Review

Allergy Asthma Immunol Res. 2014 March;6(2):105-113.

@CmssMark http://dx.doi.org/10.4168/aair.2014.6.2.105
caermars 0SSN 2092-7355 © el SSN 2092-7363

AAl R*

Allergy, Asthma & Immunology Research

Prevalence of Allergic Rhinitis in China
Yuan Zhang,"” Luo Zhang'**

"Department of Otolaryngology, Head and Neck Surgery, Beijing Tongren Hospital, Capital Medical University, Beijing 100730, PR China
?Key Laboratory of Otolaryngology, Head and Neck Surgery (Ministry of Education of China), Beijing Institute of Otorhinolaryngology, Beijing 100005, PR China

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Allergic rhinitis (AR) is a serious systemic allergic disease, which together with comorbid asthma causes major illness and disability worldwide. Re-
cent epidemiological studies have revealed wide variations in the increasing prevalence of AR and allergies globally, including in China. Despite a
markedly higher population than western countries, and a landmass close to Europe in area, little epidemiological data is available on AR in China.
Thus, the present study reviewed the prevalence, comorbid allergic diseases, trends and pattern of sensitizing allergens in adults and children suf-
fering from AR in China. Available data indicated that despite variations in the prevalence of AR in different regions of the country, the prevalence of
AR has increased in both adults and children over the last 2 decades. Similarly, there has been an increase in a “western”-type lifestyle, industrial-

ization and air pollution over this period, which may have contributed to the increased prevalence of AR observed in China.
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INTRODUCTION

Allergic rhinitis (AR) is an inflammatory disease of the nasal
mucosa, induced by an immunoglobulin E (IgE)-mediated re-
action in allergen-sensitized subjects. AR is characterized by
sneezing, rhinorrhea, nasal congestion and nasal pruritus, which
are often accompanied by ocular pruritus, redness and/or lac-
rimation in 60%-70% of patients."” Although not life threaten-
ing, the symptoms of AR are frequently bothersome, adversely
affect work and quality of life, and impose a significant burden
on both the individual and society."* Symptoms can lead to
both physical and mental complications, with sleep-disordered
breathing in childhood and adolescence being associated with
decreased learning performance and increased behavior and
attention disorders.”® Moreover, AR is commonly comorbid with
asthma, suggesting that these conditions are closely related and
has led to the concept of ‘one airway, one disease’" Indeed,
studies have suggested that ~20%-50% of patients with allergic
rhinitis have clinical asthma, whereas >80% of patients with al-
lergic asthma having concomitant rhinitis symptoms."**

Epidemiological studies have revealed that the prevalence of
AR has increased progressively in more-developed countries,
and currently affects up to 40% of the population worldwide'*";
with 23%-30% of the population affected in Europe'®'” and 12%-
30% of individuals affected in the United States.'® Although the
prevalence and possible factors responsible for the etiology of

© Copyright The Korean Academy of Asthma, Allergy and Clinical Immunology ® The Korean Academy of Pediatric Allergy and Respiratory Disease

AR have been well documented in many developed countries,
there is comparatively little information available in developing
countries.” In this regard, the People’s Republic of China is one
of the largest countries in the world with a population of around
1.3 billion citizens and rapidly expanding industrialization. It is
divided into 34 administrative divisions, including 23 provinc-
es, 5 autonomous regions, 4 municipalities directly under the
Central Government, and 2 Special Administrative Regions
(Hong Kong and Macao). Moreover, it is traditionally divided
into seven divisions, including North, Northeast, East, South,
Northwest, Central and Southwest China, which cover an area
of around 9.6 million square kilometers—approximately the
size of Europe—and lies within several climate zones. The pres-
ent article reviews the prevalence, incidence of comorbid aller-
gic diseases, and trends and patterns of sensitizing allergens of
AR in adults and children in China. The process of selecting ar-
ticles to include in the present review was based on review of
pre-existing published studies. A literature search was conduct-
ed in February 2013 for all relevant articles using PubMed. Cita-
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tions for articles reporting the prevalence of AR in China were
identified using allergic rhinitis as the primary search terms in
association with China, prevalence/incidence, comorbid allergic
disease, asthma, and sensitizing allergens, as the secondary
search terms.

The prevalence of allergic rhinitis in adults

Few studies have reported the prevalence of AR in adults in
China (Figure). One nationwide population-based study as-
sessed self-reported AR using validated questionnaire-based
telephone interviews in over 38,000 subjects in 11 major cities
across China from September 2004 to May 2005.” The authors
demonstrated that age- and gender-adjusted prevalence of AR
was highly variable, ranging from 8.7% in Beijing to 24.1% in
Urumgi. The prevalences of AR in the other regions investigat-
ed were 11.2%, 16.1%, 14.1%, 8.9%, 13.3%, 13.6%, 15.7%, 19.3%,
and 9.1% in Changchun, Changsha, Guangzhou, Hangzhou,
Nanjing, Shanghai, Shenyang, Wuhan and Xi'An, respectively.
Importantly, this study further showed that, of the subjects with
self-reported AR, 74.4% were diagnosed as intermittent AR pa-
tients and the remaining 25.6% as persistent AR patients based
on the new Allergic Rhinitis and its Impact on Asthma (ARIA)
classification.”” More recently, Shen and colleagues™ investigat-
ed the epidemiological features of self-reported AR in 4 major
cities (Chengdu, Chongging, Nanning and Urumgi) in western
China employing a cross-sectional, population-based study us-
ing a validated questionnaire and multistage, stratified cluster
sampling from January to December 2008. The overall preva-
lence of AR was found to be 34.3%, with prevalence rates of 34.3%
in Chengdu, 32.3% in Chongging, 30.3% in Nanning, and 37.9%
in Urumgi. Similarly, in more recent studies, Wang and col-
leagues investigated the prevalence of AR in several regions of
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Figure. Reprehensive published prevalence of allergic rhinitis in adults and
children in different cities in China.
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northern China (rural areas of Qingxian, Hebei; coastal fishing
village of Bohai Bay, Huanghua; area of Wuling Mountain,
Chengde; urban areas of Tianjin) and reported that the overall
prevalence of AR was ~9.2%.>*** The authors further demon-
strated that the risk of AR was associated with occupation, with
farmers having a 2.32-fold increased risk.” Comparison of AR
prevalence in villagers in Hebei Province versus city dwellers in
Tianjin indicated that although the prevalence rates (9.2% and
9.0%, respectively) were not significantly different, the preva-
lence of allergens in the two areas were significantly different.®
The incidence of AR caused by dog epithelium was higher in
Hebei than Tianjin, whereas the reverse was the case for dust-
mite-induced AR.

The prevalence of allergic rhinitis in children

Compared to adults, more data are available from studies in-
vestigating the prevalence of AR in children in China (Figure),
the majority of which have investigated the prevalence of AR in
combination with asthma and eczema using the standardized
and appropriately translated versions of the International Study
of Asthma and Allergies in Childhood (ISAAC) protocols.'**%%
Despite being approximately similar in size and having a popu-
lation twice as large as Europe, only 2 centers in China have re-
ported the prevalence of AR and/or asthma/eczema in children
aged 6-7 years according to the ISAAC protocol, compared with
29 centers in Europe. Likewise, the prevalence of AR and or asth-
ma/eczema in children aged 13-14 have been investigated in
only 3 centers in China, compared with 46 centers in Europe.”

In an early, non-ISAAC design study, Leung and colleagues
investigated the effects of allergen sensitization and a family
history of atopy on asthma and allergic disease in 12-18 years
old Chinese schoolchildren from San Bu in southern China and
Hong Kong.® The authors reported that the occurrence rates of
rhinitis symptoms within the past 12 months in San Bu and
Hong Kong were 3.7% and 29.8%, respectively, while the rates
of atopy confirmed by skin prick tests (SPT) were 49% and 57.7%,
respectively, in the 2 regions.” Similarly, 2 earlier ISAAC Phase
studies investigating 6-7 years old primary school children in
Beijing (n=2,978), Urumgqi (n=2,840) and Hong Kong (n=3,618)
reported 12 month prevalence rates for nasal symptoms of
30.0%, 31.1%, and 35.1%, respectively.***' Wong et al.** recruited
schoolchildren aged 9-11 years from Hong Kong (n=3,110),
Beijing (n=4,227) and Guangzhou (n=3,565) for studies using
the ISAAC Phase II protocol, and reported that the prevalence
rate of current rhinoconjunctivitis was significantly higher in
Hong Kong (15%) than in Beijing (6.7%) or Guangzhou (7.4%).
The atopy rate was also higher in Hong Kong (41.2%) than in
Beijing (23.9%) or Guangzhou (30.8%). In a more recent study,
schoolchildren aged 13-14 years from urban Beijing (n=3,531)
and rural areas around Beijing (n=3,546) were assessed using
the ISAAC Phase III protocol.* The incidence rates of current
symptoms of rhinoconjunctivitis and atopy were significantly
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higher in urban children (10.3% and 37%, respectively) com-
pared with rural children (3.3% and 11%, respectively; P<0.0001
for both comparisons).” Similarly, Chiang and colleagues™ in-
vestigated the prevalence of AR in 10-15 years old schoolchil-
dren in central Taiwan using the ISAAC Phase III study protocol.
These authors reported the overall cumulative and 12 month
prevalence of AR to be even higher in this cohort, at 43.0%. More-
over, the authors concluded that boys had significantly higher
prevalences of wheezing and rhinitis than girls, and that young-
er children tended to have a higher prevalence of the disorders
than older children.* This observation confirmed the age- and
gender-dependent differences in AR prevalence shown by Kao
and colleagues™ in an earlier non-ISAAC designed study em-
ploying a one-stage stratified cluster random sampling tech-
nique. These authors investigated the prevalence of AR in 2
groups of school children in Taiwan and demonstrated that
children aged 6-8 years had significantly higher prevalence rates
of diagnosed AR than those aged 13-15 (29.8 vs 18.3%), and the
6-8-year-old male group had significantly higher proportions of
AR symptoms than females of similar age.*® Likewise, one re-
cent non-ISAAC questionnaire-based study has reported the
prevalence rate of AR in children aged 9 to 10 years in Shihezi
city of Xinjiang province located in Northwest China to be
12.56%.% Moreover, the authors showed that 56% of children
with AR had intermittent AR, and the remaining 44% had per-
sistent AR with mostly mild symptoms based on the ARIA clas-
sification.”"

Several studies have investigated the prevalence of AR in pre-
school children aged 6 years and less.*”* In one recent study,
Zhang and colleagues™ surveyed 4,075 children aged 3 to 5 years
in urban and suburban areas of Beijing; the adjusted prevalence
rate of 19.5% for clinical AR was significantly higher in children
from urban areas, compared to 10.8% (P<0.01) in children from
suburban areas. Moreover, 67.1% of the children with AR were
found to be suffering from intermittent AR, and 32.9% from
persistent AR, according to the ARIA classification™; with 41.5%
of the patients showing moderate/severe symptoms.*” In an-
other recent study, Kong and colleagues® surveyed 1,211 chil-
dren aged 3-6 years from 16 kindergartens in Wuhan using au-
thor-generated questionnaires followed up by telephone inter-
views and skin prick testing. The authors reported the adjusted
current prevalence of AR to be 10.8% using the diagnostic crite-
ria based on the presence of nasal symptoms and positive skin
prick test (SPT). Moreover, the prevalence of AR was higher in
males than females (13.0 vs 7.7%; P<0.05) and the percentage
of children sensitive to both inhalant and food allergens was
27.4%.% One study investigated the relativity of AR rhinitis and
recurring respiratory infection in preschool children in Shen-
zhen, Guangdong province in southern China. They demon-
strated that, while the prevalence rates of AR and recurring re-
spiratory infection were 20.1% and 13.7%, respectively, the prev-
alence rate of 18.0% for AR combined with recurring respirato-
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ry infection was significantly higher than the prevalence rate of
7.8% (P<0.05) for cases with non-AR combined recurring re-
spiratory infection.*”

To date, only one nationwide survey of the prevalence of AR
in children in China has been reported.” A total of 23,791 chil-
dren aged 6-13 years in 8 metropolitan capital cities (Shanghai,
Guangzhou, Xi'an, Wuhan, Harbin, Chengdu, Hohhot and
Urumgi) of provinces in 4 regions were surveyed during No-
vember and December 2005, using a cluster-stratified sampling
method. Three key questions from the standard ISAAC ques-
tionnaire were used to examine the prevalence of current aller-
gic rhinitis and allow for comparison with results in the litera-
ture. The study demonstrated that the mean prevalence of
childhood AR in the 8 cities was 9.8%, and ranged from 3.9% in
Xi'an to 16.8% in Guangzhou, with males showing a higher AR
prevalence than females in all cities. Moreover, the prevalence
of childhood allergies was associated with factors related to life-
style, mental health and socio-economic status, which were
distributed unevenly across cities and disproportionately af-
fected the local prevalence.” A smaller cross-sectional survey
by Zhao and colleagues* investigated the self-reported preva-
lence of childhood AR in three major cities in China (Beijing,
Chongging, and Guangzhou) using the ISAAC questionnaire. A
total of 24,290 children aged 0-14 years were interviewed using
a multi-stage sampling method; the self-reported prevalences
of AR were 14.46%, 20.42%, and 7.83% in Beijing, Chongqing
and Guangzhou, respectively. Furthermore, the prevalence of
AR was lower in children younger than 2 years and significantly
higher in males than females in each city."

The prevalence of allergic rhinitis and comorbid allergic
diseases

Atopic dermatitis (AD) is the cutaneous precursor of an evolv-
ing systemic disorder, the “atopic march’, which progresses from
AD to AR and asthma.*** There is a close relationship between
AR and asthma, which has led to the concept of “the united air-
way”/ “one-airway, one disease’;'® with evidence suggesting that
AR is an independent risk factor for the development of asth-
ma.”"* Using a 2-stage, clustered, stratified random sample study
design, Zhang and colleagues® surveyed 4,075 children aged 3,
4, and 5 years in urban and suburban areas in Beijing and esti-
mated that 13.3% and 18.1% of children with clinical AR also
suffered from physician-diagnosed comorbid asthma and ec-
zema, respectively. Furthermore, there was a close association
between AR and asthma in children with a history of asthma
(P<0.01, OR=4.88) or eczema (P<0.01, OR=1.49), suggesting
that both asthma and eczema were likely to be significant con-
comitant risk factors for AR.*” Another recent random, multi-
stage, cluster sampling study by Wang and colleagues® ana-
lyzed the correlation between AR and bronchial asthma or AD
in a cohort of 1,524 individuals from several regions of northern
China. This study reported that in patients with AR, the preva-
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lences of bronchial asthma and AD were significantly higher, at
30.9% and 29.5%, respectively, compared with those of bron-
chial asthma and AD of 2.9% and 3.7% (P<0.01 for both), re-
spectively, in subjects without AR. Additionally, the risk of sub-
jects with asthma suffering from AR was 8.619-fold higher than
that of subjects without bronchial asthma, whereas the risk of
subjects with AD suffering from AR was 1.817-fold higher than
that of subjects without AD.” Yin and colleagues® investigated
the relationship between AR and allergic asthma in 1,120 pa-
tients with autumnal pollinosis in Beijing, and reported that
1,096 (97.9%) patients had AR, whereas only 10 (0.9%) had al-
lergic asthma. Furthermore, of the 1,096 patients with AR, 585
(53.4%) suffered from seasonal asthma, suggesting that the
prevalence of autumnal comorbid asthma and AR in Beijing
may be relatively high. In contrast, a study of 2,205 elementary
school children with AR in Xinjiang province in northwest Chi-
na reported that of the 277 (12.56%) children found to be suf-
fering from AR, 15 (5.4%) were also suffering from comorbid
bronchial asthma.*

Trends in the prevalence of allergic rhinitis

The worldwide incidence and prevalence of AR have been in-
creasing over the last 3 decades™*** in almost all westernized
countries. A recent study by de Marco and colleagues®™ of the
trends in the prevalence of asthma and AR in Italy between
1991 and 2010 reported that the prevalence of AR has increased
continuously in Italy during this time, affecting more than one
in 4 young adults by the end of 2010. Several studies have docu-
mented the trends in AR prevalence in China. Studies in adults
have demonstrated that the prevalence of AR in Nanjing and
Urumgi have increased from 13.3% and 24.1% in 2004-2005*
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and to 30.3% and 37.9% in 2008,% respectively, indicative of a
dramatic increase in AR in Chinese adults. Similarly, ISAAC
studies have indicated that the prevalence of physician-diag-
nosed hay fever and AR in Chinese school children aged 13-14
years increased significantly from 2.9% and 17.4% (noted in a
Phase I study conducted in 1994-1995) and from 4.1% and 22.7%,
respectively (noted in a Phase III study conducted in 2001)
(both P<0.05).*" Likewise, an epidemiological survey of school
children aged 6-7 years in Hong Kong from 1995 to 2001 report-
ed that the prevalences of life-time rhinitis (42.4% vs 38.9%, P<
0.01), current rhinitis (37.4% vs 35.1%, P<0.03), and current rhi-
noconjunctivitis (17.2 vs 13.6%, P<0.01) have increased signifi-
cantly over time.” Similarly, 3 large sample epidemiological
surveys of the prevalence of AR in schoolchildren in Taichung,
central Taiwan, conducted in 1987, 1994, and 2002 have shown
a progressive increase in the prevalence of AR from 5.1% in 1987,
to 12.46% in 1987, and finally 27.59% in 2002.%

Pattern of sensitization to inhaled allergens in allergic rhinitis

Several studies have investigated the prevalence and type of
inhaled sensitizing allergens involved in the manifestation of
AR in various cities and regions in China (Table 1), the majority
of which were performed in a single city. Dust mites were re-
ported as the most common allergen in many regions, whereas
Chenopodium and Lupulus (instead of dust mites) were the
main aeroallergens in northwestern China. Compared with
adults, studies of the sensitizing inhaled allergens in children
with AR suggested that a wider spectrum and Alternaria tenuis
as well as mixed fungi were more common in children than
adults.

A representative study by Yang and colleagues™ investigated

Table 1. Reprehensive studies documenting spectrum of inhaled allergens of AR in China

Regions Study subjects Main allergens Year
Beijing Adults and Children Male: Der f, Der p, mugwort and BlaterliaGermanica 2011%
Female: Der f. Der p, mugwort and Chenopodiumalbum
Kunshan Adults Dust mite and house dust mite 2012%
Shanghai Adults House dust mite, Der f, tropical mite and dog hair 2012%
Changsha Adults Flour mite, house dust mite, mycetes Il and weed 2011%
Enshi Adults Mites 2011%
Jingmen Adults House dust mite, Der f, mugwort and ragweed 2010%
Beijing Adults Der f, Der p, flowers pollen and herbs 2006®
Changji Adults Chenopodium and lupulus 20119
Anging Adults Silk 2001%
Beijing 3-5-year-old children Alternariatenuis, Der fand Der p 2013
Beijing 1-3-year-old children Mixed fungal, dust mite and mugwort 2011%
Changsha Children Der fand Der p 2011%
\Wuhan 3-6-year-old children House dust mites and moulds 2009%
Shihezi 9-10-year-old children Mugwort and house dust mite 2009%
11 major cities Adults Pollen, animal dander and dust mites 20097
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the patterns of sensitization to the main inhaled allergens in AR
patients nationwide. A total of 10,030 patients with AR were di-
vided into eight groups according to gender and age, and the
distributions of sensitizing allergens were analyzed using SPTs.
The 4 most common allergens in male patients with AR were
Dermatophagoides farina (Der f), Dermatophagoides ptoronys-
sinus (Der p) mugwort and Blaterlia Germanica, while Der f,
Der p, mugwort and Chenopodium album were the most com-
mon in female patients. In all groups, the majority of patients
were sensitized to 2 relevant allergens, followed by polysensiti-
zation to 3 positive allergens and a single positive allergen. Fur-
thermore, the top 4 allergens in 3-17-year-old males sensitized
to a single allergen were Der f, Der p, Alternaria tenuis and
mugwort. In all other age groups, the most common positive al-
lergens were Der f, Der p, mugwort and Blaterlia Germanica. In
contrast, the top 4 positive allergens in the 3-17-year-old female
group sensitized to a single allergen were Der f, Der p, mugwort
and Alternaria tenuis, in the 18-39-year-old group were Der f,
Der p, mugwort and Dandelion, in the 40-59-year-old group
were Der f, Der p mugwort and mixed tree 1, and in the =

60-year-old group were Der f, Der p, mixed animal hair and
mugwort. Additionally, in 3-17-year-old patients sensitized to 2
allergens, the most common allergen combination was Der f
and Der p, while in patients polysensitized to 3 positive aller-
gens, the most common allergen combination was Der f, Der p
and Blaterlia Germanica, followed by Der f, Der p and mixed
animal hair. While data from several other studies conducted in
different regions in China have also shown Der f and Der p to
be the most common sensitizing allergens in adult patients
with AR in those areas,**® other authors have reported discrep-

ant findings. A study investigating sensitization to inhaled aller-

gens in AR patients in Xinjiang, Northwest China, demonstrat-

ed that Chenopodium and Lupulus (the main aeroallergens in
the area) were the primary sensitizing agents for AR, whereas
the prevalence of AR due to dust mites, fungus and canine epi-

dermis was relatively low.*! A population-based study examin-

ing the relationship between asthma, AR and skin test reactivity
to aeroallergens in over 10,000 subjects in Anging (a predomi-

nantly rural province in China) has reported that sensitization
to silk was important in the etiology of AR. While sensitization
to perennial aeroallergens was associated with asthma among
families of asthmatic subjects, sensitization to silk was the stron-

gest predictor of rhinitis in this population.®” Interestingly, one
study reported that the prevalence of positive cockroach SPT
was higher in southern than northern China, in adults than
children, and in males than females.®* Moreover, a cross-sec-

tional study of the association between asthma and rhinitis se-

verity and degree of specific allergic sensitization to common
aeroallergens in AR patients in 24 centers (covering mid-tem-

perate, warm-temperate, subtropical and tropical zones) across
China reported that while moderate-severe intermittent rhini-

tis was significantly associated with the skin wheal size and the
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level of sIgE to Artemisia vulgaris and Ambrosia artemisifolia,
moderate-severe asthma was significantly associated with in-
creasing wheal size and the sIgE response to Der p and Der f.**

A survey of 3-5-year-old preschool children with AR in urban
and suburban areas of Beijing revealed that the most common
inhalant allergens were Alternaria tenuis, followed by Der f
(39.4%), and Der p (38.6%).” Similarly, another study of 1-3-year-
old children with AR in Beijing reported that the most common
inhaled sensitizing aeroallergens in these children were mixed
fungal (50.0%), followed by dust mite (21.0%) and mugwort
(12.5%).* However, 2 studies conducted respectively in Chang-
sha® and Wuhan,® cities in central China, reported that the
most common sensitizing allergens in children with AR were
house dust mites, thus presenting an allergen spectrum in ac-
cordance with that of adults. Similarly, a study by Han and col-
leagues® in 9-10-year-old AR children in Shihezi, Xinjiang prov-
ince in Northwest China, reported mugwort and house dust
mite allergens to be the most common sensitizing agents for AR.

Recently, pollen-related AR has attracted more attention in
China, as pollen was the most commonly reported allergen
(47.8%) in a study by Zhang and colleagues.” A study conduct-
ed between November 2003 to October 2004 to investigate the
general and seasonal distribution of airborne pollen and its re-
lationship with pollinosis in 16 areas in 12 cities in Hubei prov-
ince, central China,” identified 61 pollen genera within the
257,520 collected pollen samples. The peak airborne pollen dis-
tribution occurred in 2 seasons each year; spring (March and
April) and autumn (August to October), and pollinosis corre-
sponded to the peak pollen distribution. Similarly another
study of airborne pollens performed in Beijing indicated that
the summer-autumn pollen concentration peaked from August
20 to September 15, with the major pollens being Artemisia L,
Chenopodium album and Humulus scandens.” Moreover, there
was a significant correlation between specific pollen concen-
tration and the number of patients sensitized to that pollen, as
well as between pollen concentration and the onset of symp-
toms during the summer-autumn pollen season.®

Influence of air pollution on the prevalence of allergic rhinitis
in China

There is accumulating evidence that both genetic and envi-
ronmental factors play important roles in the etiology of AR,
and that even small increases in the daily concentrations of air
pollutants can cause adverse health effects.”” Recent studies
have shown an association between high levels of air pollution
and an increased risk of allergic sensitization and prevalence of
rhinitis.”*™ The increase in atmospheric pollutant (NO2, SO,
PMy,, etc.) levels could explain the current increase in the prev-
alence of AR.*™

China is undergoing urbanization and westernization at an
unprecedented rate, and the rapid increase in motor vehicle
ownership and use has been accompanied by a concomitant
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increase in traffic-related air pollution, which poses an increas-
ingly serious threat to health in urban areas of China. This is ex-
emplified by a recent ecological study, which investigated the
impact of traffic control measures and weather conditions on
air quality and asthma morbidity over a period of 41 days dur-
ing the 2008 Summer Olympic Games in Beijing.” The study
demonstrated that compared with the pre-Olympic baseline,
the Games were associated with a significant reduction in asth-
ma visits (RR 0.58, 95% CI: 0.52-0.65), thus providing support
for the concept that reduction of air pollution by reducing mo-
tor vehicle traffic could lead to improved health. The effects of
traffic-related particulate air pollutants on AR prevalence have
been investigated by several studies. Zhang and colleagues™ as-
sessed the potential effects of PM,,, SO and NO: on outpatient
visits caused by AR in Beijing during the period 2009-2010, and
found strong associations between the daily concentration of
the 3 air pollutants and the daily number of outpatients for AR.”
Similarly, another cross-sectional, population-based study con-
ducted in 11 major cities in China reported that the adjusted
self-reported prevalence of AR was positively correlated with
the concentration of SO, but not with other air pollution fac-
tors, including NO. and PM, or any meteorological factors, in-
cluding annual average temperature, annual average relative
humidity, annual hours of sunshine and annual precipitation.*
Likewise, studies of the relationship between traffic-related air
pollution and AR in Taiwanese schoolchildren have shown as-
sociations between the prevalence of AR and levels of SO,, NOx,
05, and PM,,.”"™ Moreover, a study conducted to determine the
relationship between air pollution and the prevalence of aller-
gic diseases in the city of Taichung and the rural town of Chu-
Shan in Taiwan revealed that the prevalence AR is higher in Tai-
chung than Chu-Shan, suggestive of a potential adverse health-
related effect of higher levels of air pollutants in the urban loca-
tion.” In contrast to traffic-related air pollutants, a study of the
correlation between the incidence of Asian dust storms in Tai-
pei, Taiwan (1997-2001), and the daily clinic visits for AR
showed that although the effects of dust storms on clinic visits
for AR were prominent 2 days after the event (19%), this associ-
ation was not statistically significant.*

Limitations of the epidemiology of allergic rhinitis in China
Although many studies have investigated the prevalence of
AR in children and adults in China, the majority included dis-
ease in children and demonstrated obvious regional differenc-
es. Those results suggest that industrialization as the gross out-
put value of industry of the most developed cities such as Bei-
jing and Shanghai is much higher than that of the least devel-
oped cities. However, we did not identify a strong correlation
between the prevalence of AR and major socioeconomic indi-
cators, which may be due to the limitations of the published
studies. A major limitation of these studies is that it is difficult to
compare the prevalence of AR between populations since uni-
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form methods were not used. In this sense, it is likely that the
marked variation in the prevalence of AR and the comorbid al-
lergic diseases documented in these studies was due at least in
part to differences in the instruments employed to assess prev-
alence. Additionally, many studies evaluated the prevalence of
AR based only on questionnaire surveys, telephone interviews
and self-reported symptoms. In this regard, it is possible that
patients with non-AR, such as vasomotor rhinitis, eosinophilic
nonallergic rhinitis and infectious rhinitis caused by viruses,
were included in this data, leading to an artificially higher prev-
alence, particularly in the absence of allergen-test related data.
Moreover, for the majority of studies based on questionnaire
surveys only, there may be an overestimation of up to 50% in
the prevalence of AR. Indeed, a recent study by Zhang and col-
leagues® demonstrated that the prevalence of AR assessed us-
ing only epidemiological criteria was 3.2 folds greater (48 vs
14.9%) than that assessed using diagnostic criteria, such as a
combination of a typical history of AR symptoms and allergy
tests (e.g. SPT). In contrast, one study reported that the preva-
lence of AR was underestimated on the basis of a lower number
of patients being treated for AR, primarily because a majority of
patients with mild symptoms did not feel the need to see a phy-
sician and did not attend the clinic.* This study emphasizes the
importance of improving utilization of resident health services
and related medical education. Zhang and colleagues® investi-
gated the understanding among otolaryngologists of the per-
spectives on the diagnosis and management of AR in major cit-
ies in China, and reported that the majority of the otolaryngolo-
gists (61% +£29%) diagnosed AR based on medical history and
nasal examination, while only one third (35% +£28%) used SPT
or specific IgE serum tests. These findings suggest that the diag-
nosis and management of AR in China is sub-optimal and that
otolaryngologists require continuous education in aspects of
the diagnosis and management of AR.*

CONCLUSIONS

This study has reviewed the data of published surveys of the
prevalence of AR and the risk and associated factors in several
regions of China. Despite the greater land area and population
compared to many western countries, little information is avail-
able on the epidemiology of AR in China. Available data indi-
cate that although there are variations in the prevalence of AR
among regions, the prevalence of AR has generally increased in
both adults and children over the last 2 decades. This is in agree-
ment with the trends noted for AR prevalence in other develop-
ing countries. While differences in the type, amount and length
of exposure to naturally occurring biological sensitizers among
regions may explain the differences in the prevalence of AR, it is
likely that a “western” type lifestyle in combination with indus-
trialization and a substantial rise in levels of fossil fuel-derived
air pollutants has contributed to the increased prevalence of AR
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in many areas of China.

As a developing country, gaps with regard to the socioeco-
nomic level and the degree of technological development re-
main between China and the more developed westernized
countries, which can lead to difficulties in performing epidemi-
ological studies of AR. Moreover, surveying techniques are not
standardized, which makes it difficult to directly compare the
epidemiology of AR among areas, sub-populations and age
groups in China. Thus, future studies of the epidemiology of AR
in children and adults in China should be performed at the na-
tional level, with a clinical diagnosis of AR confirmed by aller-
gen-related examinations and employing a standardized meth-
odology.
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