Does change of residence affect pollinosis? A study of Japanese university students
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Abstract (141/150 words)

The effects of change of residence on pollinosis symptoms remain unclear. We investigated
effects of geographical change of residence on pollinosis symptoms among university freshmen.
All freshmen (n=2,142) entering Shinshu University in 2011 completed self-administered
questionnaires. Associations between history of pollinosis and environmental factors were
assessed. Subjects were classified into three groups according to pollen count at previous
residences (stationary, low pollen and high pollen). Pollinosis both before and after relocation
were compared among and within the groups. Of the 1,558 subjects, 540 (34.7%) developed
pollinosis before, and 483 (31.0%) after entering university. The rates of pre- and
post-university entrance pollinosis were 40.0% and 32.5% in the high pollen group (P<0.001)
but were similar in the other two groups. Pollinosis symptoms decreased among students that
moved from high to low pollen areas, indicating that pollinosis was affected by geographic

environmental factors.
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Introduction

Prevalences of several allergic diseases have increased worldwide since the middle of the
twentieth century (The International Study of Asthma and Allergies in Childhood (ISAAC)
Steering Committee 1998; Eder et al. 2006; Greiner et al. 2011). These allergic diseases include
allergic rhinitis, which has a high prevalence (Strachan et al. 1997), affecting patient quality of
life (Meltzer 2001; Scadding et al. 2008) and having significant socio-economic impact
(Hellgren et al. 2010; Greiner et al. 2011). Pollinosis, caused by seasonal pollen and usually
called hay fever, is especially prevalent among patients with allergic rhinitis (Okubo et al. 2011).
The prevalence of pollinosis differs by patient age (Baba et al. 2008; Okamoto et al. 2009;
Okubo et al. 2011) and is influenced by several environmental factors, including sibling number
(Strachan 1989), farming (Braun-Fahrlander et al. 1999; von Mutius and Vercelli 2010),
occupational exposure (Gautrin et al. 1994), exposure to automobile exhaust gas
(Hazenkamp-von Arx et al. 2011), air pollution (Seaton et al. 1994), and western life-style (von
Mutius et al. 1998; Kramer et al. 2010). Furthermore, the prevalence of pollinosis is affected by
geographic environment (Smith 1971; Strachan et al. 1997; Austin et al. 1999).

These findings have suggested that the prevalence of pollinosis in a population may be altered
if the population moves to another geographic location with a different environment. For
example, immigrants who have moved were found to subsequently develop pollinosis due to
exposure and sensitization to new types of pollen (Shilkret and Lazarowitz 1953; Hughes 1958;
Fine and Abram 1960; Dervaderics et al. 2002). However, as far as the authors are aware, there
are no reports relating decrease of pollinosis symptoms to change in level of pollen exposure by
relocation.

In Japan, university freshmen customarily relocate from their home towns to the locality of



their university, often resulting in a marked change in their environment. We hypothesized that
pollinosis symptoms would not change in freshmen who moved from a low to another low
pollen area or remained within the same low pollen area, but would decrease in freshmen who
moved from a high to a low pollen area. We therefore investigated the effects of geographic and

environmental factors on pollinosis in pre- and post-university entrance students.



Materials and Methods
Study population

Subjects comprised all freshmen (n=2,142) who entered Shinshu University, Nagano
Prefecture, Japan, on 4 April 2011. The university has approximately 12,000 full-time students
among eight faculties (Agriculture, Arts, Economics, Education, Engineering, School of
Medicine, Science and Textile Science and Technology). All freshmen were enrolled at one
campus to receive general education for one year. Approximately one third of these freshmen

previously resided in Nagano Prefecture, and the others in other prefectures throughout Japan.

Questionnaire

The freshmen, divided into 20 classes of almost equal numbers were required to attend “Health
Science” lectures as part of their initial health education. This lecture was held sequentially
through 20 classes from May 2011 to February 2012. At the lecture of each class, a
self-administered questionnaire was distributed to every student at the beginning of the lecture
and collected immediately afterwards. The questionnaire items, shown in Table 1, include two
sections as below. To ensure reliability of the questionnaire, question items were adopted from
previous studies (Strachan 1989; The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee 1998; von Mutius et al. 1998; Kilpelainen et al. 2000; Svanes et

al. 2003; Shaaban et al. 2008) in which the reliability of the items had been confirmed.

Pollinosis
Japanese cedar pollinosis, defined as pollinosis in this study, is the most common form of

pollinosis in Japan (Baba et al. 2008; Okamoto et al. 2009; Okubo et al. 2011). Because the



pollen is airborne from January through May (Baba et al. 2008), all freshmen had experienced
part of this pollen season at the time of entrance into Shinshu University. The questionnaire,
based on previous reports (The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee 1998; von Mutius et al. 1998; Kilpelainen et al. 2000), contained
questions on pollinosis before moving to university: “Before enrolment, were you ever
diagnosed with pollinosis by a doctor, and if so, at what age?” The questionnaire also contained
questions on pollinosis after university entrance: “Have you had pollinosis symptoms since
university entrance in April or May?” We classified all subjects twice in accordance with pre-
and post-university entrance: first, subjects who were diagnosed with pollinosis prior to entering
university were defined as “past pollinosis”: second, all subjects were reclassified and subjects
who reported symptoms of pollinosis after university entrance were defined as “after entrance

pollinosis.”

Geographic and environmental factors

A descriptive epidemiological method was employed to assess geographic effects on pollinosis.
The most important geographic factor associated with prevalence of pollinosis was shown to be
pollen count at place of residence (Okamoto et al. 2009). A previous report shows that the
association between pollen count and pollinosis prevalence showed a dose-response relationship
(Ozasa et al. 2008). In addition, the prevalence of pollinosis in Japan, stratified into 12 districts
(Okuda 2003), was found to correspond with the pollen counts of each district (Okamoto et al.
2009). Thus, pollen count of each district was approximated with pollinosis prevalence rate in
this study. The 47 prefectures were divided into 12 districts and each district further
dichotomized into a “high pollen area” and a “low pollen area” (Figure 1) based on average

pollinosis prevalence rate (Okuda 2003). Nagano prefecture is classified as a “low pollen area.”



The university freshmen were divided into three groups based on their hometown before
university entrance: subjects from Nagano prefecture were categorized as “stationary group”,
those from other low pollen areas were placed in the “low pollen group” and subjects from high
pollen areas were classified as “high pollen group.”

The questionnaire also asked about other past environmental factors, including history of other
allergic diseases (e.g., asthma or atopy) (Shaaban et al. 2008), number of siblings in the

household (Strachan 1989) and experience with animal pets (Svanes et al. 2003).

Statistical analysis

Univariate and multivariate logistic regression models were used to estimate the association
between pollinosis and environmental factors; these associations were expressed as odds ratios
(ORs) and 95% confidence intervals (95% Cls). The Chi square test was used to compare the
pollinosis among groups and the McNemar’s test was used to assess the pollinosis within each
group before and after university entrance. Differences with P<0.05 were deemed statistically

significant. PASW 18.0 software (SPSS Inc., Chicago, IL, USA) was used for all analyses.

Ethics

Because the questionnaires were filled out voluntarily and could be answered anonymously,
with none of the responses leading to any disadvantages for the student, written informed
consent was not required. The study design and procedure were reviewed and approved by the

Committee for Medical Ethics of Shinshu University (approval number 1709).



Results

Of all 2,142 freshmen, 1,839 (85.9%) returned completed questionnaires. Because subjects in
this study were matched by birth years, all subjects >20 years old were excluded. Thus,
responses were analysed in the 1,558 subjects (72.7%) aged 18 and 19 years.

Table 1 shows the questions and answers of subjects. Of the 1,558 enrolled subjects, 983
(63.1%) were male and 573 (36.8%) were female. We found that 540 (34.7%) had been
previously diagnosed with pollinosis, the highest percentage (n=248, 45.9%) at ages 10-14 years,
whereas 483 (31.0%) experienced pollinosis after university entry. We also found that 608
subjects (39.0%) had been diagnosed with other allergic diseases and 828 (53.5%) had one
sibling. Geographically, 560 subjects (35.9%) were classified as being from Nagano prefecture
(stationary group), whereas 296 (19.0%) were from low pollen areas (low pollen group) and 680

(43.6%) from high pollen areas (high pollen group).

Association between past pollinosis and past environmental factors

Table 2 shows the association between past pollinosis and past environmental factors.
Univariate logistic regression analysis showed that past pollinosis was associated with female
gender (OR 0.802, 95%CI 0.644-0.998, P=0.048), history of other allergic diseases (OR 2.115,
95%CI 1.707-2.619, P<0.001), 2 (OR 0.627, 95%CI 0.444-0.886, P=0.008), and >3 (OR 0.516,
95%CI 0.293-0.908, P=0.022) siblings in the household, and classification into the high pollen
group (OR 1.431, 95%CI 1.131-1.810, P=0.003). Multivariate logistic regression analysis
showed that past pollinosis was associated with female gender (OR 0.791, 95%CI 0.629-0.994,
P=0.045), history of other allergic diseases (OR 2.121, 95%CI 1.704-2.640, P<0.001), 2 (OR

0.624, 95%CI 0.436-0.893, P=0.010) and >3 (OR 0.528, 95%CI 0.296-0.941, P=0.030) siblings



and classification into the high pollen group (OR 1.430, 95%CI 1.121-1.824, P=0.004).

Association between post-entrance pollinosis and past environmental factors

Table 3 shows the association between pollinosis experienced after entrance to university and
past environmental factors. Univariate and multivariate logistic regression analysis were
employed. As a result of multivariate analysis, history of other allergic diseases also showed a
significant association (OR 1.690, 95%CI 1.353-2.112, P<0.001). In addition, >3 siblings in the
household (OR 0.519, 95%CI 0.279-0.968, P=0.039) showed a significant association although
the effect was weakened. In contrast, the significant association of pollinosis with gender and

geographic factor disappeared after entrance.

Change in pollinosis following university entry

According to the change of affecting factors for pollinosis in Table 2 and Table 3, geographic
factor was focused on and the change of pollinosis proportion among geographic groups was
analysed. Prior to university entrance, the prevalence of pollinosis differed significantly among
the stationary (31.9%), low pollen (27.6%) and high pollen (40.0%) groups (Chi square test
P<0.001). This difference, however, was no longer observed following university entrance, with
pollinosis symptoms of 31.9%, 26.9% and 32.5%, respectively, in these three groups (P=0.197).
When we assessed the differences within each group (Table 4), we found no differences of
pollinosis in the pre- and post-university entry in the stationary (31.9% vs. 31.9%, P=1.000 by
McNemar’s test) and low pollen (27.6% vs. 26.9%, P=0.892) groups, but a significant reduction
in the high pollen group (40.0% vs. 32.5%, P<0.001). The OR of the effect of moving in the
latter group was 0.724 (95%CI 0.579-0.904, P=0.004). Assessments of changes in status among

individual subjects showed loss and acquisition of pollinosis in 61 and 61 subjects, respectively,



in the stationary group; in 28 and 26, respectively, in the low pollen group; and in 107 and 57,
respectively in the high pollen group.

Since both the stationary and low pollen groups were from low pollen areas, we compared the
sum of these groups with the high pollen group. The prevalence of pollinosis was significantly
lower in the summed than in the high pollen group before university entrance (30.5% vs. 40.0%
Chi square test P<0.001), but was equivalent after university entrance (30.4% vs. 32.5%,
P=0.359). Moreover, past and after entrance pollinosis were similar in the summed group

(30.5% vs. 30.4%, P=0.999 by McNemar'’s test).



Discussion

We have investigated the prevalence of past pollinosis among university freshmen, as well as
the association between pollinosis and geographic environmental factors and changes in
pollinosis symptoms after university entrance. In this study, we employed question items that
had been used to assess factors associated with pollinosis in several previous studies (Strachan
1989; The International Study of Asthma and Allergies in Childhood (ISAAC) Steering
Committee 1998; von Mutius et al. 1998; Kilpelainen et al. 2000; Svanes et al. 2003; Shaaban et
al. 2008) and further added the geographic factor. Moreover, the questionnaire was also
conducted according to the established study design. As a result, we found that past pollinosis

was associated with several environmental factors and that its symptoms changed after moving.

Study population

We found that the after entrance pollinosis among university freshmen aged 18-19 years was
31.0%, similar to the prevalence previously reported (31.4%) among the general population of
10-19 year olds in Japan (Baba et al. 2008). Although the prevalence of pollinosis in Japan is
highest in those aged 30-40 years, it increases markedly during the teen-age years (Baba et al.
2008; Okamoto et al. 2009; Okubo et al. 2011). We found that almost 50% of those with past
pollinosis had been diagnosed at ages 10-14 years, followed by those at ages 15-19 years,
resulting in an increased rate of pollinosis among teenagers. Moreover, about 80% of
individuals diagnosed with allergic rhinitis develop symptoms before age 20 years (Greiner et al.
2011), making the pollinosis survey among teenagers important.

Previous investigations of pollinosis prevalence among university students (Maternowski and

Mathews 1962; Kilpelainen et al. 2000) included subjects over a broader age range, including

10



both teenagers and those aged >20 years. To assess a more uniform population, we included
only freshmen aged 18-19 years, excluding those aged >20 years. This exclusion also excluded
the effects of confounding variables such as smoking (Hellgren et al. 2002) and drinking
(Bendtsen et al. 2008), which affect allergic rhinitis, making our findings on the association
between pollinosis and other environmental factors more reliable.

Similar to previous findings, we observed that the prevalence of pollinosis was lower among
female students (Kilpelainen et al. 2000). In addition, the prevalence of allergic rhinitis is lower
among females than among males (Greiner et al. 2011), which may affect the prevalence of

pollinosis.

Association between past pollinosis and past environmental factors

The prevalence of past pollinosis differed among the stationary, low pollen, and high pollen
groups. Both univariate and multivariate logistic regression analyses showed that the OR of past
pollinosis was consistently higher in the high pollen than in the stationary group (OR 1.430
P=0.004), indicating that the geography of high pollen areas significantly affected the
prevalence of past pollinosis. In addition, previous prevalence was slightly higher in the
stationary (31.8%) than in the low pollen (28.0%) group (OR 0.771 P=0.111), although the
difference was not significant. The low pollen group may have included subjects living in areas
with lower pollen density than that in Nagano prefecture.

Allergic disease prevalence rates were found to be lower in individuals with many older
siblings (Strachan 1989; von Mutius et al. 1994; Bodner et al. 1998; Ball et al. 2000). Although
we assessed only number of siblings, not their relative ages, we found that the prevalence of
pollinosis was lower in individuals with many siblings. In addition, approximately 50% of our

subjects with pollinosis were first diagnosed at ages 10-14 years. Early infectious illness was

11



found to have little effect on pollinosis (Strachan et al. 1996) and pollinosis may be affected by
environmental factors after infancy (von Mutius et al. 1998), pollinosis may be affected by
number of siblings simply. Since individuals with other allergic diseases had a high prevalence
of pollinosis, these allergic diseases may occur simultaneously (Shaaban et al. 2008). This
phenomenon was also observed in this study. Although pet animals in the home have been
associated with the onset of allergic disease, we did not observe this association among our
subjects. The effects of pet animals on allergic diseases were found to differ among animal type
(Sears et al. 1989) and by length of time the pet is kept (Svanes et al. 2003). However, because
our questionnaire only asked about whether there were animals in the home, not about type of
animal or duration kept, these associations may have been masked. Further research, including
factors of animal type and duration kept, are needed to determine the association between

pollinosis and pet animals.

Association between post-entry pollinosis and past environmental factors

We further analysed the association between pollinosis experienced after entering university and
past environmental factors. History of other allergic diseases also affected after entrance pollinosis.
Because past history of allergic diseases might reduce an individual’s tolerance of allergens, the
association was consistent regardless of change in environment. According to a previous cohort
study (Shaaban et al. 2008) which indicated that some respiratory allergic diseases occurred
simultaneously over a long period, other allergic diseases concomitant with pollinosis may continue.
In addition, number of siblings remained a significant factor for pollinosis after entrance although its
significance was decreased. This result showed that the sibling number effect might continue
consistently (Strachan 1989) but may be attenuated when individuals are separated from their

siblings due to university entrance. Therefore, in this study, after entrance pollinosis was revealed to

12



be affected by both sibling number and living together or not. In contrast, although geographic factor
affected past pollinosis significantly, the association disappeared after entrance. This result indicated
that the rate of pollinosis symptoms became almost equivalent among geographic groups because the
difference in pollen count disappeared after change of residence. There are few reports referring to
the association between geographic factor and alteration in pollinosis. The results of this study add to
the evidence that geographic factor affects pollinosis. In addition, the effect of gender difference in
which pollinosis had been higher in pre-university entrance male students disappeared after entrance.
We suppose that this might be due to changes in activity patterns among the genders rather than any
biological difference because gender does not change before or after entrance. In other words, close
contact among male students that became more intimate because of the large number of male
students in this university might have enabled, male students to acquire some protection against
allergens resulting in decreased pollinosis symptoms among the males. As shown above, sibling
number effect was probably attenuated because of change of residence, and close contact among
male individuals may have affected the pollinosis symptoms after entrance. However, this gender
effect is not explained by this study alone, further study is needed to clarify the association between

gender and pollinosis.

Effects of moving on pollinosis

Following the above findings, we focused on the change of geographic factor and analysed the
association between this factor and pollinosis. The prevalence rate of pollinosis in the high
pollen group was significantly decreased after the subjects relocated, whereas it was unchanged
in the other two groups. After moving, the rates of pollinosis symptoms in the three groups were
almost equivalent. Moreover, only previously diagnosed individuals in the high pollen group

showed a significant decrease in pollinosis symptoms after moving, a change that may have
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been caused by a decrease in exposure to pollen after moving. Although this result was expected,
few previous studies assessed the relationship between pollinosis and moving. For example,
studies of immigrants did not show decreased pollinosis prevalence after moving (Shilkret and
Lazarowitz 1953; Hughes 1958; Fine and Abram 1960; Dervaderics et al. 2002), although the
development of pollinosis required several years of exposure to new pollens (Hughes 1958; Fine
and Abram 1960). In contrast, we found that the appearance and disappearance of pollinosis in
some subjects was quite rapid, suggesting that this change was not due to exposure to novel
pollen but to increased and decreased exposure to the same types of pollen (Fine and Abram
1960). We found that the pollinosis symptoms were decreased within a short period if subjects
moved from a high to a low pollen area, a finding that may be clinically useful in treating
subjects with pollinosis. For example, relocation may facilitate patient comfort and care and
may decrease the symptoms of pollinosis in cases that do not respond to pharmaceutical

intervention.

Limitations

This study had several limitations. First, we could not assess changes over time in pollinosis
prevalence and environmental factors because we used a cross-sectional study design. For
example, we did not evaluate individuals who had moved frequently before university entrance;
rather we only determined residence information just before entrance. Moreover, pollen count
might vary from year to year or new onset pollinosis may have occurred subsequent to this
investigation, thus altering the prevalence of pollinosis. Prospective studies are needed to
address these problems. Second, the pollinosis we assessed is seasonally dependent, since the
survey was conducted from May 2011 to February 2012, there may have been some recall bias

due to time between pollen exposure and administration of the questionnaire (Okuda 2003). In
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addition, students may have been exposed to several types of pollen in April and May, resulting
in an overestimation of the prevalence of pollinosis. However, as almost all cases of pollinosis
in Japan involve Japanese cedar pollen, which peaks from January through May, we regarded
the effects of other kinds of pollen minimal. Third, because pollinosis was not evaluated
immunologically but only by a self-administrated questionnaire, we may have included some
subjects with symptoms similar to those of pollinosis but without this condition. Moreover, past
pollinosis was based on a previous diagnosis, whereas after entrance pollinosis was assessed
symptomatically, such that, pollinosis outcomes may not have corresponded. However, because
questionnaires are nationally accepted in investigating allergic diseases (The International Study
of Asthma and Allergies in Childhood (ISAAC) Steering Committee 1998; von Mutius et al.
1998; Kilpelainen et al. 2000), we regarded this method as appropriate. Moreover, since
pollinosis is difficult to cure (Okubo et al. 2011), we regarded diagnosis over time as
approximating its prevalence before moving. Fourth, areas classified as high pollen areas in this
study tended to include developed urban areas and allergic diseases are known to be affected by
factors such as automobile exhaust gas (Hazenkamp-von Arx et al. 2011), air pollution (Seaton
et al. 1994) or western lifestyle (von Mutius et al. 1998; Kramer et al. 2010), these factors were
not analysed in this study and their associations remain unclear. Additional studies are needed to

further assess these relationships and possible confounding variables.

Conclusions

We investigated the prevalence rate and symptoms of pollinosis and association with
environmental factors in university freshmen. We found that pollinosis symptoms decreased
among students who had moved from a high pollen area to the low pollen area around the

university. This result indicates that pollinosis was affected by geographic environmental factors
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of that time. Additional studies are needed to clarify the association between environmental

factors and pollinosis.
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Table 1. Questions and answers of subjects.

Question Answer n=1558 (%)
Please describe your gender Male 983 63.1
Female 573 36.8
Before enrolment, were you ever diagnosed with pollinosis by a doctor? and if so, at what age Yes 540 34.7
No 1018 65.3
Diagnosed age ° 0~4 23 (4.3)
5~9 92 (17.0)
10~ 14 248 (45.9)
15~19 109 (20.2)
unknown 68 (12.6)
Have you had pollinosis symptoms since university entrance in April or May? Yes 483 31.0
No 1060 68.0
Before enrolment, did you have any allergic diseases other than pollinosis? Yes 608 39.0
No 950 61.0
Before enrolment, have you ever kept any pets? Yes 691 44 .4
No 858 55.1
Before enrolment, how many siblings did you have? 0 214 13.8
1 828 53.5
2 423 27.3
=3 84 5.4
Before enrolment, in which prefecture did you live? Stationary 560 35.9
Low pollen 296 19.0
High pollen 680 43.6

Incomplete answers were excluded.

 The percent of subjects diagnosed in each age group is indicated relative to individuals diagnosed.



Table 2. Association between past pollinosis and past environmental factors.

Variable Univariate logistic regression model Multivariate logistic regression model a
OR 95%Cl P OR 95%Cl P

Gender Male 1 1
Female 0.802 0.644 0.998 0.048 0.791 0.629 0.994 0.045

Other allergic diseases No 1 1
Yes 2115 1.707 2.619 <0.001 2.121 1.704 2.640 <0.001

Experience keeping pets No 1 1
Yes 0.95 0.769 1.173 0.632 0.985 0.792 1.226 0.893

Number of siblings 0 1 1
1 0.926 0.680 1.261 0.626 0.891 0.647 1.227 0.480
2 0.627 0.444 0.886 0.008 0.624 0.436 0.893 0.010
23 0.516 0.293 0.908 0.022 0.528 0.296 0.941 0.030

Geographic group Stationary 1 1
Low pollen  0.836 0.613 1.140 0.258 0.771 0.561 1.061 0.111
High pollen  1.431 1.131 1.810 0.003 1.430 1.121 1.824 0.004

aVariables are adjusted for each other in the model



Table 3. Association between post-entry pollinosis and past environmental factors.

Variable Univariate logistic regression model Multivariate logistic regression model a
OR 95%Cl P OR 95%Cl P

Gender Male 1 1
Female 1.046 0.836 1.308 0.693 1.039 0.825 1.308 0.744

Other allergic diseases No 1 1
Yes 1.693 1.360 2.109 <0.001 1.690 1.353 2112 <0.001

Experience keeping pets No 1 1
Yes 1.123 0.904 1.396 0.294 1.140 0.914 1.423 0.245

Number of siblings 0 1 1
1 1.067 0.773 1.471 0.694 1.080 0.778 1.500 0.644
2 0.796 0.557 1.139 0.212 0.816 0.566 1.177 0.277
23 0.498 0.269 0.923 0.027 0.519 0.279 0.968 0.039

Geographic group Stationary 1 1
Low pollen 0.785 0.573 1.074 0.130 0.754 0.547 1.038 0.083
High pollen  1.030 0.810 1.310 0.809 1.045 0.817 1.338 0.724

aVariables are adjusted for each other in the model



Table 4. Pollinosis before and after moving within each group.

Pollinosis Stationary group Low pollen group High pollen group
Answer Rate Answer Rate Answer Rate
No Yes (%) P No Yes (%) P No Yes (%) P
Past pollinosis 378 177 31.9 1.000 213 81 27.6 0.892 404 269 40.0 <0.001
After entrance pollinosis 378 177 31.9 215 79 26.9 454 219 32.5

McNemar's test





