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ABSTRACT

Background: Bronchial asthma (BA) and allergic rhinitis (AR) are thought to share a common pathogenesis.
However, reports concerning the comorbidity of the two diseases in a large-scaled population are rare in Ja-
pan. In the present study, we performed an analysis on the two diseases using questionnaires that addressed
the diagnosis, symptoms and period of occurrence in more than 10,000 patients with BA or AR.

Methods: Patients with BA (adult: n = 2,781, childhood: n = 3,283) and AR (n = 3,945) were enrolled in the
present study during the 3 months from August 1, 2006 to October 31, 2006.

Results: Sixty one percent of the patients with adult BA showed symptoms of AR. Among them, 68% of the
patients were diagnosed with AR. Among the patients with childhood BA, 68% showed AR symptoms and 60%
were diagnosed with AR. On the other hand, 49% of AR patients showed BA symptoms and 35% of them were
diagnosed with BA. The symptoms of both BA and AR in the BA and AR patients were frequent in two seasons,
March and April, and September and October. In addition, BA and AR symptoms often co-occurred in the pa-
tients with BA and AR.

Conclusions: Comorbidity of BA and AR was high in both populations of BA and AR. The symptoms of both
BA and AR co-occurred on both a daily and seasonal basis. These results suggested that BA and AR share a
common immuno-pathogenesis in the airway and need to be treated as a single airway disease.
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Table 1 The ratio of the subjects with AR symptoms in BA patients and BA symptoms in AR patients

Number of cases With syms Without complications Not answered
Adult asthma 2,781 1,693 (60.8%)* 1,044 (37.5%) 44 (1.6%)
Childhood asthma 3,283 2,238 (68.2%)* * 1,035 (31.5%) 10 (0.3%)
Allergic rhinitis 3,945 1,935 (49.0%) 2,010 (51.0%) —

The following questions to the patients with adult BA, childhood BA and AR;
1) Question to BA patients: Have you had an experience in which symptoms such as sneezing, runny nose and stuffy nose developed

repeatedly when you did not have a cold?

2) Question to AR: Have you had an experience in which asthma-like symptoms such as a wheezing sound, cough, sputum, and
exercise-induced breathing difficulty developed repeatedly when you did not have a cold?

#; The complications mean AR symptoms in BA patients and BA symptoms in AR patients.

* Adult asthma vs Allergic rhinitis, p < 0.001, **Childhood asthma vs Allergic rhinitis, p < 0.001 by %2 analysis.

INTRODUCTION

The high comorbidity of bronchial asthma (BA) and
allergic rhinitis (AR) has been reported.1> Since Th2
lymphocytes, mast cells and eosinophils are known to
infiltrate the mucosal layer of the upper and lower air-
ways of these two diseases, they have been thought
to share a common pathogenesis.6.7 Inhalant aller-
gens common to BA and AR have been also evalu-
ated.5

Recently, BA and AR have come to be considered
as “one airway disease” and therapeutic strategies
have been considered consistent with this concept.8

To date, epidemiological studies on the comorbid-
ity of BA and AR have been reported globally. Gre-
isner, et al. reported that among college students in
the US, 85.7% of patients with BA had a history of AR.
On the other hand, the frequency of asthma was
16.2% among individuals with rhinitis in a European
population.> There have been few reports on the
comorbidity of BA and AR in a large Japanese popula-
tion. The present study examined more than 10,000
patients, including patients with adult BA, child BA
and AR, in the same period in the Tohoku district of
Japan.

METHODS

Subjects: The subjects enrolled in the present study
were patients who visited private medical offices, pub-
lic hospitals and university hospitals during the 3
month period from August 1, 2006 to October 31,
2006, in the Tohoku district of Japan. The patients
with BA (# = 2,781) were diagnosed by internal medi-
cine physicians according to ATS guidelines. The pa-
tients with childhood BA (# = 3,283) who were less
than the age of 16 years were diagnosed by pediatri-
cians according to the Japanese Pediatric Guideline
for the Treatment and Management of Asthma 2005.9
The patients with AR (z = 3,945) who included both
children and adults were diagnosed by otolaryngolo-
gists according to Practical Guideline for the Man-
agement of Allergic Rhinitis in Japan.10

Questionnaire: The patients were requested to an-

swer a questionnaire based on the following ques-
tions: for patients with adult BA and child BA, pa-
tients were asked “Have you had an experience in
which symptoms such as sneezing, runny nose and
stuffy nose developed repeatedly when you did not
have a cold?”; “Have you been diagnosed with peren-
nial allergic rhinitis or seasonal allergic rhinitis?”;
“Do you have symptoms such as sneezing, runny
nose and stuffy nose when asthma is aggravated?”;
“In which months do you have symptoms such as
sneezing, runny nose and stuffy nose?”; and “In
which months do you have aggravated symptoms of
asthma?”. In these questionnaires, the patients could
answer “all year” when they had the symptoms per-
ennially. For patients with AR, patients were asked:
“Have you had an experience in which asthma-like
symptoms such as a wheezing sound, cough, sputum,
and exercise-induced breathing difficulty developed
repeatedly when you did not have a cold?”; “Have you
been diagnosed with asthma?”; “Do you have asthma-
like symptoms when allergic rhinitis is aggravated?”;
“In which months do you have symptoms such as
sneezing, runny nose and stuffy nose?”; and “In
which months do you develop asthma-like symp-
toms?”. In the patients with childhood BA, the moth-
ers or adult attendants answered the questions if the
patients seemed unable to understand the question-
naire.

Statistics: Data in the present study were analyzed
by McNemar Analysis and 2 analysis.

RESULTS

COMORBIDITY OF BA AND AR
Among the patients with adult BA (z = 2,781), 60.8%
answered that they had had symptoms of AR (Table
1). Among the adult BA patients with AR symptoms
(n =1,693), 68.2% were diagnosed with AR (Table 2).
Among patients with childhood BA ( = 3,283),
68.2% answered that they had had symptoms of AR
(Table 1). Among the childhood BA patients with the
AR symptoms (z = 1,335), 59.7% were diagnosed with
AR (Table 2).
On the other hand, among patients with AR (n =
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Table 2 The ratio of the subjects diagnosed as AR in BA patients with AR symptoms and BA in AR patients with BA symptoms

Number of cases

Adult asthma 1,693
Childhood asthma 2,238
Allergic rhinitis 1,935

Diagnosed Not diagnosed Not answered
1,155 (68.2%) * 509 (30.1%) 29 (1.7%)
1,335 (59.7%) * * 873 (39.0%) 30 (1.3%)

674 (34.8%) 1,219 (63.0%) 42 (2.2%)

The following questions to the patients with adult BA, childhood BA and AR,;

1) Question to asthma patients: Have you been diagnosed with perennial allergic rhinitis or seasonal allergic rhinitis?
2) Question to patients with allergic rhinitis: Have you been diagnosed with asthma?

*Adult asthma vs Allergic rhinitis, p<0.001, **Childhood asthma vs Allergic rhinitis, p<0.001 by %2 analysis.

Table 3 The ratio of the subjects who aggravated both AR and BA symptoms in BA patients with AR symptoms and AR pa-

tients with BA symptoms

Number of cases Aggravated Not aggravated Not answered
Adult asthma 1,693 886 (52.3%)* 769 (45.4%) 38 (2.2%)
Childhood asthma 2,238 1,391 (62.2%) * * 810 (36.2%) 37 (1.7%)
Allergic rhinitis 1,935 1,449 (74.9%) 402 (20.8%) 84 (4.3%)

The following questions to the patients with adult BA, childhood BA and AR;

1) Question to asthma patients: Do you have symptoms such as sneezing, runny nose and stuffy nose when asthma is aggravated?
2) Question to patients with allergic rhinitis: Do you have asthma-like symptoms when allergic rhinitis is aggravated?

*Adult asthma vs Allergic rhinitis, p < 0.001, **Childhood asthma vs Allergic rhinitis, p < 0.001 by 2 analysis.

3,945), 49% answered that they had ever had symp-
toms of BA (Table 1). Among AR patients with BA
symptoms (z = 1,935), 34.8% had been diagnosed
with BA (Table 2).

The ratios of subjects with AR symptoms among
both adult and childhood BA patients were signifi-
cantly higher than that of subjects with BA symptoms
among AR patients. In addition, the ratios of subjects
diagnosed with AR among both adult and childhood
BA patients were significantly higher than that of sub-
jects diagnosed with BA among AR patients. In the
current study, the complications of AR in adult and
child BA patients, and BA in AR patients were diag-
nosed according to the questionnaire.

CO-OCCURRENCE OF THE SYMPTOMS OF BA
AND AR

Among patients with adult BA (» = 1,693), 52.3%
showed AR symptoms when their BA symptoms were
aggravated. Sixty two percent of the patients with
childhood BA (# = 2,238) also showed AR symptoms
when their BA symptoms were aggravated.

On the other hand, among patients with AR (# =
1,935), 74.9% showed BA symptoms when their AR
symptoms were aggravated.

The ratios of subjects with both aggravated AR and
BA symptoms among both adult and childhood BA
patients were significantly lower than that of those
among AR patients (Table 3).
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FREQUENCY OF SYMPTOMS OF BA AND AR
Among patients with adult BA, symptoms of BA oc-
curred frequently in spring (March and April) and
autumn (September and October). These two peaks
in the frequency of symptoms were statistically sig-
nificant compared with the month with the lowest fre-
quency. Among those patients, the symptoms of AR
occurred frequently in two seasons such as March
and April, and September and October, the same as
with the BA symptoms (Fig. 1). The two peaks of AR
symptoms among the adult BA patients were also sig-
nificant. The ratio of the adult BA patients with peren-
nial symptoms of BA was 13.6% and 33.7% of these
showed perennial symptoms of AR.

Among the patients with childhood BA (z = 2,238),
the symptoms of BA also occurred frequently in
spring and autumn, similar to those of adult BA (Fig.
2). Among these, the symptoms of AR occurred fre-
quently in two seasons such as March and April, and
September and October, similar to that seen in the
adult BA patients (Fig. 2). The two peaks of AR symp-
toms in the childhood BA patients were also seen in
two seasons such as March and April, and September
and October. Among the child BA patients, 5.9%
showed perennial symptoms of BA and 30.2% of these
showed perennial symptoms of AR.

On the other hand, in the AR patients, AR symp-
toms occurred frequently also in spring and autumn,
similar to those of adult BA and childhood BA pa-
tients. In the same periods, the BA symptoms in the
AR patients also occurred frequently, and the two



Yamauchi K et al.

[] Symptoms of allergic rhinitis

(%) Il Asthma-like symptoms
50 * *
[ | | (n=1693)
% %
I "1
40
*P < 0.001
—| McNemar test
30

20 —|

10

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Fig. 1 Frequency of BA and AR symptoms in adult BA patients. The following questions
were given to the adult BA patients who repeatedly developed symptoms of sneezing,
runny nose or stuffy nose without having a cold: 1) In which months do you have symp-
toms such as sneezing, runny nose and stuffy nose?; 2) Do you have aggravated symp-
toms of asthma in specific months?
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Fig. 2 Frequency of BA and AR symptoms in childhood BA patients. The following ques-
tions were given to the childhood BA patients who repeatedly developed symptoms of
sneezing, runny nose or stuffy nose without having a cold: 1) In which months do you
have symptoms such as sneezing, runny nose and stuffy nose?; 2) Do you have aggra-
vated symptoms of asthma in specific months?

peaks of frequency were significantly high (Fig. 3).

Thirty five percent of the AR patients showed peren- DISCUSSION
nial symptoms of AR and 23.7% of these showed per- The present study confirmed the high comorbidity of
ennial symptoms of BA. BA and AR. The symptoms of BA and AR frequently

occurred in the same periods such as spring and
autumn. The co-occurrence of the symptoms of the
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Fig. 3 Frequency of BA and AR symptoms in AR patients. The following questions were
given to patients with AR who repeatedly developed asthma-like symptoms without hav-
ing a cold: 1) Do you have aggravated symptoms of allergic rhinitis in specific months?; 2)
In which months do you develop asthma-like symptoms?

two diseases was demonstrated. These results tend to
confirm that AR and BA share common pathogenesis
in the upper and lower airway.

Based on the AR symptoms, the ratio of comorbid-
ity of AR was suggested to be 60.8% among the pa-
tients with adult BA and 68.2% among those with
childhood BA. Greisner et al. reported that 85.7% of
patients with BA had a history of AR in the US.! Soler
et al. reported that 63.4% of the patients with asthma
(n = 546) had seasonal AR and 77.3% of these had per-
ennial AR.11 Linneberg et al. reported that 89-100% of
patients with allergic BA (z = 734) had allergic rhini-
tis in Denmark.5> These reported ratios of comorbidity
of AR in subjects with BA were higher than those in
our study. In the study by Linneberg et al., the ratio
of comorbidity of AR was based on pollen-sensitized
allergic asthma. In the present study, the adult BA
population included both atopic and non-atopic BA.
The comorbidity with AR is thought to be less fre-
quent among non-atopic BA subjects compared to
those with atopic BA.4 The ratio of comorbidity of AR
among BA subjects may, therefore, depend on the ra-
tio of atopic BA patients in the population. Masuda et
al. reported that 77.7% of 130 children with asthma
(ages 2 through 10) had co-existing AR based on ob-
jective findings in a Japanese population.l? Our data
showed a slightly lower ratio of comorbidity of AR
(68.2%) in patients with childhood BA. In this case,
the difference in the ratio of comorbidity may be
caused by the age of the subjects and by the way of
diagnosing AR. In the present study, the ratio of
comorbidity of BA in AR patients (49.0%) was lower
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that of AR in BA patients (60.8% in adult BA patients,
68.2% in childhood BA patients). However, we have
no data concerning the allergic disposition of the BA
patients in the current study. Mullarkey et al. re-
ported that 58.8% of patients with AR had histories or
findings consistent with asthma.2 Globally, the popu-
lation size of AR seemed larger than that of BA. In ad-
dition, AR from cedar pollen occupies a dominant po-
sition in Japan.13-15 However, Japanese cedar pollen is
not thought to be closely associated with BA com-
pared to other allergens, such as orchard glass, rag-
weed, or mite.16 This may account for the fact that
the ratio of the comorbidity of BA in AR patients ap-
peared to be lower than that of AR in BA patients.
However, we have no data to specify the AR patients
with Japanese cedar pollen in the current study. This
study was performed based on a questionnaire in a
large population. Therefore, the diagnosis of AR in
adult and child BA patients, and BA in AR patients
may have some limitations. However, we believe that
the obtained results including comorbidity of BA and
AR have some meaning.

The present study demonstrated that there were
two seasonal peaks of frequency of both AR and BA
symptoms, in spring and autumn among both the
adult and the childhood BA patients. In addition,
these two seasonal peaks in the frequency of both AR
and BA symptoms in AR patients were also evaluated.
‘We have no clear evidence to answer to the question
of why the AR and BA symptoms co-occurred in the
same two seasons in the adult BA, childhood BA and
AR patients. However, we can speculate that possible
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causes include seasonal pollen, change of tempera-
ture, change of weather, viral infection etc. Among
them, seasonal pollen are important allergens that in-
duce AR and BA symptoms in the spring and autumn.
Japanese cedar pollen is known to be a major allergen
that induces AR symptoms in the spring all over Ja-
pan. While Japanese cedar pollen is not closely asso-
ciated with BA,16 other seasonal pollen such as rag-
weed, mugwort, orchard grass, birch etc. are thought
to be common seasonal allergens associated with AR
and BA. In this context, the pollen allergens common
to AR and BA might play a role in inducing both AR
and BA symptoms in spring and autumn.

The present study also revealed that AR and BA
symptoms co-occurred both seasonably and perenni-
ally among 52.3% of adult BA, 62.0% of childhood BA
and 74.9% of AR patients by asking in the question-
naire whether AR symptoms were perennial or sea-
sonal. The common triggers including allergens as
described above were the probable causes. Beside
these, AR exacerbation has been thought to provoke
airway inflammation in the lower respiratory tract or
to induce an increase in airway hyperresponsive-
ness.1719 Qur results revealed that the ratio of AR pa-
tients with BA symptoms when patients experienced
aggravated AR was significantly higher than those of
adult and childhood BA patients with AR symptoms
when they experienced aggravated BA. These find-
ings indicate that more AR patients showed BA symp-
toms with AR exacerbation as compared with the BA
patients with AR symptoms with BA exacerbation.
These results support the idea that allergic inflamma-
tion in the upper airway influences airway hyperre-
sponsiveness in BA.1819 In addition, this result seems
to indicate that the upper airway symptoms tended to
induce the lower airway symptoms more than the
lower airway symptoms influenced the upper airway
symptoms.

Our results also revealed that BA aggravation in-
duced AR symptoms and, vice versa, AR aggravation
induced BA symptoms in BA and AR patients. It is hy-
pothesized that the inflammation in the upper airway
in AR and that in the lower airway in BA influence
each other via the systemic circulation and nervous
system.20-22 This mechanism may contribute, at least
in part, to the co-occurrence of AR and BA symptoms
both seasonally and perennially among the patients
with adult BA, child BA and AR.

In conclusion, the high comorbidity of BA and AR
was comfirmed in a large Japanese population. The
co-occurrence of the symptoms of the two diseases
suggests that AR and BA share a common pathogene-
sis and should be treated as a single airway disease.
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