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ABSTRACT As global awareness of air pollution rises, so does the imperative to provide evidence-based
recommendations for strategies to mitigate its impact. While public policy has a central role in reducing
air pollution, exposure can also be reduced by personal choices. Qualified evidence supports limiting
physical exertion outdoors on high air pollution days and near air pollution sources, reducing near-
roadway exposure while commuting, utilising air quality alert systems to plan activities, and wearing
facemasks in prescribed circumstances. Other strategies include avoiding cooking with solid fuels,
ventilating and isolating cooking areas, and using portable air cleaners fitted with high-efficiency
particulate air filters. We detail recommendations to assist providers and public health officials when
advising patients and the public regarding personal-level strategies to mitigate risk imposed by air
pollution, while recognising that well-designed prospective studies are urgently needed to better establish
and validate interventions that benefit respiratory health in this context.
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Introduction
Air pollution and climate change were recognised as the top environmental global threats to human health
in 2019 by the World Health Organization (WHO) [1]. A recent refined modelling indicates that prior
prediction models have underestimated the health burden of air pollution and estimates there are currently
approximately 9 million annual deaths from global air pollution [2] with >99% of deaths due to household
air pollution, and nearly 90% of deaths due to ambient air pollution occurring in low- and middle-income
countries [3] where burning of solid fuels for cooking and heating is a major health concern [4]. Over
25% of premature deaths associated with air pollution were reported to be respiratory in nature [5] and we
focus this review on respiratory health, knowing that minimising airway exposure generally protects also
against cardiovascular effects (given that inhalation is the common portal of entry) [6–8]. Since there is no
known level of air pollution exposure that is risk free, strategies to minimise daily exposure can be
impactful across a wide range of settings and the nonlinear nature of the exposure–response curves for
many health outcomes implies that the greatest benefits may occur when relatively low air pollution
exposure levels are reduced even further [2, 9].

Urban planning must evolve so that concerns regarding air pollution become central to development
(rather than an afterthought), and city centres must become practically designed so as to make living and
working in close proximity attractive. This will avoid sprawl and make active transport more realistic. Such
planning is critical. Other aspects of public policy play a primary role in source control and structural
approaches to minimise exposure, and individuals should act as broadly as possible to reduce the root
causes of fossil fuel dependence (through consumer choice, participation in the democratic process or
other advocacy). Still, the impact of air pollution can also be reduced by personal choices. Therefore, the
public must be empowered with strategies to minimise the effects of air pollution on respiratory health,
but there remains an unmet need in providing education and support to communities around ways in
which they can limit their exposure to the harmful levels of air pollution [10]. A report in 2016 by the
Royal College of Physicians in the UK recommended that healthcare professionals (HCPs) should help
vulnerable patients protect themselves from the effects of air pollution [11] and yet a subsequent
workshop convened by the European Respiratory Society highlighted the lack of evidence-based tools
available in this regard [10].

Accordingly, HCPs should be armed with up-to-date scientific evidence in order to prescribe
impact-reducing tactics. This will allow HCPs to leverage their position as trusted messengers and embrace
their responsibility to educate and advocate for preventive measures rather than simply reactive treatment.
Our aim, therefore, is to provide recommendations for individuals to minimise their personal exposure to
air pollution with advice that can be adapted to local needs in different countries, particularly when
relevant to those who suffer from respiratory conditions, such as asthma and chronic obstructive
pulmonary disease (COPD), or are at risk for these conditions. We designed a search strategy to uncover
evidence surrounding 10 key approaches for reduction of outdoor or indoor air pollution exposure, after
which we detailed and finally summarised that evidence for the reader.

Search strategy and selection criteria
PubMed and Google Scholar were searched from January 1, 2013 to January 1, 2019 for search terms
relating to air pollution, respiratory health, and strategies to minimise exposure to air pollution from
ambient and household sources. The full list of the search terms and the resulting “hits” can be found in
supplementary table S1. The flowchart of the literature review is shown in figure 1. Using that approach,
we identified peer-reviewed scientific evidence that addressed the effectiveness of personal-level
interventions to reduce exposure to air pollution, as well as the role therein of effect modifiers such as diet
and lifestyle. Additionally, key knowledge gaps and research directions were identified to help clarify
current uncertainties relating to air pollution exposure and health outcomes. The literature search was
restricted to the 6 years up to 2019 in order to build on previous expert reviews and focus on the most
up-to-date evidence. In order to assess the strength of the evidence, a level-of-evidence score was assigned
to include clinical studies based on the grading used in the Global Initiative for Asthma (GINA)
(supplementary table S2), inclusive of those scenarios in which recommendations are driven primarily by
expert opinion rather than strong primary evidence [12].

Minimising personal exposure to ambient air pollution
Use facemasks under appropriate circumstances (evidence grade C)
Recommendations

• When anticipating unavoidable exposure to ambient air pollution exceeding recommended levels,
consider close-fitting N95 facemasks after becoming informed about their limitations and pitfalls.
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• When using a facemask, follow manufacturers’ guidance on correct mask usage, maintenance and fit,
including a user seal check [13].

• People with chronic respiratory, cardiac or other conditions that make breathing difficult should check
with their healthcare provider before using an N95 facemask [14].

Background and evidence
Use of filtering facemasks to reduce inhalation of high air pollution levels is becoming more commonplace
and socially acceptable around the world, particularly in Asia [15], but effectiveness varies according to the
type of mask and filter, type of pollutant, and conditions of use [16]. Furthermore, filters are designed to
remove particles and require additional absorbing features such as activated charcoal to efficiently remove
gases [13, 16, 17], which are inconsistently effective and come at an increased cost.

Mask effectiveness is related to filter quality and coverage, number of different filter layers, how well the
mask fits to the face, and the size of incoming particles (N95 effectiveness drops considerably within the
ultrafine range) [18]. Facial hair [14], facial structure and movement have a large impact on the actual
protection conferred, even if the laboratory-based filtration efficacy is high [19]. To measure the
effectiveness of facemasks, a study in Beijing in China measured the amount of black carbon inside a
mask, expressed as a percentage of the black carbon concentration outside of the mask (in an exposure
chamber), to determine the average total inward leakage of black carbon; this ranged from 3% to 68%
dependent on mask design and fit [19]. Furthermore, user comfort and acceptability are important for
mask effectiveness [16], but are not routinely tested or uniformly certified in the consumer context. Users
who, based on age [14] or ethnicity [20], are outside of the typical testing prototype may have particular
challenges.

Masks can trap warm, moist air, leading to rashes or overheating [21] and potentially pathogen retention
[22]. Additionally, respirators may increase resistance to breathing, which may contribute to potential
cardiovascular effects [16, 23, 24]. Cloth masks, which are inexpensive and used commonly in
underdeveloped regions, remove only 15% of particles of size typical of diesel engine emissions [25] and
are far inferior to protection against fine particles than facemasks rated as N95 (defined as filtering ⩾95%
of 0.3 µm particles under test conditions) [13, 14, 25].

Disposable surgical masks appear more effective than cloth or “bandana-style” masks [26, 27]. However,
the design of surgical masks confers poor facial fit [14] and often high inward leakage during actual use
[19]. Facemasks may even confer on users a false sense of security and an assumption of protection that
can detract from primary air pollution avoidance efforts [25].

Evidence that N95 facemask use has an impact on cardiopulmonary health is limited. Short-term (2 h) use
reduced particle-associated airway inflammation [24] and improved measures of autonomic nervous
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FIGURE 1 Flowchart of the literature review.
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function [8, 28] and blood pressure [8] versus wearing no facemask. N95 facemask use reduced the decline
in lung function associated with air pollution among traffic police in Nepal [27]. In a small, randomised,
crossover study, powered air-purifying respirators with high-efficiency particulate air (HEPA) filters (likely
impractical for most users) reduced exhaled markers of oxidative stress in individuals in cars within heavy
traffic versus without HEPA filters [29], although another study using a standard N95 facemask showed no
protection from systemic oxidative stress [24].

With technical improvements (e.g. using nanofibre technologies, metal-organic coatings and antimicrobial
features, and the use of three-dimensional printing for better fitting personal facemasks), facemasks may
provide better filtration and comfort [30–33]. However, each such innovation requires rigorous testing to
ensure effectiveness.

Shift from motorised to active transport whenever possible (evidence grade C)
Recommendations

• A shift from motorised to active transport (cycling or walking) should be encouraged.
• Infrastructure should be designed to prioritise active transportation and make age-appropriate

accommodations.

Background and evidence
High exposures to traffic-related air pollution (TRAP) can occur inside vehicles due to the proximity of air
intake of exhaust emissions from neighbouring vehicles as well as while walking or cycling alongside roads
[34]. Comparing air pollution exposures related to active versus motorised travel modes found the highest
exposures for air pollutants such as particles with a 50% cut-off aerodynamic diameter <2.5 µm (PM2.5),
black carbon and ultrafine particles (UFPs) were in car drivers and the lowest exposures were in cyclists or
pedestrians [35, 36], although other studies have reported conflicting results [37–39]. Proximity to
motorised traffic was associated with high cyclist and pedestrian exposure concentrations [40, 41],
particularly when cycling along roads shared with motor vehicles [37, 42].

Cyclists, followed by pedestrians, have the highest level of inhalation and uptake dose of air pollutants
(owing to their close proximity to traffic, increased respiration rates and longer journeys) while the lowest
are in train, metro and subway commuters, and motorcyclists [43–45]. However, the benefits of physical
activity when actively commuting versus using motorised transport appear to outweigh the risks associated
with the increased inhaled dose of air pollutants [43, 46–48] and a protective effect of physical activity
with respect to mortality even in high air pollution environments has been reported [49, 50].

Walking along a traffic-polluted road curtails or even reverses the cardiorespiratory benefits of exercise in
older individuals and in adults with chronic cardiorespiratory disorders [51]. However, older people may
be more vulnerable to traffic incidents while walking or cycling than younger people [47].

A shift from car and public transport use to active transport (cycling or walking) has been advocated [52,
53] with benefits derived from a reduction in traffic volume and related air pollution emissions leading to
overall health benefits [54] in spite of minor reductions in lung function in some contexts [55].

Choose travel routes that minimise near-road air pollution exposure (evidence grade C)
Recommendations

• Avoid major intersections, queuing traffic, heavily trafficked roads and higher-emission sides of a given
road.

• Select routes with open spaces and/or greater heterogeneity in building morphology to facilitate
dispersal of air pollutants.

• Use designated off-road cycle tracks versus on-road bicycle paths.
• Use up-to-date real-time information on local air quality, such as mobile phone applications, news

feeds and websites, to guide route and timing.

Background and evidence
TRAP levels decline steeply with increasing distance from motorised vehicles [16, 41], with up to 10 times
lower concentrations of black carbon when 10 m away from traffic roads [56]. Therefore, increasing the
distance between pedestrians and cyclists from vehicle emissions is a fundamental aim. Even crossing to
the less polluted side of a given same road can lead to a reduction of 18% of exposure to PM2.5 [57, 58].

The highest particle number concentrations are found at the most congested and highly built-up parts of a
route such as at traffic intersections [59], with levels 29 times higher than those found during free-flowing
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traffic conditions [60]. Pedestrian and cyclist exposure at traffic intersections was higher than on roads
with free-flowing traffic [56, 61, 62]. Repeated vehicle accelerations and decelerations at intersections also
increase in-vehicle TRAP exposure [63]. In contrast, roads in urban areas with open space and
heterogeneous building morphology had around 2–3-fold lower concentrations of traffic emissions [61].
Therefore, choice of commuting routes and shifting active travel by cycling from a high-traffic road to an
adjacent low-traffic road would lead to lesser exposure [41, 61, 62, 64, 65].

Bike paths or routes separated from motor traffic lanes had lower levels of air pollutants [66, 67]. The use
of designated off-road cycle tracks versus on-road bicycle paths reduced cyclist exposure to air pollutants
[43, 67–69], and use of sidewalks and off-road bicycle lanes separated by 7 and 19 m from the roadways
resulted in significantly lower exposure than on the road [69]. The use of designated off-road footpaths
and cycle tracks may be considered in community-level interventions (figure 2). Many of these routes may
be associated with green space, which appears to provide mental health, metabolomic and cardiovascular
benefit, but may unfortunately confer risk to respiratory health [73].

Children are, by their shorter stature, closer to the source of air pollution and have a faster respiratory rate
which results in their exposure to black carbon being disproportionately high, particularly in association
with transit to and from school, and at school [74]. Children’s exposure can be reduced by avoiding major
intersections, busy roads and queuing traffic where possible, and walking on the least trafficked side of the
road [58]. Walking on the downhill side of the road (relative to traffic flow) may also help since driving
uphill induces engine load, which increases emissions [75].

OPTIMISE LAND USE AND ACCESS TO GREEN AREAS
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FIGURE 2 Community-level interventions. TRAP: traffic-related air pollution.
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Optimise driving style and vehicle settings (evidence grade D)
Recommendations

• Optimise and maintain vehicle filtration/ventilation and, when in conditions of high air pollution,
drive with windows closed and keep the air on internal circulation.

• Avoid rapid accelerations and decelerations, restrict engine idling, and correctly maintain vehicles.

Background and evidence
As a society, we should promote incentives to move away from fossil fuel combustion, support alternative
energy sources and associated infrastructure such as charging stations, and encourage development of
nonpolluting materials for brakes and tyres. However, individuals who use personal vehicles for travel
(even if they themselves use vehicles with noncombusting technology, such as electric vehicles) are exposed
to levels of air pollution dependent on ventilation parameters, the ventilation system, and natural leakage
from door seals and window cracks of the vehicle [16]. Car-cabin pollutant levels are similar to outdoor
concentrations of particulate matter and carbon monoxide (CO) levels when windows are open [76]. While
in traffic, opening car windows increased in-car cabin black carbon and UFP concentrations by 2–4-fold
versus driving with windows closed [40, 77, 78] and in buses, by 3-fold [79]. Driving with windows closed
was found to reduce traffic-related PM2.5 exposure by around 3-fold versus windows open [37].

Physical barriers such as controlled ventilation settings in cars help to extract and filter fine and coarse
particles from the vehicle microenvironment [43]. Driving personal vehicles with windows closed and with
air conditioning set to the “recirculate” setting reduced in-vehicle particle concentrations by up to 75% versus
driving with windows open [68] and PM2.5 exposure levels were reduced by approximately 40% [80]. Using
a fan set to recirculation versus external circulation mode while in traffic reduces TRAP exposures [76, 81],
with one study showing UFP exposure reduction of up to 20% by recirculation through a HEPA filter [82].

Driving patterns such as frequent accelerations and idling influence vehicles emissions [76]. Frequent
idling of vehicles was associated with high pollutant exposure for commuters using ground motorised
transport on over-congested routes [43], while increasing levels of outdoor air pollutants [83], increasing
in-vehicle exposures to air pollutants such as UFPs and black carbon [84], and increasing in-car volatile
organic compound concentrations 1.3–5.0-fold compared with when the engine was off [85]. Idling
prohibition or anti-idling campaigns near schools have shown significant reduction in particulate matter
and harmful pollutants around schools [83, 86].

Older vehicles tend to generate higher emissions due to deterioration of vehicle control systems [87],
incomplete combustion of fuel and oil, abrasion and wear of tyres and metallic components [88], and
more permissive emission standards than newer vehicles.

Moderate outdoor physical activity when and where air pollution levels are high (evidence grade C)
Recommendations

• Regular physical activity is generally beneficial except in conditions of extreme air pollution (especially
for those with significant susceptibility such as cardiopulmonary disease).

• When exercising, do so away from traffic whenever possible, follow local air quality forecasts and plan
outdoor activities around them.

• Decrease or stop exercising when noticing concerning symptoms such as coughing, chest tightness or
wheezing.

Background and evidence
Outdoor activity and exercise could increase the impact of air pollution on respiratory health due to
increased inhaled dose of air pollutants and to bypassing the nasal filtration defences [89]. Strenuous
exercise may impair nasal mucociliary clearance and reduce nasal cilia beat frequency, leading to an
increase in air pollution exposure [89], which can contribute to respiratory symptoms such as coughing,
wheezing and breathlessness [90].

Still, physical activity might protect against the negative effects of TRAP on lung function in healthy adults
[91–93]. One study suggested a threshold to negative effects on lung function at modest particulate matter
levels [94]. However, intermittent moderate physical activity increased pulmonary function at low (PM2.5

30 µg·m−3) and high (PM2.5 81 µg·m
−3) TRAP levels [91], and the adverse effects on lung function markers

were negated by physical activity at low (PM2.5 39 µg·m
−3) and high (PM2.5 82 µg·m

−3) TRAP levels [93].

Overall, the optimal level of physical activity or threshold at which it can be protective against air
pollution-related health risks is not known and likely to vary across age and health/disease status [89], and
individuals with pre-existing conditions and children are particularly sensitive to air pollution exposure
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[89]. Older adults with COPD who walked on a traffic-polluted road in London in the UK for 2 h were
found to have more cough, sputum, shortness of breath and wheeze versus walking in a traffic-free area
[51]. Attenuation of the beneficial effects of physical activity on respiratory/pulmonary measures in
healthy adults and those with chronic cardiorespiratory disorders when exposed to high versus low air
pollution concentrations was noted [51]. The negative effect of PM2.5 on lung function was greater among
Korean adults with suspected COPD or asthma who did not exercise versus those that did [95]. Regular
exercise was associated with lower markers of systemic inflammation (white blood cell counts) than
inactivity at different levels of PM2.5 exposure in Taiwan [96]. The beneficial health effects of regular
physical activity on overall mortality were not moderated by long-term exposure to urban levels of air
pollution, although cycling in areas with high air pollution versus moderate or low levels reduced the
benefits of physical activity on respiratory mortality [49]. Increased exposure to nitrogen dioxide (NO2)
did not outweigh the beneficial effects of exercise for reducing risk of hospitalisation for asthma and
COPD [97]. Therefore, even patients with pre-existing cardiorespiratory disease may experience neutral or
beneficial effects of physical activities outdoors, including during periods of elevated air pollution, but may
need to decrease intensity of exertion in proportion to severity of air pollution levels.

Those at risk can reduce their exposure to air pollutants by staying indoors on high pollution days and
limiting outdoor physical activity near sources of air pollution [16, 89, 90, 98], consistent with
recommended World Air Quality Index (AQI) value actions and US Environmental Protection Agency
(EPA) standards (supplementary figure S1) [99, 100].

In the USA, air pollution was associated with reduced leisure-time physical activity and increased risk for
physical inactivity [101, 102], as well as a self-reported reduction in outdoor activities [103]. In China,
participation in outdoor exercise was impeded by air pollution severity [104], although better AQI levels
and lower concentrations of fine particulate matter were associated with approximately 20 and 45 min
reduction in sedentary time, respectively [105].

To minimise the respiratory health effects of air pollution, local governments often issue alerts on days
when air pollution levels are forecast to be high, urging individuals at risk to stay indoors on such days.
There is evidence to suggest that some people modify their outdoor activity when alerts are issued,
especially those individuals with known susceptibility [16, 106, 107], and this seems reasonable as a matter
of caution (particularly when curtailing activity is only temporary, so that the long-term benefits of
exercise are not lost).

Monitor air pollution levels (evidence grade D)
Recommendations

• HCPs should encourage patients to be aware of the local air quality, and teach them how to check the
air quality forecast and act to minimise air pollution exposure.

• Patients, especially those with underlying susceptibility, should be aware of air quality alerts and learn
to implement appropriate protective behaviour on high air pollution days.

• If using a personal pollution monitor, users need to be aware that accuracy of such monitors is highly
variable and that government-sponsored pollution monitors remain the standard for accuracy.

Background and evidence
Air pollution monitoring networks around the world that report real-time, local levels of ambient air
pollution can provide information on when and where air pollutant levels are elevated above levels thought
to confer increased risk [16]. For easy understanding by the general public, most authorities convert
increasing concentrations of major air pollutants (PM2.5, particles with a 50% cut-off aerodynamic
diameter <10 µm (PM10), ozone, CO, NO2 and sulphur dioxide (SO2)) into a single value indicating the
relative quality of the ambient air and use severity bands to indicate progressive degrees of risk to health
[108] as exemplified by the US EPA and World AQI scales (supplementary figure S1) [99, 100].

AQI scales may not be directly comparable between countries [108] due to differing air quality standards
and use of different air pollutant cut-offs to define the severity bands [109–111]. Many AQIs calculate air
quality according to the concentration of the highest individual pollutant at that time [112], not
recognising the combined impacts of multiple pollutants, and thus may underestimate the associated
health risks [109, 111, 113].

Air quality health indices (AQHIs) use the relative health risks of a combination of pollutants to
determine the final index [109, 112, 113]. An AQHI based on the short-term associations of SO2, NO2,
ozone and PM2.5 with mortality in China demonstrated greater correlation with health effects than current
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AQI systems [113]. When compared with AQHIs, the US EPA AQI underestimated the health effects of
air pollution on high pollution days in China by at least one category of severity [109].

Regardless, AQIs may enhance public awareness of air pollution levels and encourage protective behaviours
during periods of high air pollution [109, 110, 112, 113], particularly among high-risk individuals [111].
Real-time maps can provide the short-term health risk based on current pollution levels and some AQIs
provide automated alerts to limit prolonged or heavy exertion outdoors when air pollution levels are high
[114]. AQIs can be used to generate longer-term “risk maps” to estimate patients’ chronic air pollution
exposure at their homes and workplaces [115], and can help patients avoid high air pollution routes [116].

However, evidence is limited for AQI alerts facilitating exposure-minimising behaviour. Daily text
messaging regarding air quality, air pollution risk communication and self-care increased behaviours to
reduce exposure to outdoor air pollutants versus standard of care in pregnant women [106, 107]. In
contrast, adherence to health advice accompanying AQI alerts in another study was suboptimal [117].
Furthermore, receiving information from an HCP significantly increased knowledge of the AQI for
individuals with respiratory disease versus no information, but did not affect behaviour modification in
response to index values [118].

Wearable sensors/monitors integrated into different mobile or electronic devices (including Global
Positioning System-enabled models) [119–121] may be a cost-effective way to determine air pollution
levels and potential risk at the individual level [122, 123]. A software program using smartphone
technology coupled with predictive environmental air pollution models provided personal exposures to air
pollution and calculated health risks [124]. Affordable access to such devices (and associated data) can
lend a sense of empowerment that may motivate protective behaviour [125]. Estimation of inhaled dose
could be incorporated with other fitness monitors such as wrist-worn heart rate trackers [122]. Such
technologies could be used to inform clinician decisions about risk modification, and provide alerts to
HCPs and carers for susceptible individuals when intervention is required [120]. Commercialised real-time
particle monitors may help monitor household air pollution [126], but sensitivity remains limited [127].
Further limitations of low-cost personal sensors include loss of accuracy due to age [128], temperature and
humidity changes [119], sensor drifts requiring frequent recalibration, and cross-sensitivities with other
ambient air pollutants [128].

Most importantly, studies assessing the ability of air pollution sensors to induce exposure-minimising
behaviour are limited [120–123]. While use of portable pollution sensors generated greater awareness of
urban air pollution than traditional information sources, air pollution-reducing behaviour change did not
follow [129], underscoring the current gap between empowering patients and true benefit to health
therein.

Minimising personal exposure to household air pollution
Use clean fuels (evidence grade C), optimise household ventilation (evidence grade C) and adopt
efficient cookstoves where possible (evidence grade D)
Recommendations

• In homes that use biomass fuel (wood, animal dung and crop residues) or coal for cooking and
heating, substitute these with cleaner fuels such as biogas (methane), liquid petroleum gas (LPG),
electricity or solar cookers when feasible.

• Ensure cooking areas, and all areas in the vicinity of burning mosquito coils, are well ventilated with
cross-ventilation (opening windows or doors), chimneys or exhaust fans.

• After prioritising the adoption of cleaner fuels and better ventilation, switch to more efficient
cookstoves if resources remain sufficient.

Background and evidence
Cleaner cooking fuels
Over 3 billion people worldwide use traditional cookstoves that burn wood, animal dung or crop residues
to cook food or heat water [130]. This produces very high levels of indoor air pollution (such as CO and
particulate matter) because of poor combustion efficiency [130]. Replacing biomass fuels with cleaner
cooking fuels (LPG or electricity) reduced the risk of acute respiratory infection in children <5 years of age
[131], was associated with shorter hospital stays for acute respiratory infections [132], lowered the risk of
all-cause mortality versus persistent solid fuel users [133], and combined with improved kitchen
ventilation reduced decline of lung function and COPD incidence [134]. Replacing solid fuels for cooking
with cleaner fuels also reduced respiratory symptoms in women [135], and the incidence of bronchitis,
phlegm and chest illness in women and children [136].
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Improved ventilation
In some cultures, where weather permits, cooking is often conducted outdoors in well ventilated spaces
and, when compared with indoor cooking, can reduce the prevalence of acute respiratory infection in
children aged <5 years [137, 138]. Among those who cook indoors, improving ventilation reduced the
levels of CO and particulate matter [139, 140], and was associated with improved health outcomes, such as
reduction in respiratory symptoms [141–143], reduced risk of asthma and prevalence of asthma-related
symptoms among children [144, 145], reduced risk of lung cancer [146, 147], COPD incidence and
pneumonia [147], and improved respiratory health-related quality of life in women [140].

Burning mosquito coils is another major source of household air pollution in tropical countries; mosquito
coils are typically used indoors with door and windows closed to prevent mosquitoes from entering the
home [148]. When burning a mosquito coil indoors, opening a window can reduce PM2.5 levels from 2200
to around 350 µg·m−3; opening a window and door can further reduce levels to 70 µg·m−3 [148].

Household ventilation can be improved by ensuring cross-ventilation via windows and doors, or by using
chimneys, flues, hoods or exhaust fans [115]. While our recommendations are focused on
combustion-related air pollution, ventilation may also serve to decrease the impact of chemicals in the
home (e.g. from cleaning products and off-gassing from carpets and furniture), although a recent review
suggests that indoor volatile organic compounds are attenuated more by time than by ventilation [149].

Improved cookstoves
Traditional cookstoves are often made up of stone, mud or clay [150] and burn solid fuels inefficiently
[130]. There have been several attempts to build more efficient cookstoves by engineering design and/or
incorporating a fan to improve combustion [151, 152], and in laboratory settings can reduce emissions by
up to 90% [152]. However, field studies have indicated that although improved cookstoves can reduce
PM2.5 levels significantly versus traditional cookstoves, they are not improved enough to achieve
WHO-recommended PM2.5 levels [153].

Despite recommendations to use improved cookstoves by the WHO and the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) [154, 155], evidence for respiratory health benefits reported with use of
improved cookstoves is minimal [132, 156, 157]. Accordingly, studies with improved cookstoves have not
shown significant benefit in terms of improving quality of life among asthmatic children [158], improving
lung function indices versus cooking over an open fire [159, 160] or reducing the risk of pneumonia in
young children [152]. Adoption practices are sometimes incomplete [154, 161] due to efficacy as well as
cultural reasons, suggesting a need for further education and training to sustain adherence and understand
limitations [138, 141, 153]. The current level of evidence does not yet support the use of improved
cookstoves, which may need to be combined with other air pollution reduction interventions to yield
beneficial health effects [162, 163], but they may reasonably be adopted nonetheless as a common sense
measure, when resources permit.

Use portable air cleaners as an indoor environmental intervention (evidence grade C)
Recommendations

• Use portable HEPA-fitted air cleaners in the most frequented rooms of the home to help reduce
respiratory health effects among the general population who face regular exposure to household air
pollution and/or those with intermittent high-level particulate exposure.

• Avoid air-cleaning technologies that may emit harmful byproducts, including ionisers or ion
generators that generate ozone.

• Place air cleaners where the most vulnerable occupants spend most of their time, without obstruction
from furnishings.

• Regularly maintain air cleaners by following manufacturers’ guidance.

Background and evidence
The use of portable air cleaners can lower indoor air pollution from cooking, cigarettes and other sources
as well as outdoor pollution that infiltrates indoors, and these may provide an additional benefit by
reducing volatile organic compounds associated with household chemicals [164]. Air filters such as HEPA
filters capture particles on fibrous materials, while electronic air cleaners such as ionisers or electrostatic
precipitators rely on electrostatic forces to remove airborne particles. Some air filters include adsorbent media
such as activated carbon to remove gaseous air pollutants or convert them to harmless byproducts [165].

Efficiency of a portable air cleaner is reported as the minimum efficiency reporting value (MERV: ranging
from 1 to 16). Effectiveness of portable air cleaners is described by the clean air delivery rate, which is
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expressed in cubic feet per minute. The higher the clean air delivery rate, the larger the area the cleaner
can serve [165].

The use of HEPA filtration (typically equivalent to MERV 16) in living rooms and/or bedrooms has been
shown to reduce indoor residential PM2.5 concentrations between 40% and 72% versus baseline, control or
outdoor levels [166–170]. The efficiency of these filters to reduce PM2.5 has been shown to decrease over
time [171].

HEPA filtration was also found to be effective in lowering indoor particulate matter resulting from wildfire
emissions [171]. Modelling studies estimated that portable air cleaner use during wildfires in California in
the USA provided mortality-related cost-effective benefits, which would be improved further by targeting
the elderly [172]. Another modelling study came to similar conclusions for using activated carbon filters
in homes to reduce indoor ozone of outdoor origin [173]. Public health officials in both the USA [174]
and Canada [175] support the use of portable air cleaners to reduce exposure to wildfire smoke inside
homes.

In terms of respiratory health benefits, several interventions studies have found portable air cleaners in
homes to improve outcomes [176]. A small-scale intervention study suggested cardiopulmonary benefits
(indicated by markers of airway inflammation, lung function and blood pressure) of air filter use in
dormitories for 48 h among young, healthy adults in a Chinese city with severe ambient particulate air
pollution [177]. In a study of children and adults in Shanghai in China, a single overnight HEPA-based
filtration, along with activated carbon, reduced indoor PM2.5 concentrations and led to improved airway
mechanics (airway impedance, airway resistance and small airway resistance) [166]. In a randomised
intervention study, HEPA cleaners in the home reduced PM2.5 and improved asthma symptoms in children
[178]. Among children for whom the air cleaner reduced indoor particulate matter concentrations, there
was a large increase in symptom-free days [179] and improvement in asthma symptoms [180]. HEPA filters
were also found to improve symptoms in patients with allergic rhinitis [181].

Few studies have investigated the benefit of adding activated carbon within a HEPA-based cleaner to
reduce gaseous pollutant concentrations, but efficacy appears poor, with one study having demonstrated
NO2 concentration reductions of approximately 20% versus baseline, with diminishing benefit over time
[182]. Studies assessing whether gas-phase filtration or ionisers in air cleaners have a positive effect on
human health are also scarce. A small study investigated the use of HEPA filter air cleaners with activated
carbon in the living room and bedroom for 12 weeks and, while PM2.5 levels were reduced by 43% and
there was a significant improvement in peak exploratory flow (suggestive of improved asthma control)
attributable to the cleaner, there was no evidence that the activated carbon was itself effective [169].

Effect modifiers: interventions to modify individual risk factors
Treat and manage respiratory conditions (evidence grade D)
Recommendations

• Maximise control of airway disease through optimised care (e.g. symptom and airflow monitoring,
medications, and vaccinations).

• Promote primary, secondary and tertiary interventions (e.g. reducing obesity, promoting physical
activity, smoking cessation and avoidance of second-hand smoke) that may attenuate the burden of
cardiopulmonary disease associated with air pollution exposure.

Background and evidence
Chronic respiratory conditions such as asthma and COPD may make individuals more susceptible to the
adverse health effects associated with exposure to air pollution. Consensus recommendations for managing
COPD include limiting exposure to ambient and household air pollution, as also indicated in the GINA
strategy for asthma management and prevention [12, 155].

Optimising an individual’s level of asthma control may influence respiratory response to in-vehicle
exposures during rush-hour commuting, with one study in the USA showing that the largest post-commute
increases in exhaled nitric oxide occurred in participants with below-median asthma control, and higher
PM2.5 was associated with a lower forced expiratory volume in 1 s percentage predicted in this group [183].
Among Japanese children with asthma, exacerbation of respiratory signs and symptoms (percentage
maximum peak expiratory flow and coughing) associated with oxidant exposure from ambient air pollution
appeared greater in those who were not using long-term medications than those who were [184].

There is limited evidence for benefit of inhaled steroids for those with asthma faced with air pollution
[185]. In a study of children with asthma, those not using corticosteroid medications experienced the
greatest increase in fractional exhaled nitric oxide per interquartile range increase of PM2.5 oxidative
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burden [186]. However, there is not a clear dose–response relationship (higher dose of inhaled steroids
does not appear to be associated with greater benefit) and caution about the long-term effectiveness of
inhaled steroids to mitigate effects of air pollution have been raised [185]. Furthermore, an analysis of
effect modification by daily use of asthma controller medications on airway responsiveness in a large
randomised longitudinal asthma study of more than 1000 individuals found that treatment (with
budesonide and nedocromil versus placebo) augmented the negative short-term effect of CO while having
no effect on the other gaseous pollutants such as ozone and NO2 on airway responsiveness [187].

Statins and aspirin, while useful in primary prevention of coronary artery disease, require validation of
their role in air pollution [16]. Statins reduced ambient particulate matter-induced lung inflammation by
promoting the clearance of PM10 from lung tissues [188], but evidence in humans is limited. Therefore,
while a general recommendation to optimise disease control through guideline-driven care is warranted,
for each particular intervention in the face of air pollution, there needs be scrutiny of the evidence and
further research to build that evidence base.

Modify diet and supplement with antioxidants or anti-inflammatory agents (evidence grade D)
Recommendation

• Although a balanced diet is important for general wellbeing, we do not recommend taking any dietary
supplement specifically to counteract the detrimental effects of air pollution on respiratory health, as
none has been shown convincingly to have such benefits.

Background and evidence
Inhalation of air pollutants triggers direct and indirect induction of oxidative stress and inflammation
[189], two key processes driving the pathogenesis of chronic respiratory diseases such as COPD and
asthma that are exacerbated by air pollution [190].

A diet rich in antioxidants, fibre, protein and polyunsaturated fatty acids (PUFAs), such as the
Mediterranean diet [191, 192], may reduce aberrant DNA methylation associated with cancer and
cardiovascular disease following particulate matter exposure [193] and fish oil supplementation may
protect against pro-allergic sensitisation effects of TRAP exposure [194]. Conversely, high-fat, low-PUFA
“Western” diets may confer reduced protection against inflammatory insults such as air pollution [190–192].

Found in broccoli sprouts, sulforaphane is a potent ligand for the Nrf2 transcription factor, which
regulates expression of antioxidant response element-related genes [190]. Consumption of a broccoli
sprout beverage increased the excretion of carcinogenic air pollutants, including benzene, over a 12-week
period, suggesting detoxication of some airborne pollutants [195]. Broccoli extracts also attenuated the
nasal allergic response to diesel exhaust particles (DEPs) in atopic individuals with baseline airway DEP
hypersensitivity [196]. Further large clinical trials are necessary to confirm the potential benefits of
sulforaphane.

In healthy participants, pre-treatment with N-acetylcysteine diminished DEP-induced airway
responsiveness in participants with baseline airway hyperresponsiveness [197]. In a second study of similar
design, pre-treatment with vitamin C and N-acetylcysteine augmented DEP-induced vasoconstriction
[198]. Both studies observed a role for genetic variability in dictating responses to DEP exposure and
antioxidant supplementation [197, 198].

Dietary supplementation with vitamins C and E reduced lung function decrements and
bronchoconstriction induced by short-term exposure to ozone, SO2 and particulate matter [199], and
reduced airway inflammation and improved lung function in ozone-exposed patients with asthma [190,
192, 199]; however, other randomised controlled trials failed to show positive effects [190, 192, 199]. In
pregnant women exposed to PM2.5, insufficient vitamin C intake was associated with increased
micronuclei frequency, a biomarker of genetic effects, associated with increased risk of cancer [200].
Overall, antioxidant treatments have not been properly subjected to a large phase 3 trial, or any phase 4
trial, in this context. It is unclear whether this is due to lack of financial incentive or indecision as to the
ideal phenotype for such study, but larger well-resourced trials seem sensible given the scope of the
problem and the desire for solutions in parallel with the community’s driving focus on primary exposure
reduction.

Summary and conclusions
Given the well-documented negative impacts of air pollution on respiratory health, strategies are needed to
help providers, patients and the public minimise daily exposure [52]. Strategies will need to be tailored to
the individual dependent on their levels of air pollution exposure, susceptibilities to air pollution exposure,
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TABLE 1 Recommended interventions, key supporting evidence and the overall strength of evidence based on the evidence
grading used in the Global Initiative for Asthma guidelines 2019 [12]

Recommendation Key evidence summary from January 1, 2013 to January 1, 2019 Overall
strength of
evidence

Strategies to minimise personal exposure to
ambient air pollution
1. Use close-fitting particulate respirators such

as N95 facemasks when ambient air pollution
levels are high or when travelling to areas with
high ambient levels of air pollution

Four small-scale studies in healthy adults, mostly randomised and
noncontrolled in design, suggest use of close-fitting N95 particulate
respirators may reduce the impact of ambient air pollution on
respiratory and cardiovascular health outcomes.

C

2. Shift from motorised to active travel such as
cycling or walking

Several systematic reviews, health impact assessments and
epidemiological studies suggest that the benefits of physical activity
when actively commuting versus using motorised transport outweighed
the risks associated with an increased inhaled dose of air pollution. In
highly polluted cities (PM2.5 160 μg·m−3) up to 30 min of cycling and
6.25 h of walking per day would lead to a net reduction in all-cause
mortality versus staying at home. Also, shift to active travel could
improve air quality by reducing emissions.

C

3. Choose travel routes that minimise near-road
air pollution exposure such as low-traffic
routes and routes with open spaces, minimise
travel during peak times, and avoid delays in
areas of high air pollution where possible

While there is evidence that using low-traffic versus high-traffic routes can
minimise air pollution exposure when cycling or walking, few studies
have demonstrated respiratory health benefits, particularly for
susceptible individuals. Only one randomised controlled study found that
older subjects and adults with COPD should select walking routes with
low levels of traffic versus high levels to avoid negating the
cardiorespiratory benefits of exercise.

C

4. Optimise driving style and vehicle settings, e.g.
drive with windows closed when in traffic,
maintain car air filtration systems and avoid
engine idling

To minimise individual exposure to traffic-related air pollution, evidence
from comparative studies supports driving with windows closed when in
traffic, maintaining car air filtration systems, keeping the air on internal
circulation and avoiding engine idling. However, no studies were
identified that examined the effect of driving style, vehicle or engine
settings on pulmonary function. Despite a lack of clinical studies on
health outcomes, the potential benefit of reducing air pollution levels
means that this is an action to consider.

D

5. Exercise regularly but moderate outdoor
activity when and where air pollution levels are
high

Current evidence from epidemiological and comparative studies suggests
that engaging in physical activity in an air-polluted environment may not
completely negate the positive effects of exercise. Individuals should be
advised to exercise away from traffic whenever possible and plan
outdoor activities around local forecasts.

C

6. Be aware of local air pollution levels Individuals should be encouraged to check their local air quality forecast
and maps, and use this information to make informed decisions to
reduce their exposure such as seeking alternative low air pollution
routes or moderating outdoor activities. No studies were identified that
examined an association between Air Quality Index awareness and
respiratory health outcomes; however, the potential benefit of knowing
when air pollution levels are high and implementing strategies to
minimise exposure means that this is an action to consider.

D

Strategies to minimise personal exposure to
household air pollution
7. Use clean fuels, ensure adequate household

ventilation where possible and adopt improved
cookstoves where resources remain sufficient

Some small-scale, noncrossover intervention studies suggest that
transitioning away from cooking with solid fuels to electric or
clean-burning gas (liquid petroleum gas) stoves can improve respiratory
health outcomes in adults and children. The Global Initiative for Chronic
Obstructive Lung Disease guidelines recommend use of nonpolluting
cooking stoves and efficient ventilation to minimise exposure to indoor
air pollution as a risk factor for developing COPD [149].

C/D

Continued
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TABLE 1 Continued

Recommendation Key evidence summary from January 1, 2013 to January 1, 2019 Overall
strength of
evidence

8. Use portable air cleaners combined with
measures to reduce the source of household
air pollution and strategies to improve
ventilation

There is evidence from mostly randomised, crossover intervention studies
to support the use of portable air cleaners to reduce respiratory health
effects among the general population who face regular exposure to
household air pollution although evidence for benefit in older individuals
is lacking. Portable air cleaners fitted with HEPA filters are most
effective for filtering particles in the home.

C

Effect modifiers
9. Treat and manage respiratory conditions Effective management of COPD and asthma in patients is vital for

mitigating the increased risk from ambient or indoor air pollution
exposure. The implementation of established primary, secondary and
tertiary interventions for cardiopulmonary diseases (e.g. controlling
hypertension, lowering lipids, reducing obesity, promoting physical
activity, smoking cessation and avoidance of second-hand smoke) will
serve to reduce the overall burden of disease associated with air
pollution exposure.

D

10. Modify diet and supplement with antioxidants
or anti-inflammatory agents

A healthy, balanced diet is favoured as a key determinant to health
throughout life and associated with reductions in the risk of chronic
lung diseases known to be compounded by air pollution.

D

PM2.5: particles with a 50% cut-off aerodynamic diameter <2.5 µm; COPD: chronic obstructive pulmonary disease; HEPA: high-efficiency
particulate air.

FIGURE 3 Key elements in mitigating air pollution exposure and protecting respiratory health.
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TABLE 2 Gaps in the evidence and areas for further research

1. Use facemasks under appropriate
circumstances

Knowledge about the role of facemasks in reducing exposures to air pollution is rudimentary.
There is a need for more extensive, rigorous and standardised testing of commercially available
air pollution masks.

Studies assessing the impact of facemasks on health outcomes should include measurement of
exposure reduction (by monitoring particulate concentrations inside the facepiece) to more
accurately assess exposure–response relationships [19]. It would be of value to determine
whether the proportion of particles removed by the mask is sufficient to provide health
benefits and how long people must wear a mask for those benefits to manifest.

Studies are needed to assess whether wearing masks that filter gaseous pollutants (in addition
to fine particles) provides added respiratory benefits.

2. Shift from motorised to active transport
whenever possible

There are very limited data on long-term respiratory health effects of increased air pollution
exposure among passive and active commuters, warranting additional research in this area.

Data on commuters’ perceptions about air pollution exposure and how these perceptions may
influence their commute in terms of route, time of day and mode of transportation are scarce.
Understanding these perceptions may help guide future educational efforts aimed at reducing
active commuters’ air pollution exposures [37].

3. Choose travel routes that minimise
near-road air pollution exposure

Children and their families should be provided with information on how to minimise exposure to
TRAP by prioritising low air pollution routes, integrated with cycling and walking plans when
commuting to school [74].

Mobile phone applications, news feeds and websites can help individuals plan their activities or
travel routes to minimise air pollution exposures [99, 204–206]. Evidence is needed to
demonstrate that these interventions reduce air pollution exposure and lead to associated
health benefits.

Much of the research focus has been on developed countries. Strategies to minimise TRAP in
countries such as China and India where there has been a sharp increase in the number of
motor vehicles needs further exploration; in these countries the options to avoid highly
polluted routes are often limited or nonexistent.

4. Optimise driving style and vehicle
settings

There is evidence to show that changes to driving style and vehicle settings can lower levels of
local air pollution; however, studies are needed to determine the potential health benefits
associated with reduced exposure to TRAP related to changes in driving behaviours.

There is a need to identify approaches that encourage more efficient, less polluting driving
behaviour.

While electric cars are the vehicles of the future for their low emissions, they still generate
pollutants, e.g. from tyres and other parts of engine, and the impact on respiratory health
needs to be studied.

5. Moderate outdoor physical activity when
and where air pollution levels are high

The level of air pollution or physical activity at which exercise becomes more harmful than
beneficial is not fully understood, limiting the ability to effectively balance the benefits and
risks.

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 where physical activity is performed.

Gene–environment interaction is an emerging focus of research and the role of genetics in the
health effects of combined physical activity and air pollution exposure warrants further
investigation.

6. Monitor air pollution levels Current data on efficacy of Air Quality Index alerts and wearable technology in increasing air
pollution-protective behaviour is conflicting and often relies on self-report [112]. Further
research is needed to establish how individuals can be best motivated and assisted to act on
advice to reduce air pollution exposure.

Standardisation of personal exposure monitors is needed to ensure accurate detection of major
air pollutants, and their precision, accuracy and generalisability in capturing long-term or
usual exposures requires further evaluation.

Wearable sensors and location-based monitoring fail to account for the impact of ventilation rate on
inhalation of pollutants; newer personal monitoring devices that incorporate these measurements
are necessary to provide more accurate measures of air pollution exposure.

The full benefits of knowing one’s personal air pollution exposure still needs to be explored and
one possibility is that it may be a powerful determinant of changing behaviour towards
reduced exposure.

Continued
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health literacy, financial resources and support networks. Advisors need to develop an approach that
allows flexibility based on the perception of a given individual, given the known variability in how each
person perceives and responds to the threat of air pollution [201]. Regardless, these strategies can be
impactful, because there is no “safe” lower limit of air pollution and because of the steep exposure–
response curve at lower levels of air pollution [2]. The benefits may be even more pronounced for
susceptible individuals such as those with chronic pulmonary conditions, at extremes of age [51, 74, 106],
pregnant women and in utero [202].

The recommendations are summarised in table 1 and figure 3, and the key supporting evidence for each
recommendation (from studies that included at least one respiratory health outcome) are described in
supplementary table S3.

These evidence-based, practical recommendations should serve as a useful reference for advising patients
and the public on individual-level interventions to reduce exposure to air pollution and mitigate the
associated respiratory health risks. While we, like others [203], reveal that the quality of the evidence is
lacking overall, we have supplemented what the suboptimal evidence suggests with expert perspective, so
as to provide guidance to those who want it; it is important to give such advice to the global population
that eagerly seeks a rational approach to personal decisions now. In parallel, gaps in the evidence and
areas for further research are described in table 2, motivating efforts to provide a more robust evidence
base for validated advice to all of us who face the daily threat of air pollution.
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TABLE 2 Continued

7. Use clean fuels, ensure adequate
household ventilation where possible and
adopt improved cookstoves where
resources remain sufficient

Education on the respiratory health risks associated with burning solid fuels for cooking and
heating is lacking.

Large-scale RCTs are needed to examine the effect of improved household ventilation on
respiratory health outcomes.

Large-scale RCTs are needed to examine the effect of transitioning away from cooking with
solid fuels on respiratory health outcomes. Until the findings are known, it is difficult to
recommend household energy interventions that will reliably improve respiratory health.

8. Use portable air cleaners as an indoor
environmental intervention

The body of evidence supporting the role of portable air cleaners in reducing exposures to
indoor air pollutants and providing benefit is growing; however, there is need for more
extensive, rigorous and standardised testing of commercially available portable air cleaners,
and their potential to reduce exposure to household air pollution and provide respiratory
health benefits.

More studies are needed to assess whether portable air cleaners that filter gaseous pollutants
(in addition to particulate matter) provide added respiratory benefits.

Education on the harmful effects of household air pollution including second-hand smoke
derived from indoor cigarette smoking, in particular the association with asthma and the
development of chronic lung disease in later life, is needed to foster behavioural change and
improve respiratory health.

9. Treat and manage respiratory conditions Preliminary evidence in animal studies that pharmacological interventions such as statins may
help protect lung inflammation triggered by air pollution exposures need to be confirmed
[188].

Studies are needed to identify genetic polymorphisms that modify airway responses to air
pollution, clarify the role of epigenetic changes and investigate the effectiveness of new
preventive or therapeutic approaches, including for people with low levels of antioxidants.

10. Modify diet and supplement with
antioxidants or anti-inflammatory agents

Large, well-designed RCTs are necessary to confirm the beneficial effects of high fruit and
vegetable intake, and of the Mediterranean diet, on respiratory health outcomes and effects of
air pollution exposure.

Clearer mechanistic understanding and assessment of combinations of supplements and air
pollution exposures are warranted to establish whether there are optimal supplement
regimens for particular populations, diseases, genotypes or patterns of pollutant exposure.

Sulforaphane supplementation may present a promising mechanism to reduce the impact of air
pollution [195, 196] and further large RCTs are needed.

TRAP: traffic-related air pollution; RCT: randomised controlled trial.
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