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Abstract: Deteriorating air quality in China has created global public health concerns in 

regard to health and health-related behaviors. Although emerging environmental regulations 

address ambient air pollution in China, the level of enforcement and long-term impact of 

these measures remain unknown. Exposure to air pollution has been shown to lead to 

multiple adverse health outcomes, including increased rates of heart disease and mortality. 

However, a lesser-known but increasingly significant concern is the relationship between air 

pollution and its effects on outdoor exercise. This is especially important in China, which 

has a culturally rooted lifestyle that encourages participation in outdoor physical activity. 

This article evaluates the intersection of air pollution and outdoor exercise and provides a 

discussion of issues related to its public health impact in China, where efforts to promote a 

healthy lifestyle may be adversely affected by the ambient air pollution that has accompanied 

rapid economic development and urbanization. 
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1. Introduction 

In recent years, China’s ever-increasing air pollution problem has attracted worldwide attention. Air 

pollution commonly refers to the concentration of harmful emissions in the environment, usually from 

heavy traffic, industry, power generation, and coal smoke. These pollutants, induced by human activity, 

can have a major impact on public health, and international government agencies and health 

organizations, including the World Health Organization (WHO) and the Chinese government, have 

provided specific air quality guidelines to limit human exposure to ambient air pollutants such as 

particulate matter (soot), ozone, and nitrogen dioxide (see Table 1) [1–4]. However, meeting these 

guidelines for improving urban air quality presents a great challenge in China, which remains in the 

midst of a rapid expansion of economic development and urbanization.  

Table 1. Current guidelines for air pollutant exposure limits. 

Pollutant 
WHO [1] US [2] EU [3] China [4] 

Annual 24 h Annual 24 h Annual 24 h Annual 24 h 

PM2.5 10 25 12 35 12 25 15 35 

PM10 20 50   20 25 40 50 

SO2  20   8 50 40 80 

NO2 40      20 50 

Notes: PM2.5 = Particulate matter with a diameter of 2.5 micrometers, measured in µg/m3; PM10 = Particulate 

matter with a diameter of 10 micrometers, measured in µg/m3; SO2 = Sulfur dioxide, measured in µg/m3;  

NO2 = Nitrogen dioxide, measured in µg/m3. 

As an indication of the seriousness of air pollution in major cities in China, including Beijing, Shanghai, 

Guangzhou, and Xi’an, PM2.5 air pollution has routinely exceeded the current guidelines. For example,  

air pollutant concentrations in most major urban areas in 2013 exceeded WHO guidelines [5] by four 

times or more the average annual limit for PM2.5 and by two times or more for PM10 (see Table 2). In the 

same year, 92% of 74 cities in China failed to meet China’s national ambient air quality standards [6].  

In some cities, PM2.5 values have reached extremely hazardous levels. For example, on 12 January 2013, 

data on daily PM2.5 concentration levels measured by the U.S. Embassy’s Beijing Air Quality Monitor 

registered an unprecedented 886 μg/m3 [7], a value 35 times higher than the guideline limit set by WHO [1]. 

A satellite image taken by NASA two days after the peak recording is shown in Figure 1. Such hazardous 

levels, as determined by the Air Quality Index set by the U.S. Environmental Protection Agency (EPA) [2], 

are likely to affect the entire Chinese population. In terms of the impact on public health, the worsening 

pollution situation in China has been described as “more horrible” than the SARs epidemic in 2002 [8], 

given that it is likely to increase cardiovascular and cerebrovascular health risks among China’s total 

population [9,10]. According to estimates released from the Global Burden of Disease Study [11], 

ambient air pollution contributed to more than 1.3 million premature deaths in China in 2010, ranking it 

first among 15 countries in terms of premature mortality attributable to air pollution, with the preventable 

death rate being higher in megacities such as Beijing, Tianjin, Chengdu, and Shanghai [12]. Ultimately, 

cities such as Beijing may become “uninhabitable for human beings” [13]. 
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Table 2. Annual average concentrations of air pollutants in selected major Chinese cities in 2013. 

City PM2.5 PM10 SO2 NO2 

Beijing 89 108 26 56 
Tianjin 96 150 59 54 
Harbin 81 119 44 56 

Shanghai 62 84 24 48 
Nanjing 78 137 37 55 

Hefei 88 119 44 56 
Wuhan 94 124 33 60 

Changsha 83 94 33 46 
Guangzhou 53 72 20 52 
Chongqing 70 106 32 38 
Chengdu 96 150 31 63 

Xi’an 105 189 46 57 

Notes: PM2.5 = Particulate matter with a diameter of 2.5 micrometers, measured in µg/m3; PM10 = Particulate 

matter with a diameter of 10 micrometers, measured in µg/m3; SO2 = Sulfur dioxide, measured in µg/m3;  

NO2 = Nitrogen dioxide, measured in µg/m3. 

 

Figure 1. A satellite image taken on 14 January 2013. There was extensive haze, low clouds, 

and fog over the Beijing and Tianjin region. The brightest areas tend to be clouds or fog, 

which have a tinge of gray or yellow from the air pollution. Ground-based sensors at the 

U.S. Embassy in Beijing reported a PM2.5 concentration of 291 μg/m3 of air on this day. 

Source: http://earthobservatory.nasa.gov/IOTD/view.php?id=80152. 

Ambient air pollution has long been recognized as having adverse health effects on humans. 

Epidemiological studies have shown that it is associated with increased risk of developing respiratory and 

cardiovascular diseases, increased incidence of lung cancer and pneumonia, and increased mortality [14–17]. 

However, neither the extraordinary magnitude and severity of China’s air pollution nor the extent to 

which it impacts human health has been fully examined or understood. Of particular public health 

concern is the adverse health impact it has on millions of people who routinely engage in outdoor 

physical activity for the purpose of maintaining fitness and health [18].  
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A previous paper [18] highlighted this issue and emphasized the importance of developing public health 

measures and surveillance systems to maximize the safety of outdoor physical activity in a polluted 

environment. The present article provides an update and review of the research into the association between 

air pollution and physical activity and its impact on health, as well as proposing future research projects to 

better understand these relationships. It concludes with a brief discussion of the implications of air 

pollution for public health and the promotion of physical activity in polluted environments. 

2. Physical Activity and Air Pollution Exposure 

2.1. Health Significance of Air Pollution Exposure while Exercising Outdoors  

Engaging in physical activity requires oxygen intake, with the demand for oxygen increasing as 

exercise intensity increases. Breathing through the mouth, which becomes more common with exertion, 

bypasses nasal filtration mechanisms and both increases the amount of pollution inhaled and the degree 

to which it travels into the respiratory system. Thus, exercising in a polluted environment (e.g., one with 

high vehicular traffic) exposes individuals, especially sensitive ones, such as asthmatics, children, and 

the elderly, to combustion-related airborne pollutants (e.g., nitrogen oxides, carbon monoxide, PM, and 

ozone). Such exposure can inflame airways and worsen asthmatic responses [19–22] and trigger health 

problems or exacerbate existing ones such as asthma [23], cardiovascular disease (including myocardial 

infraction [24]), and cancer [25], leading to premature death [26,27]. 

Therefore, although exercise is known to be highly beneficial to health [28–34], engaging in it in a 

polluted environment may increase population-wide health risks [25]. In some cases the risks may 

outweigh the benefits because of the potential for long-term deleterious effects on health. The fact that 

most recreational physical activities in China are done outdoors [35] has made exposure to ambient air 

pollution a significant public health issue [18].  

2.2. Potential Health Risks and Benefits of Physical Activity due to Ambient Air Pollution Exposure 

Increased respiratory uptake and deposition of air pollutants in the lungs due to higher minute 

ventilation during physical activity may amplify the adverse effects of air pollution on health [25]. 

Several studies [22,23,36–39] have documented evidence of acute deleterious health effects of physical 

activity with even short-term exposure to air pollution. For example, adults with asthma who walked on 

a busy street in London for only two hours were found to have reduced lung function [36]. Similarly, 

young children engaged in high levels of exercise (i.e., participating in more than three athletic activities) 

in communities with high concentrations of ozone were shown to have a higher incidence of asthma 

compared to children who exercised in low-ozone communities [23]. Reduced lung function has been 

observed among runners after they ran near busy highways [37] and among cyclists after they rode along 

heavy traffic routes during rush-hour traffic [39].  

In contrast to findings that show a simple negative relationship between exercise and air pollution,  

a number of studies suggest more complex relationships, including physical activity modifying or 

attenuating the health risks of air pollution exposure or pollution undermining the health benefits of 

activity. For example, a study by Yu et al. [40] showed that habitual physical exercise among children 
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8 to 12 years old in a low-pollution district improved cardiopulmonary fitness in regard to maximal oxygen 

uptake, but this beneficial effect was not observed among children living in a high-pollution area. 

Two recent experimental studies [41,42] conducted in Barcelona (Spain), examined interactions 

between short-term effects of traffic-related air pollution (2 h in exposure duration) and intermittent 

moderate physical activity (consisting of 15-min intervals of alternating rest and cycling on a stationary 

bicycle) on heart and lung function in healthy individuals. Results on arterial blood pressure responses 

showed that physical activity weakened air-pollution-induced increases in systolic blood pressure, with a 

stronger effect under a low-air-pollution exposure condition [41]. Additionally, respiratory and 

inflammatory responses indicated that while air pollution increased negative aspects of both, exercising 

mitigated these changes [42].  

With respect to mortality risk, an observational study conducted in Hong Kong revealed a similar 

complex relationship in that sedentary older adults with acute exposure to air pollution had a higher mortality 

risk attributable to the exposure compared to those who engaged in habitual physical activity [43]. The study 

also showed that older adults who engaged in a moderate level of exercise had lower mortality risk 

compared to those who engaged in a high level of exercise. In a recent large-scale prospective cohort 

study, Andersen et al. [44] showed that long-term exposure to nitrogen dioxide (NO2) among urban 

individuals between 50 and 65 years of age in Denmark modified beneficial health effects of sports 

participation on mortality, with stronger effects on individuals living with moderate to low levels of 

exposure to air pollution (i.e., less than 19.0 µg/m3 in NO2 exposure). Collectively, findings from these 

studies suggest that exercising in a polluted environment may not be completely detrimental to health, and, 

in some cases, the benefits of physical activity may outweigh the risks related to air pollution exposure.  

3. Future Research Needs 

Despite the clear evidence that exposure to air pollution is detrimental to health [26,27], findings from 

epidemiological studies on the relationship between air pollution and physical activity are mixed,  

with some evidence that the health benefits of physical activity may not be adversely affected by 

exposure to air pollution [40–42,44]. The current key issue is the unknown demarcation point between 

the level of pollution at which physical activity can attenuate health risks associated with pollution and 

the level at which physical activity increases negative health outcomes due to pollution. 

Given the unprecedented situation in China in terms of the extent of its pollution problem and its high 

population density, the lack of population-based epidemiological studies that link ambient air pollution, 

physical activity/inactivity, and health is extremely problematic. In this regard, research that addresses 

context-specific effects of air pollution on physical activity in China is urgently needed.  

First, air pollution in China is considered to be extreme because of the country’s exceptional scale of 

industry. Since most studies on physical activity and pollution have been conducted in developed 

countries where air pollution is far less severe, the extent to which those findings are applicable to China 

is unclear. Therefore, it is critical that an assessment of the severity of negative health consequences or 

physical activity effects resulting from acute and chronic exposure to air pollutants be undertaken in China. 

Next, as air pollution continues to worsen in China, research is needed to explore the relationship 

between changes in health outcomes (positive and/or negative), total time engaged in physical activity, 

and level of pollution. Although animal-based research shows long-term protective effects of exercise 
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on mice [45], there have been no human studies that help determine the critical time point at which 

continued or cumulative exposure to air pollution while exercising leads to a decrement in health 

outcomes. Future research should focus on mechanisms underlying the relationship between exercise 

and optimal health outcomes as modified or mediated by either acute or chronic exposure to various 

levels of air pollutants. 

With the implementation of environmental laws by the Chinese government [46], epidemiological 

studies are needed to assess whether associations between long- and short-term concentrations of air 

pollution and indicators of health risks can be modified by levels and types of physical activity, as well 

as the locations (e.g., streets, residential areas) where physical activity is performed [47]. Given that air 

pollutant levels may change due to seasonal weather or climate changes, studies are needed to understand 

how the level of exposure (low, medium, high) impacts physical activity in the general population as 

well in “sensitive” populations involving children, older adults, and people with existing chronic medical 

conditions [47]. Conversely, as shown by Wong et al. [43], research is needed to delineate the optimal 

level or threshold effect of physical activity at which it can be protective against air-pollution-related 

health risks or mortality.  

Acquiring knowledge in these areas is important from the perspectives of public health and physical 

activity promotion because air pollution discourages people from engaging in regular outdoor physical 

activities [48–50]. Evidence-based knowledge is also important to inform decision-making by 

government and public health authorities in developing guidelines and intervention strategies to promote 

active lifestyles while reducing the risks from exposure to air pollution [47]. 

4. Public Health Implications 

Despite the known adverse health impact of air pollution, current evidence from epidemiological and 

ecological-based studies suggests that engaging in physical activity in a polluted-air environment may 

not diminish the positive effects of exercise and should not be completely avoided in such environments. 

Moderate levels of physical activity, such as habitual walking or cycling, may still be beneficial for 

healthy individuals if done where the concentration of airborne pollution is low [41,44]. However, 

evidence is lacking on the balance between the health risks and benefits at different pollution levels and 

in diverse populations (e.g., healthy individuals vs. those who are susceptible to certain diseases), 

indicating that different strategies may be needed for subpopulations that face greater health risks.  

The fact that engaging in physical activity in outdoor settings [35,51] is a tradition in China makes it 

important to consider environmental modifications and protective strategies for exercise. Certain air 

pollutants, such as PM, are modifiable, and interventions can therefore be developed to mitigate the level 

of air pollution. One strategy to offset the great expansion of urbanization is to develop green spaces that 

can counter the health hazards induced by air pollution [52] and then promote behaviors such as physical 

activity in these green spaces [53,54]. With increasing dependence on automobiles in China, encouraging 

community walking for utilitarian purposes becomes increasingly important for maintaining healthy 

lifestyles, providing health benefits, and helping reduce motorized traffic and its harmful emissions of 

NO2 [55–57].  

Finally, habitual exercisers must be educated in precautions against pollution by staying away from 

heavy traffic or industrial areas [37] or by eliminating exercise when pollution levels are known to be 
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high [37]. Research shows that regular and timely air quality alerts are important for informing the public 

about harmful air pollution and for helping people make decisions about engaging in physical activities [48]. 

Other protective strategies that can offset adverse health effects of air pollution include taking 

antioxidant supplements, wearing a facemask, and avoiding high-traffic areas [58]. A final untapped area 

is the provision of education and information for health care providers about potential risks for exercising 

outdoor on highly polluted days, especially for patients with existing medical conditions.  

5. Conclusions  

Air pollution in China poses a major public health threat to the promotion of physical activity. In the 

absence of the enforcement of meaningful environmental regulations to temper growing industrialization 

and urbanization, air quality will continue to deteriorate, exposing exercisers to higher levels of toxic air 

pollutants. Thus, large-scale public health initiatives, including expanded epidemiological research, are 

needed to protect the population and the long-standing Chinese tradition of exercising outdoors.  
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