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Chinese response to allergy and asthma in Olympic athletes

The XXIX Olympic Games will be held in Beijing, China,
from 8 to 24 August in 2008. The population of Beijing
will increase dramatically during the Games period, with
the arrival of athletes, team staff, members of the
international media and spectators. Coinciding with the
peak of the pollen season and considering for air quality
in the city, the performance of Olympic athletes with
airway allergic diseases could be jeopardized after years
of training and preparation. In view of this situation,
Olympic team managers and medical officers need to
adequately prepare Olympic athletes for the possibility of
exposure to high pollen levels and air pollutants in the
weeks leading up to this most important sporting event.
Symptoms of rhinoconjunctivitis and exacerbation of
asthma could be devastating to athletes expecting peak
performance. However, China is making big strides in
clearing up its air quality ahead of the 2008 Olympics.
Beijing has invested 120 billion yuan (about 17 billion US
dollars) to improve its air quality since it won the bidding
to host the 2008 Olympics in 2001. The number of �blue
sky� days, or days with fairly good air quality, increased
to 246 last year from 100 in 1998.
In this paper, prevalence of allergy in athletes, main

airborne allergens in northeast China in August and
Chinese response to air quality and allergy in Olympic
athletes will be discussed.

Prevalence of allergy in athletes

Several studies have reported that the prevalence of
asthma is higher in elite athletes than in the general
population and that between 2% and 28% of athletes
may suffer from asthma depending on different types of
sport and methods of diagnosis (1). The prevalence of
asthma in both the Summer and Winter Olympic athletes
has been progressively increasing over recent years. Fitch
reported 9.7% and 8.5% of asthma in a physical
examination in Australian Olympic athletes in the 1976
and 1980 Summer Games (2). Allergy was reported by
10% of the athletes in both Olympic Games. Voy
reported more than 11% prevalence of exercise-induced
asthma among the US Olympic athletes in 1984 Summer
Games and an increase to a prevalence of more than 16%
in the 1986 Summer Games reported by Voy (3) and
Weiler et al. (4). In the 1998 Winter Games, the asthma
prevalence in US athletes was at 21.9% (5). The preva-
lence of airway hyperresponsiveness (AHR) and exercise-
induced bronchoconstriction obtained from objective
measures are higher than reported from individual self-
reporting of asthma or a diagnosis of asthma previously
made by a physician. Langdeau et al. reported 20%
prevalence of survey questionnaires-based asthma in
long-distance runners and mountain bikers and 32%
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prevalence of AHR made with methacholine broncho-
provocation (PC20 £ 16 mg/ml) in the same population
(6). But the significance of the high prevalence of AHR in
athletes and its affect on performance are unclear.
Further investigations should be studied to better under-
standing the long-term consequences of such features.
From all sports, the highest prevalence of asthma was

found in endurance athletes, such as cyclists, distance
runners, swimmers and winter athletes, including cross-
country skiers and figure skaters. In 1996, an asthma
prevalence of 45% was reported in cyclist and mountain
bikers compared with none in divers and weight/lifers (4).
The higher prevalence of asthma in athletes is due to the
high training loads in athletes combined with the training
environment of the athletes, such as the exposure of the
airways to cold air, allergens, pollutants and dust, etc.
In addition to asthma, allergic rhinitis or allergic

rhinoconjunctivitis have been observed as common
among athletes and the prevalence is also increasing.
Helbling et al. reported 2961 elite Swiss athletes partic-
ipating in 68 sports, 16.8% indicated that they had hay
fever, and of these, 59% needed medication during the
pollen season (5, 7). In Australian Olympic athletes for
2000 Summer Games, 29% had seasonal allergic rhino-
conjunctivitis and 41% had positive skin prick test to any
one aeroallergen (8). Aquatic athletes were more likely to
have allergies compared with nonaquatic ones. Zwick
et al. (9) reported that the prevalence of atopy (at least
one skin prick test reaction) in swimmers is 50%, and
36% showed increased bronchial responsiveness to his-
tamine. When the two risk factor atopy and swimming
were combined in the multivariate analysis, the risk of
asthma in a swimmer with atopy was 96-fold as compared
with a control subject without atopy.
There have been no published data regarding to the

prevalence of allergy and airway allergic diseases in
Chinese athletes. However, it is believed that the percent-
age of allergic diseases in athletes in China is not as high
as that in Western countries.

Exacerbations of allergic symptoms during exercises and
when exposed to allergens and pollutants in air

Atopy and the presence of allergic disorders are common
among top-level athletes from all sporting categories.
Athletes with summer events are intensively exposed to
airborne allergens (pollen grains, house dust mites and
fungi spores) and to pollutants (ozone, sulphur dioxide or
particulates, chlorine derivatives) during training and
competitions, disabling them to achieve their peak
performance (8). When the ventilation level exceeds
about 30 l/min there is a shift from nose breathing to
combined mouth and nasal breathing (10). This shifting
results in a greater deposition of airborne allergens and
other inhaled particles to the lower airways; in addition,
incompletely conditioned air may reach the mucous

membranes of the lower airways (11). It is also believed
that speed and power athletes consume up to 200 l/min of
air when they perform in the open air, increased
ventilation results in inhalation of huge quantity of
aeroallergens as well as pollutants in periods of dense
circulation; thus, leading to symptoms of rhinoconjunc-
tivitis and asthma (8, 12). Physical features of the inhaled
air also depend on the type of sports and climatic
conditions in which exercise is performed, where some
athletes are more exposed to others to cold and humid
air.

Asthma is most commonly found in athletes perform-
ing endurance events such as cycling, swimming or long-
distance running (13). Asthma risk is closely associated
with atopy and its severity. Compared with nonatopic
athletes, the relative risk of asthma was 25-fold higher in
an atopic speed and power athlete, 42-fold in an atopic
long-distance runner and even 97-fold in atopic swimmers
(12). Swimmers (14) and endurance athletes (15) have
shown a mixed type of eosinophilic, lymphocyte and
neutrophilic inflammation in induced sputum samples
and bronchial biopsies. This inflammation correlates with
clinical parameters (i.e. exercise-induced bronchial symp-
toms and bronchial hyperresponsiveness). It was also
shown that mild eosinophilic and lymphocytic airway
inflammation was aggravated in swimmers who remained
active during a 5-year prospective follow-up study. In
contrast, swimmers who stopped active training, eosino-
philic airway inflammation, bronchial responsiveness and
clinical asthma attenuated or even disappeared. This
prospective study indicated that intensive training is
associated with long-term airway irritation as well as
clinical asthma in susceptible individuals, and these
changes are at least partly reversible when training is
stopped (16).

Main airborne allergens in Northeast China during 2008
Olympic Games

China is going to host the Game of the XXIX Olympiad
from 8–24 August in 2008 in Beijing with some matches
such as sailing, equestrian and football being hold in cities
of Qingdao, Hongkong, Tianjing, Shanghai, Shenyang
and Qinhuangdao. All the above cities are located in East
China. The number of athletes and accompanying indi-
viduals expected to arrive at China for the Beijing
Olympics is estimated over 10 000 and among them at
least 2000 (20%) are suspected to suffer from respiratory
allergies, according to the epidemiological survey. This
percentage is significantly increasing, taking into consid-
eration all visitors in China during that period, members
of the international media, spectators and tourists.
Therefore, it is important to monitor the pollen counts
and air quality in the above cities. In fact, in China, the
studies on pollen analysis and environment are numerous
(17–19). One representative study by Cour, Huang and

Allergy and asthma in Olympic athletes

� 2008 The Authors
Journal compilation � 2008 Blackwell Munksgaard Allergy 2008: 63: 962–968 963



their colleagues (20) used Cour�s dust flux method to
obtain a large-scale pollen data set from a continental-
wide transect from tropical to temperate areas in eastern
China in autumns in four different years . Results of the
dust pollen provide a continued modern pollen distribu-
tion pattern from south to north of whole China, which
can help us tracing the quantitative tendency of pollen
dispersal, and clarifying the relation between pollen and
climate. The nonarboreal pollen is abundant all along
eastern China mostly with the families of Asteraceae
(Compositae), Gramineae, Chenopodiaceae, Cannabida-
ceae, Polygonaceae, Cyperaceae, Brassicaceae (Crucife-
rae) and Plantagonaceae. The most popular arboreal
pollens varied from tropical to cold temperate regions,
were Betulaeceae, Abietaceae and Salicaceae in the
extreme north, Fagaceae, Jugandaceae, Urticaceae, Ros-
aceae, Ulmaceae and Cupressaceae in the temperate
zones and Myrtaceae, Euphorbiaceae, Papilionaceae,
Theaceae, Casuarinaceae, Urticaceae, Rubiaceae, Tax-
odiaceae and Pteridophyte in the subtropical and tropical
zones. The most abundant pollen in the dust samples is
derived from nonarboreal plants. Among them, Artemi-
sia, Poaceae, Chenopodiaceae, Canabitaceae (Cannaba-
ceae) and Cyperaceae are the most frequent taxa and have
a continuous distribution in almost the entire transect
(Fig. 1). This group also collected 1 year round airborne
samples at 10 m height above ground from northeast
China (19). They showed that the main pollen and spore
families and genera were Betula, Populus, Salix, Quercus,
Artemisia, Chenopodiaceae and Gramineae. There were
two peak stages of airborne pollen and spore concentra-
tions throughout the year. One is the peak stage of
Xylophyte plants from mid-April to end of May and
other herbaceous plants from early-August to mid-
September. The maximum count was around 343 000
grains/1000 m3 of air in mid-May. The second high
season was in the end of August with 307 000 grains of

pollen/1000 m3 of air and the lowest season was in early
February with 100 grains of pollen/1000 m3 of air
(Fig. 2). Of those airborne pollen and spores, Betula
and Populus in spring and Artemisia, Ambrosia, Cheno-
podiaceae and Gramineae in autumn can induce allergic
airway diseases.

Air quality in the city of Beijing

Although the role of air pollution in the development of
allergic disease especially in athlete is not clear, several
studies have demonstrated an association between
increased air pollution and the increased risk of allergic
sensitization and prevalence of allergic diseases world-
wide. Studies investigating the effect of pollution resulting
from vehicle and industrial emissions have shown asso-
ciations between increased pollution and increased risk/
prevalence of airway allergic diseases (21–23). Therefore,
air quality in city of Beijing as well as other areas of
China during the period of 2008 Olympic Games becomes
important issue to Chinese Organization of 2008 Olympic
Games.

Ambient air pollution in China was severe in the last
century. Chinese public health and environmental science
professionals began studying air pollution-related prob-
lems in the early 1950s (24). Studies conducted in
Shenyang in north eastern China in the 1950s showed
total suspended particles (TSP) levels sometimes reaching
several hundreds to almost 1000 lg/m3 (25). After China
joined the Global Environmental Monitoring System
(GEMS) programme in the late 1980s of the last century,
regular systematic monitoring of air pollutants has
become routine practice and analytical quality control
procedure observed (26). From a GEMS report published
by UNEP/WHO, ambient SO2 level in Beijing in the
1980s was around 100–130 lg/m3 (27, 28), TSP level

Figure 1. Distribution and counts of dust pollen samples of the principal nonarboreal taxa in the East China.
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250–450 lg/m3 (29, 30). In the past, Beijing and Lanzhou
ranked high in TSP level, and Chongqing high in sulphur
dioxide level (31–33). In the case of Beijing this might be
partly due to sandstorms coming from the north (34).
Generally speaking, many Chinese cities were high in
suspended particulate level (35–37). On the other hand,
the number of motor vehicles increased from 210 000 to
1 040 000, and NOx level in ambient air increased from
65 to 90 lg/m3 (35). In general, suspended particulate
concentration levels in cities in northern China are higher
than those in southern China, while SO2 concentration
levels do not differ much. Air pollution in winter is
generally more serious than that in summer (38–40).
As the motor vehicle population in China continues to

increase at an annual rate of approximately 15%, air
pollution related to vehicular emissions has become the
focus of attention, especially in large cities (41). There is
an urgent need to identify the severity of this pollution in

China. Based on an investigation into vehicle service
characteristics, one study used a series of driving cycle
tests of in-use Chinese motor vehicles for their emission
factors in laboratories, which indicated that CO and HC
emission factors are 5–10 times higher, and NOx 2–5
times higher, than levels in developed countries. Results
show that vehicle emission is concentrated in major cities,
such as Beijing, Guangzhou, Shanghai and Tianjin (42).
Motor vehicle emissions contribute a significant propor-
tion of pollutants in those cities, with contribution rates
of CO and NOx greater than 80% and 40%, respectively,
in Beijing and Guangzhou. Urban air quality is far worse
than the national ambient air quality standard (42).

Based on air quality data from August 8 to 29, 2007,
the International Olympic Committee�s (IOC) Medical
Commission found that the air quality will be suitable for
the health of most athletes competing in the 2008
Olympic Games. The commission spent several weeks
analyzing readings on temperature, wind, humidity and
the pollutants SO2, NO2, CO, ozone and PM10 provided
by the Beijing Environment Protection Bureau for the
time period indicated. And two other facts further
support the finding. First, team physicians for athletes
who competed in the August 2007 �Good Luck Beijing�
sport events did not report any air quality-related health
issues to Beijing Organizing Committee for the Olympic
Games (BOCOG) or the IOC. Second, no health issues
related to air quality were reported at the International
Association of Athletics Federations (IAAF) Junior
World Championships, which were held in Beijing in
August 2006.

Since 1998, Beijing has seen the number of days with
Grade 2 or better air quality increased from 100 in 1998
to 246 days in 2007. A grade of 2 or better marks a �good�
or �excellent� air quality indicates that the air quality
index ranges from 0 to 100. At the meantime, the days
with medium to high level of air pollution that with the
air quality index exceeds 200 decreased from 141 days in
1988 to 12 days in 2007. The annual average concentra-
tion of major air pollutants decreased in 2007 compared
with 1998 – sulphur dioxide (SO2) by 60.8%, carbon
monoxide (CO) by 39.4%, nitrogen dioxide (NO2) by
10.8% and particle pollution by 17.8%. The annual
average concentration of SO2, CO and NO2 now meet
national standards (Fig. 3).

In the late of this July, the Olympic village in Beijing
will open to the athletes and team staff. After the Olympic
Games, the Paralympic Games will be held in this
September. So, we focus the air quality of July to
September in recently years. The number of days with
Grade 2 or better air quality in Augusts reached 27 and
28 days during 2006 and 2007. And the monthly average
Air Pollution Index (API) in July and August were within
100 since 2004. The air quality data of January and
February in 2008 were compared with other recently
years, we found that the days with Grade 2 or better air
quality were increased dramatically in 2008, it reached

Figure 2. Pollen count diagram in northeast plain of China
(grains/1000 m3 air).

Allergy and asthma in Olympic athletes

� 2008 The Authors
Journal compilation � 2008 Blackwell Munksgaard Allergy 2008: 63: 962–968 965



26 days for both January and February. It indicates that
the effect of implementing measures to reduce air pollu-
tion in Beijing emerge gradually. Arne Ljungqvist,
chairman of the IOCs medical commission, said that
the air quality in the Beijing this August will be good
enough for Olympians during the Beijing Games (http://
chinadaily.com.cn).

Measures taken by Chinese Government before and during
2008 Olympic Games

A series of measures have been taken by the Chinese
Government to minimize air pollutants, especially dur-
ing the Olympic Games. These measures include: (1)
utility of clean energy sources. By the end of 2006, 78%
of terminal energy sources consumed in Beijing had been
composed of clean energy sources such as natural gas.
About 3.8 billion m3 of natural gas were supplied to
Beijing in the year 2006. About 60 000 boilers had been
altered to change energy sources from coal to natural
gas. (2) Prevention of pollution from motor vehicles.
Stricter standards limiting the level of exhaust fumes
discharged by motor vehicles have been adopted by the
Government. The second stage of national standards
regarding exhaust fumes discharged by motor vehicles
(i.e. Euro II standards) was carried out in the year 2002;
the third stage of the national standards (i.e. Euro III

standards) was executed in the year 2005. The fourth
stage of the standards (i.e. Euro IV standards) also has
been carried out from March 2008. During the Olympic
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Figure 3. The annual average concentration of major air pol-
lutants decreased during1998 to 2007.

Table 1. Air quality standard/guideline values

Average
time (h)

National standard
(mg/m3)

WHO AQG
2000 (mg/m3)

SO2 24 0.15 0.125
NO2 24 0.12

1 0.24 0.20
PM10 24 0.15 *

*No specific requirement in WHO AQG 2000.
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Games, the alternative number plate policy will also be
adopted by the Beijing Government. (3) Industrial
pollution control. More than 140 enterprises causing
serious air and/or water pollution had been closed or
relocated from the Beijing area. (4) Afforestation. By the
year of 2006, 2 years ahead of schedule, the forest
coverage in Beijing had reached 51%, and the ecosystem
in Beijing has been improved considerably. (5) Rein-
forcement the control of dust pollution caused by
construction sites.
All these measures have achieved good results. The

concentrations of air pollutants in Beijing have declined
year-by-year. The concentrations of main pollutants
(such as SO2, NO2 and PM10) in August 2006 had been
lower than the national Standards of Air Quality of
China and WHO Air Quality Guidelines 2000 (WHO
AQG 2000). The detail levels of main pollutants are listed
in Table 1, and showed in Figs 4–6.
During the Beijing Olympic Games, 21 dedicated

medical facilities will provide medical services to athletes

and delegations from all over the world. The medical
teams on site will also been composed of doctors and
nurses from these hospitals. A respiratory specialist will
also be on duty in the polyclinic in Beijing Olympic
Village. Whether on site or in hospital, these doctors are
well trained to deal with asthma attacks and anaphylactic
allergic reactions and will follow the guidelines of IOC
medical commission. The lung function laboratory in
Beijing Chao-yang Hospital has been assigned as �dedi-
cated pulmonary function testing laboratory for the
Beijing Olympic Games�. The athletes with symptoms
such as wheezing and breathless can receive airway
challenge or bronchodilator tests in the laboratory. The
doctors there will help the asthmatic athletes apply for
therapeutic use exemption.
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