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1,540 subjects, 1,073 (69.7%) were sensitized to at least 1 of 
the 7 aeroallergens. The most common allergen in AR was 
Japanese cedar pollen (89.6%, 610 of the 681 with AR) in all 
the age decades examined. The sensitization rate to mites 
was significantly higher in the younger subjects.  Conclu-

sion:  Our data suggest that the prevalence of AR between 
20 and 49 years of age has increased by nearly 10% during 
the last 10 years. Cedar pollen and mites were predominant 
allergen sources among the 7 aeroallergens in the Japanese 
population. 

 

Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis (AR), the most common type of rhi-
nitis, is a heterogeneous disorder that significantly im-
pairs the patient’s quality of life, and its prevalence has 
markedly increased in recent decades  [1, 2] . Epidemio-
logic and serological studies have provided valuable in-
formation to develop effective strategies for the preven-
tion and treatment of the disease  [3–6] . Japanese cedar 
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 Abstract 

  Background:  Allergic rhinitis (AR) is recognized as a major 
health problem worldwide, and its prevalence depends on 
the age range of the subjects. The aims of this study were to 
determine the current prevalence of AR, effects of age on 
the prevalence of IgE sensitization to inhalant allergens, and 
serum total IgE levels in Japanese subjects.  Methods:  We 
conducted a survey of 1,540 subjects between 20 and 49 
years of age in 2006 and 2007 and examined the prevalence 
of AR and sensitization to 7 common aeroallergens. We mea-
sured serum total IgE and specific IgE to 7 aeroallergens. AR 
was determined based on symptoms, predominantly in the 
nose and eyes, caused by aeroallergens as mentioned in a 
questionnaire and sensitization to any of the 7 aeroallergens 
as assessed by measurement of serum specific IgE.  Results:  
The prevalence of AR was 44.2% (681 of the 1,540 subjects) 
and there was no difference among age decades. Of the 
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pollinosis (JCP) is a common allergic disease, and the in-
crease in its prevalence is a major public health problem 
in Japan  [7] . Several epidemiologic studies have been con-
ducted on JCP  [8–11] . Sakurai et al.  [9]  reported the prev-
alence and risk factors of AR and JCP among 2,307 Japa-
nese men; the prevalence rates of AR, seasonal rhinitis 
and JCP were 35.5, 28.8 and 11.0%, respectively, in 1998. 
Kaneko et al.  [10]  conducted a meta-regression analysis 
of 38 population-based surveys in Japan. The prevalence 
of JCP among adolescents in the general population was 
estimated at 28.7% in metropolitan areas and 24.5% in 
urban areas in the year 2004. The study also reported that 
the prevalence of JCP increased 2.6-fold between 1980 
and 2000. To monitor the prevalence of sensitization is 
useful for understanding AR and developing preventive 
measures.

  In AR, an IgE-mediated response to allergens is trig-
gered and characterized by type-2-helper-T-cell-depen-
dent inflammation  [12] . Allergen-specific IgE is a critical 
factor in the mechanism of AR. Serum allergen-specific 
IgE results closely correlate to those of skin tests and na-
sal challenges. Allergen-specific IgE tests are highly spe-
cific and sensitive. One of their advantages is that drugs 
and skin diseases do not influence the measurement  [1] .

  Sensitization is an important risk factor for developing 
allergic disease  [13] . Epidemiological investigation of AR 
is important to clarify its etiology and develop appropri-
ate preventive and therapeutic techniques. There have 
been few epidemiological studies on the age effect on the 
prevalence of AR and IgE sensitization to inhalant aller-
gens, and serum total IgE levels in Japanese subjects. 
Therefore, we conducted an epidemiological study on a 
total of 1,540 subjects aged 20–49 years. The protocol 
comprised a questionnaire, measurement of total serum 
IgE antibodies and allergen-specific IgE antibodies 
against 7 aeroallergens in 2006 and 2007. The major find-
ings of this study are the prevalence of allergic sensitiza-
tion and AR, the age effect on them, and total serum IgE 
and AR, and the related age effect.

  Material and Methods 

 Study Subjects 
 A total of 1,540 subjects were recruited from residents of Ei-

heiji-cho and the cities of Fukui, and Echizen in Fukui prefecture, 
in the central Hokuriku area of Japan in May and June of both 
2006 and 2007. In that area, Japanese cedar pollen counts are at 
the average level of the islands of Honshu, Shikoku and Kyushu 
 [7] . The 1,540 subjects were workers of 4 hospitals and students of 
nursing and medical colleges in the University of Fukui. The 

number of females was higher than that of males (mean age, 32.1 
years; range, 20–49 years; male:female ratio, 1.0:   2.40; mean se-
rum IgE level, 233.8 IU/ml; median serum IgE level, 73.5 IU/ml). 
The participants were recruited during their annual health check-
up in 2006 or 2007; 13 subjects did not agree to participate in this 
survey. Reasons for nonparticipation were lack of interest or time. 
All of the 1,540 participants agreed to measurement of serum to-
tal IgE and specific IgE to 7 aeroallergens and to answer a ques-
tionnaire. Blood collection and the questionnaire survey were 
performed at the same time after informed consent was received. 
We did not conduct a follow-up survey in this study. The diagno-
sis of AR was confirmed by seasonal or perennial symptoms of 
rhinitis consisting of any combination of the following: nasal 
itching, sneezing, discharge and stuffiness caused by inhalation 
of aeroallergens, reported on a questionnaire. All of the subjects 
with AR were also positive for serum-specific IgE to 1 or more of 
the 7 aeroallergens. All individuals were unrelated Japanese indi-
viduals and gave written informed consent to participate in the 
study according to the rules of the ethics committees of the Fac-
ulty of Medical Science, University of Fukui and the Institute of 
Physical and Chemical Research (RIKEN).

  Measurement of Serum Levels of Specific IgE Antibodies 
 Specific IgEs to 7 aeroallergens,  Cryptomeria japonica ,  Der-

matophagoides pteronyssinus  (Der p),  Dermatophagoides farinae  
(Der f),  Dactylis glomerata ,  Ambrosia artemisiifolia ,  Candida al-
bicans  and  Aspergillus fumigatus  were measured with a Pharma-
cia CAP System (Pharmacia CAP, Upsala, Sweden) ( table 1 ). Al-
lergen sensitization was classified as positive if the allergen-spe-
cific serum IgE level was above 0.7 (CAP RAST score of 2). 

  Statistical Analysis 
 To clarify the age-specific prevalence of AR and sensitization 

to the 7 aeroallergens examined, patients were divided into 3 age 
groups, the 20s (20 to  ! 30 years), 30s (30 to  ! 40 years) and 40s (40 
to  ! 50 years). We then compared differences in frequencies of 
sensitization to each of the 7 aeroallergens among these age groups 
by using the Kruskal-Wallis test and then by individual testing 
using the Mann-Whitney U test if significant. Serum total IgE 
was analyzed at a quantitative level, and log-transformed indi-
vidual serum IgE levels were used in the figures. Correlations of 
total IgE levels and age were analyzed by Spearman’s test. p  !  0.05 
was considered statistically significant. Logistic regression analy-
sis was implemented for the AR and sensitization to assess the 
effects of gender, age and total serum IgE (SPSS 14.0J, SPSS, Inc., 
Chicago, Ill., USA).

  Results 

 Prevalence of Allergic Sensitization and AR 
 Positive sensitization refers to an allergen-specific se-

rum IgE level  1 0.7 (CAP RAST score of 2). The preva-
lence of allergic sensitization to each allergen tested is 
presented in  table 1 . Of the 1,540 subjects, 1,073 (69.7%) 
exhibited positive sensitization to at least 1 aeroallergen 
( fig. 1 ). A total of 467 of the 1,540 subjects (30.3%) showed 
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no sensitization to any of the 7 aeroallergens examined 
( fig. 1 ). Seven hundred subjects (45.3%) were sensitized to 
 C. japonica , (Japanese cedar, JC) pollen, thus accounting 
for 65.3% of the 1,073 subjects with positive sensitization 
to aeroallergens. Of the 1,073 subjects, 627 (58.5%) were 
sensitized to mites. Thus, JC pollen and mites were the 
two predominant aeroallergens among the 7 tested aero-
allergens ( fig. 1 ).

  Of the 1,540 participating subjects, 681 (44.2%) had 
symptoms of AR at the time of the survey ( fig. 2 ). The 
prevalence of JCP was 36.7% (566 of the 1,540 subjects) in 
this study ( fig. 2 ). The positive rates for specific IgE anti-
bodies to Japanese cedar pollen were 89.6% (610 of 681) 
in the AR group and 28.5% (245 of 859) in the no-symp-
tom group ( fig. 3 ). Of the 681 AR subjects, 167 (24.5%) 
were sensitized to only Japanese cedar pollen ( fig. 3 ). 

  Age Effect on the Prevalence of Allergic Sensitization 
and AR 
 We found significant associations between the allergic 

sensitization to the 7 aeroallergens and the age groups 
( table 1 ) (p = 0.0019 by the Kruskal-Wallis test). More 
subjects were sensitized to Japanese cedar pollen than to 
any other of the 7 tested allergens in each age group ( ta-
ble 1 ). The sensitization rates to Japanese cedar pollen 
were 59% (421 of 711 subjects), 52% (226 of 435) and 53% 
(208 of 394) for subjects in their 20s, 30s and 40s, respec-
tively. We found a significant association between sensi-
tization to Japanese cedar pollen and the age range of the 
subjects (p = 0.015 by the Mann-Whitney U test) ( table 2 ). 
The sensitization rate against mites, Der p and/or Der f, 
was higher for those in their 20s (50%, 355 of 711 sub-
jects), than for those in their 30s (41%, 179 of 435) and 40s 

Characterization 
of sensitization

Sensitization
to one or more
aeroallergens

n = 1,540

n = 1,073

0 10 20 30 40 50 60 70 80 90 100 (%)

n = 1,073
(69.7%)

n = 467
(30.3%)

n = 239
(22.3%)

n = 461
(43.0%)

n = 166
(15.5%)

n = 207
(19.3%)

Cedar only Cedar and mite Mite only Others

  Fig. 1.  The prevalence of sensitization to 7 
test aeroallergens and characterization of 
sensitization. 

0 10 20 30 40 50 60 70 80 90 100 (%)

n = 394

Total

Age 40–49

AR, cedar only
AR, cedar and others
AR, cedar negative 
Without AR symptoms

53 (13.5%) 17 (4.3%)

Without AR, 221 (56.1%)AR, 173 (43.9%)

Numbers of subjects

n = 435

107 (24.6%)

103 (26.1%)

53 (12.2%) 37 (8.5%)

Without AR, 238 (54.7%)AR, 197 (45.3%)

n = 711

160 (22.5%) 90 (12.7%) 61 (8.6%)

Without AR, 400 (56.3%)AR, 311 (43.7%)

n = 1,540

196 (12.7%)370 (24.0%) 115 (7.5%) 

Without AR, 859 (55.8%)AR, 681 (44.2%)

Age 30–39

Age 20–29

  Fig. 2.  Age effects on the prevalence of AR 
and sensitization to Japanese cedar pol-
len.  
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(29% 115 of 394), (p  !  0.001 by the Mann-Whitney U test) 
( table 2 ). The prevalence of sensitization to  D. glomerata  
was also higher in those in their 20s (28%, 198 of 711 sub-
jects) than in those in their 30s (21%, 90 of 435) and 40s 
(16%, 64 of 394) (p  !  0.001 by the Mann-Whitney U test) 

( table 2 ). AR was confirmed in 311 of the 711 subjects 
(43.7%) in their 20s, 197 of the 435 (45.3%) in their 30s 
and 173 of the 394 (43.9%) in their 40s ( fig. 2 ). There was 
no significant difference in the prevalence of AR among 
the age groups.

0 10 20 30 40 50 60 70 80 90 100 (%)

JCP only
JCP and other aeroallergens
Positive for any aeroallergens except JCP
Negative for all of the 7 aeroallergens

Subjects
without AR

Subjects
with AR

Numbers of
subjects

n = 681

n = 859

167
(24.5%)

443
(65.1%)

71
(10.4%)

467
(54.4%)

72
(8.4%)

173
(20.1%)

147
(17.1%)

  Fig. 3.  Prevalence of AR and sensitization 
to Japanese cedar pollen. 

Table 1. Prevalence of sensitization to 7 aeroallergens according to age group

Total (n = 1,540) 20s (n = 711) 30s (n = 435) 40s (n = 394)

Cryptomeria japonica 855 (56) 421 (59) 226 (52) 208 (53)
Dermatophagoides pteronyssinus 625 (41) 345 (49) 174 (40) 106 (27)
Dermatophagoides farinae 622 (40) 342 (48) 168 (39) 112 (28)
Dactylis glomerata 352 (23) 198 (28) 90 (21) 64 (16)
Ambrosia artemisiifolia 137 (9) 67 (9) 45 (10) 25 (6)
Candida albicans 82 (5) 43 (6) 24 (6) 15 (4)
Aspergillus fumigatus 34 (2) 25 (4) 8 (2) 1 (0.3)

Figures in parentheses are percentages.

Table 2. Age effects on sensitization to JCP, dust mites and Dactylis glomerata

Aeroallergen Sensitization 20s (n = 711) 30s (n = 435) 40s (n = 394) p value 

Cryptomeria japonica positive 421 (59) 226 (52) 208 (53) 0.015
negative 290 (41) 209 (48) 186 (47)

Dust mites positive 355 (50) 179 (41) 115 (29) 3.9!10–11

negative 356 (50) 256 (59) 279 (71)

Dactylis glomerata positive 198 (28) 90 (21) 64 (16) 4.8!10–6

negative 513 (72) 345 (79) 330 (84)

Figures in parentheses are percentages. p value as obtained by the Mann-Whitney U test.
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  Total Serum IgE and AR, Sensitization, and Age Effect 
 There were 304 subjects (19.7%) who had high total IgE 

levels ( 6 250 IU/ml), and the prevalence of AR in this 
group was 60.2% (183 of the 304). However, the preva-
lence of AR of subjects with normal total IgE ( ! 250 IU/
ml) was 40.3% (498 of 1,236) ( fig. 4 ).

  The serum total IgE level was analyzed at a quantita-
tive level ( fig. 5 ). The means of log 10  [total IgE (IU/ml)] 
and standard deviations of all 1,540 subjects, subjects 
without AR and subjects with AR were 1.87 [= log 10  (74.1 
IU/ml)]  8  0.65, 1.69 [= log 10  (49.0 IU/ml)]  8  0.67 and 
2.09 [= log 10  (123.0 IU/ml)]  8  0.53, respectively.

  We investigated the correlation between this level and 
age using Spearman’s rank correlation coefficient ( fig. 5 ). 

Although we could not find any significant correlation 
between the serum total IgE level and the age range of the 
1,540 subjects, an inverse correlation was found between 
the total IgE level and age in the AR group (rs = –0.21,
p  !  0.01) ( fig. 5 ). Total IgE levels were higher in younger 
subjects than in older subjects in the AR group. The re-
sults of the stepwise logistic regression analysis for posi-
tive sensitization to 1 or more of the 7 aeroallergens 
showed significant effects of total IgE (Wald statistic = 
153.5, d.f. = 1, p  !  0.001) and age (Wald statistic = 9.5,
d.f. = 1, p = 0.002), but no effect of gender. There was no 
significant effect of age, gender, or total IgE on AR by lo-
gistic regression analysis. 

  Discussion 

 Estimates of the latest prevalence provide valuable in-
formation to develop effective strategies for the preven-
tion and treatment of disease. We conducted an epide-
miologic survey of AR and examined the sensitization 
rates against 7 aeroallergens by measuring the serum-
specific IgE of 1,540 subjects aged between 20 and 49 
years in a Japanese population in 2006 and 2007. The 
population aged between 20 and 49 years represented 
38.8% of the population of Japan in 2008 according to 
current population estimates by the Ministry of Internal 
Affairs and Communications (http://www.stat.go.jp/
english/data). We also examined the role of age effects on 
the prevalence. In this study, 681 of the 1,540 subjects 
(44.2%) were diagnosed as having AR. Increases in prev-
alence of AR and asthma have been reported by studies 
of relatively large populations in the United States, Great 
Britain, Australia and New Zealand, with cross-referenc-
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Prevalence
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Serum
total IgE

n = 1,540

Total IgE <250 IU/ml Total IgE ≥250 IU/ml

n = 1,236
(80.3%)

n = 304
(19.7%)

n = 498
(40.3%)

n = 738
(59.7%)

n = 183
(60.2%)

n = 121
(39.8%)

ARAR

AR
Without AR symptoms

Numbers of subjects

n = 1,540

  Fig. 4.  Serum total IgE levels and preva-
lence of AR. 
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es to earlier relevant studies, and the recent AR preva-
lence in these studies ranged from 23 to 28%  [14] . The 
International Study of Asthma and Allergies in Child-
hood in 1997 reported that the prevalence of rhinocon-
junctivitis varied across centers from 0.8 to 14.9% in 6-to 
7-year-olds and from 1.4 to 39.7% in 13- to 14-year-olds 
 [15] . In an Aberdeen population study on 3,537 subjects, 
the prevalence of hay fever increased significantly from 
1994 (13%) to 1999 (15%)  [16] . In Japan, Sakurai et al.  [9] 
 showed that the prevalence rates of AR, seasonal rhinitis 
and JCP were 36, 29, and 11%, respectively, and age was a 
negative risk factor for all allergic conditions. The sub-
jects of the study consisted of 2,307 male railway employ-
ees who underwent a health examination from February 
to May 1995 (mean age, 41.4 years; range, 19–65 years). 
In the study, AR was determined from self-reported AR 
or from the seasonal nasal symptoms, and JCP was de-
fined as the presence of cedar-specific IgE positivity 
among subjects with seasonal rhinitis. The prevalence of 
AR in this study was 44.2% (681 of the 1,540 subjects), 
which is higher than in previous reports. However, there 
was no difference of prevalence between 20 and 49-year-
olds. Interestingly, the prevalence of AR in subjects aged 
30–39 years was 42.7% in a study conducted in 1995  [9] . 
These subjects aged 30–39 years in 1995 were 40–49 years 
old in 2005. The prevalence of AR in this study for sub-
jects from 40 to 49 years of age was 43.9%, and there was 
no difference in the prevalence between the studies. The 
prevalence among this age group did not markedly in-
crease during the last 10 years. Further etiological studies 
in independent populations or those aged less than 20 
years and elderly populations are needed to determine 
the effects of age on the susceptibility to AR. 

  In the present study, a total of 859 subjects (859/1,540, 
55.8%) had no symptoms of AR; however, among them, 
392 subjects (392/859, 45.6%) were already sensitized to 
one or more of the 7 test aeroallergens. It is generally rec-
ognized that sensitization to any allergen is an important 
risk factor for developing allergic diseases; however, those 
sensitized subjects had no symptoms of AR.

  The present study has shown that a total of 167 of 681 
subjects with AR (24.5%) were sensitized to JC pollen and 
not to the other 6 test aeroallergens. Allergen-specific im-
munotherapy is established as an effective treatment for 
patients with IgE-mediated reactions, and it has been 
widely used as a desensitizing therapy for AR  [17, 18] . Spe-
cific immunotherapy retrospectively reduces new sensi-
tization in monosensitized subjects suffering from AR 
 [19] . Subjects with monoallergen sensitization appear to 
be good candidates for immunotherapy.

  Among the 681 subjects with AR, 451 (66.2%) were 
sensitized to multiple (two or more) aeroallergens, and 
385 (56.5%) were sensitized to dust mites. Although our 
data strongly indicated an important role of JCP in AR, a 
significantly higher prevalence of sensitization to dust 
mites was observed in younger subjects. Dust mites, an 
indoor allergen, have a predominant impact on asthma, 
and a recent population-based study has shown that dust 
mite sensitization is a significant risk factor for develop-
ing the disease  [20] . Another recent study, a long-term 
(23-year) follow-up study of university students, has 
shown that sensitization to pollen leads to an increased 
risk of developing asthma  [21] . A limitation of our study 
was the lack of longitudinal data. To clarify factors that 
increased the risk of developing new AR or bronchial 
asthma, further cohort analyses should be conducted re-
garding the involvement of the sensitized allergens in air-
way allergic inflammation.

  A recent etiological study in an unselected rural Chi-
nese population tested sensitization to 14 allergens, in-
cluding 5 aeroallergens (dust mite, cockroach,  Alternaria 
tenuis , dog epithelia, and cat hair) by skin prick tests. 
2,118 subjects whose ages ranged from 11 to 71 years were 
tested (43.3% were children between 11 and 17 years old) 
 [22] . The study showed that 41.1% of the children were 
sensitized to 1 or more aeroallergens, and 36.5% of the 
adult subjects aged  6 18 years were sensitized  [22] . The 
most common sensitizing aeroallergen in the Chinese 
study was dust mites (30.6%)  [22] . In meta-analyses using 
data from 12,687 subjects aged 20–44 years in the Euro-
pean Community Respiratory Health Survey conducted 
in 2002, the highest prevalence of sensitization was found 
for the house dust mite (20.2%)  [23] . In the present study, 
of the 1,540 subjects, 1,073 (69.7%) were sensitized to at 
least 1 of the 7 aeroallergens, and 855 (55.5%) and 649 
(42.1%) were sensitized to Japanese cedar pollen and dust 
mites, respectively.

  Several limitations of this survey should be mentioned. 
The survey is likely to be fraught with a certain recruit-
ment bias. In general, individuals affected by a specific 
disease are more willing and interested in a study. How-
ever, only 13 subjects (0.84%) did not agree to participate 
in this survey whereas 1,540 subjects agreed to assays of 
serum total IgE and specific IgE for the 7 aeroallergens 
and to answer the questionnaire in the present study. 
Hospital workers, nursing and medical students might 
not be representative of the general population and there 
might have been a population selection bias with regard 
to socioeconomic status and higher education. Previous 
studies in various countries have reported an increased 
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occurrence of asthma among specific groups of health-
care workers  [24–26] . Thus, selection bias might have had 
an influence on the higher prevalence of sensitization to 
1 or more aeroallergens (69.7%) and of AR (44.2%) in our 
study. 

  Although a population selection bias might reduce the 
generalizability of the study, we showed here that the 
prevalence of AR has increased and that Japanese cedar 
pollen and dust mites were the predominant allergen 
sources among the 7 tested allergen sources in the Japa-
nese population. However, further study is needed using 
larger, more representative samples.
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