 20.3 (£16.8) <0.001 22.9 (£18.5) 0.47 24.3 (£18.2) 0.20
of asthma
diagnosis (SD)
Female gender (%) 54.7 60.0 <0.001 60.0 1.00 62.1 0.20 67.7 0.075
Family history 18.0 39.5 <0.001 43.1 <0.001 43.2 0.021 43.4 0.38
of asthma (%)
Family history 28.7 50.2 <0.001 62.7 <0.001 56.0 <0.001 59.0 0.053
of allergy (%)
Level of education: 38.9 20.8 0.13 17.0 <0.001 21.0 0.90 20.8 1.00
primary (%)
secondary (%) 38.4 39.3 0.18 39.2 0.91 43.3 0.011 47.7 0.049
higher (%) 22.8 38.1 0.96 42.4 <0.001 34.0 0.009 29.2 0.030
Current smoking (%) 16.8 16.7 1.00 15.5 0.105 18.3 0.22 28.0 0.001
Water damage at home (%) 13.2 15.2 0.022 16.0 0.26 18.6 0.003 24.8 0.003
Visible mould at home (%) 8.2 11.4 <0.001 12.0 0.31 13.7 0.030 18.8 0.012
Occupational exposure 22.2 28.3 <0.001 28.6 0.81 35.7 <0.001 42.3 <0.001
to dust, gases or
fumes (%)
Farm childhood (%) 14.3 11.7 0.002 11.5 0.8 12.3 0.56 15.5 0.15
Urban living 68.5 67.6 0.45 68.5 0.33 71.2 0.018 73.1 0.17

(>10 000 inh.) (%)

2 Asthma vs. not asthma.

b Asthma with allergic rhinitis vs. asthma without allergic rhinitis.
¢ Asthma with chronic rhinitis vs. asthma without chronic rhinitis.
d Asthma with chronic rhinosinusitis vs. asthma without chronic rhinosinusitis.
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Table 4 Risk factors (OR and 95% confidence interval, Cl) for physician-diagnosed asthma, asthma with allergic rhinitis, asthma with chronic rhinitis, asthma with chronic
rhinosinusitis and asthma without rhinitis by multiple logistic regression analysis. Statistically significant associations are presented in bold figures.

Independent variables

Dependent variables

Variables

Categories

All asthma

Asthma
with allergic
rhinitis

Asthma
with chronic
rhinitis

Asthma
with chronic
rhinosinusitis

Asthma free
from rhinitis®

OR? (95% Cl)

OR? (95% Cl)

OR? (95% Cl)

OR? (95% Cl)

OR® (95% Cl)

Sex
Family
history

Age

Level of
education

Smoking

Degree of
urbanisation

Water damage
at home
Visible mould
Occupational
exposure
Farm childhood

Women (reference: men)
Asthma

Allergic rhinitis

Both

61—75 years

46—60 years

31—45 years

16—30 years

Primary education

Secondary education

Higher education

Non smoker

Ex-smoker

Light-moderate smoker

Heavy smoker

Rural areas (<500 inh.)

Small towns (500 — 10000 inh.)
Mid-sized towns (>10 000 inh.)
Gothenburg (700 000 inh.)

Yes (reference: no)

Yes (reference: no)
Yes (reference: no)

Yes (reference: no)

1.19 (1.05—1.34)
2.13 (1.71-2.64)
1.74 (1.49—2.02)
4.34 (3.73-5.04)
1

0.90 (0.75—1.07)
0.99 (0.82—1.19)
1.11 (0.92—1.34)
1

0.98 (0.83—1.16)
0.97 (0.82—1.15)
1

1.29 (1.12—1.48)
0.93 (0.77—-1.12)
0.97 (0.82—1.31)
1

1.10 (0.90—1.35)
0.96 (0.78—1.17)
0.88 (0.99—1.19)
1.02 (0.86—1.21)

1.29 (1.06—1.57)
1.43 (1.25-1.64)

0.81 (0.67—0.97)

1.13 (0.98—1.31)
1.87 (1.37—2.55)
2.71 (2.26—3.25)
7.15 (5.99—8.53)
1

1.05 (0.83—1.33)
1.26 (0.99—1.60)
1.25 (0.97—1.60)
1

1.04 (0.84—1.30)
1.15 (0.92—1.43)
1

1.33 (1.12—1.58)
0.90 (0.71—1.13)
0.88 (0.60—1.29)
1

1.09 (0.84—1.41)
1.00 (0.78—1.29)
0.99 (0.79—1.25)
1.06 (0.87—1.30)

1.27 (1.01-1.61)
1.44 (1.22—1.70)

0.90 (0.71-1.12)

1.32 (1.10—-1.59)
1.95 (1.36—2.78)
1.99 (1.57—2.51)
4.59 (3.67—5.74)
1

0.98 (0.74—1.29)
1.02 (0.76—1.37)
1.18 (0.88—1.60)
1

0.98 (0.76—1.37)
0.81 (0.62—1.05)
1

1.28 (1.03—1.58)
0.92 (0.70—1.22)
1.01 (0.65—1.57)
1

1.05 (0.75—1.47)
1.23 (0.90—1.68)
1.20 (0.90—1.61)
1.27 (1.00—1.62)

1.34 (1.01-1.78)
1.94 (1.59—2.35)

0.91 (0.69—1.20)

1.69 (1.12—2.55)
0.96 (0.35—2.68)
2.04 (1.24—3.34)
4.48 (2.81-7.15)
1

1.00 (0.55—1.81)
1.15 (0.62—2.11)
0.61 (0.30—1.22)
1

1.43 (0.83—2.47)
0.84 (0.46—1.53)
1

1.18 (0.74—1.90)
1.30 (0.74—2.26)
1.97 (0.97—3.98)
1

1.14 (0.55—2.36)
1.45 (0.74—2.84)
1.41 (0.75—2.65)
1.82 (1.14—2.90)

1.72 (1.02—2.94)
2.32 (1.54—3.48)

1.34 (0.79—2.27)

1.18 (0.94—1.48)
2.23 (1.59—3.14)
0.57 (0.40—0.83)
1.17 (0.82—1.67)
1

0.80 (0.59—1.10)
0.76 (0.54—1.07)
1.05 (0.74—1.49)
1

0.89 (0.66—1.20)
0.83 (0.61—1.14)
1

1.23 (0.94—1.60)
1.03 (0.73—1.45)
1.07 (0.61—1.87)
1

1.07 (0.74—1.55)
0.74 (0.50—1.07)
0.87 (0.62—1.22)
0.78 (0.55—1.10)

1.23 (0.85—1.80)
1.34 (1.04—1.71)

0.80 (0.58—1.10)

2 Adjusted for all listed independent variables.

b Asthma subjects without allergic rhinitis, chronic rhinitis and chronic rhinosinusitis.
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5.99—8.53). Occupational exposure to gas, dust and fumes
yielded higher ORs for asthma with chronic rhinosinusitis
(OR 2.32; 95% Cl 1.54—3.48) and chronic rhinitis (OR 1.94;
95% Cl 1.59—2.35), respectively, than for asthma with
allergic rhinitis (OR 1.44; 95% Cl 1.22—1.70). Visible mould
at home was significantly associated with all combinations
of asthma and nasal comorbidities (OR 1.27—1.72), whereas
water damage at home was associated only with asthma
with chronic rhinosinusitis (OR 1.82; 95% Cl 1.14—2.90). Ex-
smoking was a weak but statistically significant risk factor
for asthma with allergic rhinitis (OR 1.33; 95% Cl 1.12—1.58)
and asthma with chronic rhinitis (OR 1.28; 95% ClI
1.03—1.58). Heavy smoking yielded a high OR, 1.97, for
asthma with chronic rhinosinusitis, but confidence intervals
were wide. Female gender was associated with asthma with
chronic rhinitis (OR 1.32; 95% Cl 1.10—1.59) and chronic
rhinosinusitis (OR 1.69; 95% CI 1.12—2.55), but not asthma
with allergic rhinitis.

Several interaction analyses were performed and
a number of additive effects between risk factors of asthma
and rhinitis were found. The interactions between occu-
pational exposure and smoking (A) and that between
smoking and gender (B) on the risk for asthma with chronic
rhinosinusitis are presented in Fig. 4. Some risk factors of
asthma and rhinitis were age dependent (Table 5). Farm
childhood was a protective factor for physician-diagnosed
asthma in young adults, but not in middle age or elderly.
Interestingly, the same exposure was a risk factor for
asthma with chronic rhinosinusitis in young adults, however
not in middle aged or elderly.

Discussion

Extensive comorbidity was found between asthma, allergic
rhinitis, chronic rhinitis and chronic rhinosinusitis. Preva-
lence of asthma increased with increasing number of nasal
symptoms, and prevalence of all nasal comorbidities
increased with increasing lower respiratory symptoms, all in
a dose—response manner. Furthermore, the symptom
expression and risk factor pattern of asthma differed

A -
OE- 8- |

OE- S+ e

e N

considerably between asthma subjects with allergic rhinitis,
chronic rhinitis, chronic rhinosinusitis and those free from
rhinitis, suggesting that nasal comorbidities may be markers
of different disease phenotypes of asthma. All this adds to
the knowledge about the link between asthma and rhinitis.

Population-based studies on the comorbidity of asthma
and rhinitis are few, 276 and most of them focus on asthma
and allergic rhinitis without considering upper and lower
respiratory symptoms. In the current study, prevalence of
allergic rhinitis in asthma was 64% and prevalence of
asthma in allergic rhinitis 20%. These findings are well in
agreement with results from a large European multi-centre
study'® which found a prevalence of rhinitis in asthma of
50—77% and of asthma in rhinitis of 8—23%. We found
considerable overlap also between asthma and chronic
rhinitis, which is consistent with previous findings.'®

There are no previous published population-based
studies on the comorbidity of asthma and chronic rhinosi-
nusitis. Some clinical studies have suggested that >50% of
patients with chronic rhinosinusitis have comorbid
asthma.'” We found that 24% of subjects with chronic rhi-
nosinusitis had physician-diagnosed asthma. Our result is in
line with a Belgian study on a small selection of patients
with chronic rhinosinusitis, using objective methods in
assessing chronic rhinosinusitis and asthma, which demon-
strated comorbid asthma also in 24% of patients with
chronic rhinosinusitis.3? Sinonasal symptoms are frequently
reported in asthma patients,**34 and in severe asthmatics
24% has been found to have extensive sinus disease.>* We
found that in unselected asthma subjects including mild
asthma from the general population, 8.4% had comorbid
chronic rhinosinusitis.

There is a common clinical observation that nasal
comorbidities are associated not only with prevalence of
asthma, but also with disease severity.3#3> Asthma severity
is difficult to measure in questionnaire studies, but the
burden of lower respiratory symptoms could serve as
a proxy for severity. We found that asthma subjects with
chronic rhinosinusitis reported considerably more lower
respiratory symptoms than those with allergic rhinitis as
well as those without nasal comorbidities.

B -
S-M I

S+M

0 2 4 6 0 2 4 6
Odds ratio Odds ratio
Fig. 4 Risk of asthma with chronic rhinosinusitis depending on A: occupational exposure (OE) and smoking (S) and B: smoking (S)
and sex (W = women; M = men). + = exposure present; - = exposure absent. OR and 95% Cl with unexposed non-smokers (A) and

non-smoking men (B), respectively, as reference = 1. All odds ratios were also adjusted for age, visible mould at home, water
damage at home, farm childhood, degree of urbanisation and level of education.
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Table 5

Age dependent risk (OR and 95% confidence interval, Cl) for physician-diagnosed asthma, asthma with allergic rhinitis

and asthma with chronic rhinosinusitis by multiple logistic regression analysis. Statistically significant associations are presented

in bold figures.

All asthma

Asthma
with allergic
rhinitis

Asthma
with chronic
rhinosinusitis

OR® (95% Cl)

OR? (95% Cl)

OR? (95% Cl)

Age and farm
childhood (F)

Age and occupational
exposure (OE)

Age and sex (M = men;
W = women)

Age and ex-smoking
(ES)

Farm- 16—45 years

Farm+ 16—45 years

Farm- 46—75 years

Farm+ 46-75 years

OE- 16-45 years
OE+ 16—45 years
OE- 46-75 years
OE+ 4675 years
M 16—45 years

W 16—45 years

M 46—75 years

W 46—75 years
ES- 16—45 years
ES+ 16-45 years
ES- 46—75 years
ES+ 46—75 years

1.38 (1.02—1.89)
0.72 (0.53—0.98)
1.14 (0.91—1.43)
0.88 (0.70—1.10)
0.81 (0.68—0.97)
1.23 (1.03—1.48)
0.59 (0.49—0.72)
1.69 (1.38-2.05)
0.90 (0.77—1.05)
1.11 (0.95—1.30)
0.76 (0.63—0.91)
1.32 (1.10—1.59)
0.89 (0.72—1.10)
1.13 (0.91—1.39)
0.71 (0.60—0.85)
1.41 (1.18—1.68)

1.40 (0.96—2.04)
0.71 (0.49—1.04)
0.93 (0.70—1.25)
1.07 (0.80—1.43)
0.82 (0.67—1.02)
1.21 (0.98—1.50)
0.53 (0.41—0.69)
1.87 (1.44—2.42)
1.01 (0.84—1.21)
0.99 (0.82—1.19)
0.70 (0.55—0.89)
1.44 (1.12—1.83)
0.73 (0.58—0.93)
1.37 (1.08—1.74)
0.73 (0.58—0.92)
1.36 (1.08—1.72)

0.46 (0.22—0.96)
2.15 (1.04—4.45)
1.17 (0.56—2.48)
0.85 (0.40—1.79)
0.69 (0.39—1.22)
1.44 (0.82—2.55)
0.22 (0.12—0.41)
4.50 (2.46—8.24)
0.56 (0.32—0.97)
1.80 (1.03—3.14)
0.58 (0.31—1.07)
1.73 (0.94—3.19)
0.64 (0.34—1.19)
1.57 (0.80—3.07)
1.23 (0.67—2.28)
0.81 (0.44—1.50)

a

Adjusted for farm childhood, occupational exposure, sex, ex-smoking, water damage at home, visible mould at home, degree of

urbanisation, level of education, family history of asthma and family history of allergy.

Data on the symptom expression of asthma with
different nasal comorbidities has not been published or
studied previously. We found that asthma subjects with
comorbid allergic rhinitis had a higher prevalence of
symptoms common in asthma, but not symptoms of bron-
chitis, whereas asthma subjects with chronic rhinitis and
chronic rhinosinusitis, respectively, had a considerably
higher prevalence of all investigated respiratory symptoms.
Consistently, asthma subjects without rhinitis reported
considerably less respiratory symptoms. Thus, we identi-
fied the presence of chronic nasal symptoms as a marker
for a highly symptomatic phenotype of asthma, including
both symptoms common in asthma and symptoms of
bronchitis.

In previous studies we have presented risk factors for
allergic rhinitis and asthma separately.??2® In the present
study, we calculated risk factors for combinations of
asthma and rhinitis. As was found for asthma,?? family
history of asthma was a strong risk factor for comorbid
asthma and rhinitis. Furthermore, female gender was
associated with a higher risk of asthma with chronic rhinitis
and chronic rhinosinusitis, but not asthma with allergic
rhinitis. In agreement with studies on asthma,'?%%:3¢ ex-
smoking was a risk factor for asthma with comorbid
rhinitis. However, farm childhood and degree of urbanisa-
tion were not associated with combined asthma and
rhinitis, in contrast to what was found for allergic rhinitis?>
and in asthma in the adolescence.?® Associations with
a number of environmental exposures including occupa-
tional exposure to dust, gases and fumes, visible mould at
home, water damage at home and current smoking were
apparently stronger for asthma with chronic rhinosinusitis
than for other asthma outcomes. However, the size of the

group with chronic rhinosinusitis and asthma was small and
all associations did not reach significance in the multiple
regression model.

Interaction analyses yielded a number of additive
effects between risk factors of asthma and rhinitis and
various risk factors were age dependent. In the young, farm
childhood was a risk factor for asthma with chronic rhino-
sinusitis and a protective factor for physician-diagnosed
asthma. These findings further support the view of asthma
as a syndrome with multiple aetiologies.

The present study benefits from its population-based
design, large scale and wide age span. A study of non-
response confirmed the study sample as being highly
representative for the studied areas.?* Further strengths
are the use of well-defined and validated questions. A
consensus in how to define chronic rhinosinusitis in epide-
miological research has long been lacking. Our definition of
chronic rhinosinusitis was based on the EP30S recommen-
dations,'” but we required at a minimum three out of four
symptoms in order to avoid extensive overlap with the
group of chronic rhinitis. The study was of a cross-sectional
design, which means that risk factor analyses need to be
interpreted with caution. Other limitations are those
inherent in questionnaire-based studies, i.e. the lack of
objective measurements. However, preliminary results
from an ongoing clinical follow-up confirmed that the great
majority of those reporting allergic rhinitis were sensitised
to at least one common airborne allergen. Furthermore,
almost all (i.e. >99%) subjects with allergic rhinitis also
reported current symptoms of rhinitis, confirming the val-
idity of the question. The question on physician-diagnosed
asthma has been confirmed as being highly specific for
asthma while sensitivity is somewhat lower.3”>38

Please cite this article in press as: Eriksson J, et al., Rhinitis phenotypes correlate with different symptom presentation and risk factor
patterns of asthma, Respiratory Medicine (2011), doi:10.1016/j.rmed.2011.06.004
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In summary, our results further expand the knowledge
about the link between asthma and nasal comorbidities in
adults. Symptom characteristics and risk factor patterns of
asthma differed substantially with different nasal comor-
bidities, suggesting that nasal comorbidities may reflect
different disease phenotypes of asthma.
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