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Abstract

Rationale for Review: In 2019, approximately, 1.4 billion people travelled internationally. Many individuals travel
to megacities where air pollution concentrations can vary significantly. Short-term exposure to air pollutants can
cause morbidity and mortality related to cardiovascular and respiratory disease, with the literature clearly reporting
a strong association between short-term exposure to particulate matter <2.5 pym and ozone with adverse health
outcomes in resident populations. However, limited research has been conducted on the health impacts of short-
term exposure to air pollution in individuals who travel internationally. The objective of this systematic review was
to review the evidence for the respiratory and cardiovascular health impacts from exposure to air pollution during
international travel to polluted cities in adults aged >18 years old.

Key Findings: We searched PubMed, Scopus and EMBASE for studies related to air pollution and the health impacts
on international travellers. Of the initially identified 115 articles that fit the search criteria, 6 articles were selected for
the final review. All six studies found indications of adverse health impacts of air pollution exposure on international
travellers, with most of the changes being reversible upon return to their home country/city. However, none of these
studies contained large populations nor investigated vulnerable populations, such as children, elderly or those with
pre-existing conditions.

Conclusions: More research is warranted to clearly understand the impacts of air pollution related changes on
travellers’ health, especially on vulnerable groups who may be at higher risk of adverse impacts during travel to
polluted cities.

Key words: Air pollution, particulate matter, ozone, international travel, travellers” health

Introduction mortality. However, knowledge about the health consequences
The health impacts from air pollution exposure are staggering of short-term exposures, especially in developing countries, is
and well documented. The Lancet Commission on Pollution still growing.

and Health' reported that in 2015, global estimated deaths Anthropogenic air pollution is a major environmental prob-

due to ambient particulate air pollution (PM) and ozone (O3)
were 4.2 and 0.3 million deaths, respectively. The World Health
Organization (WHO) estimated that in 2016, 58% of outdoor
air pollution-related premature deaths were due to coronary
heart disease (CHD) and stroke, 18% of deaths were due to
chronic obstructive pulmonary disease (COPD) and acute lower
respiratory infections and 6% of deaths were due to lung cancer.”
Considerable research has assessed long-term exposure to PM; s
(particulate matter with aerodynamic diameter <2.5 pm/fine
PM) and O3 on cardiovascular and pulmonary health and

lem in large cities in the world, particularly released from, and
impacting urban areas. According to the United Nations,’ more
people now live in urban areas than in rural areas, comprising
~55% of the world’s population. This trend towards urbaniza-
tion is expected to grow, leading to an increase in population sizes
in existing megacities as well as the creation of new megacities.’**
According to the United Nations, a megacity is defined as a
metropolitan area with a population of more than 10 million
people.” Many megacities are popular travel destinations with
large numbers of annual tourist arrivals.’
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Until the coronavirus disease 2019 (COVID-19) pandemic,
international tourist arrivals had been steadily increasing with
approximately 1.4 billion worldwide arrivals in 2019.° The
greatest proportion of the 2018 arrivals were for leisure, recre-
ation and holidays (56%) followed by visiting friends, health,
religion, etc. (27%), and 12% was for business and professional
travel.® Thus, international stays are often relatively short vis-
its to popular destinations, with an increasing proportion of
travellers spending time in urban environments.®” Therefore,
travellers are more likely to experience health events from expo-
sure to short-term air pollution variations, such as daily or
weekly pollution peaks, compared to the resident populations
of a city. Although billions of individuals travel internationally,
there is limited research addressing the impact of air pollution on
travellers’ health. Thus, the objective of this systematic review
was to evaluate the existing evidence on the respiratory and
cardiovascular health impacts of exposure to elevated levels of
air pollution in adults (>18 years) during international travel.

Background

Air pollution concentrations in megacities with
the greatest number of arrivals

Dense populations combined with high energy demand have led
to the increased use of fossil fuels, resulting in elevated levels
of air pollution in megacities.®” The air pollution profiles of
such cities are dependent on the types of sources (i.e. industrial,
vehicular and natural), impact of weather/climatic conditions,
topography and other regional factors. In recent times, air pollu-
tion has become one of the major environmental concerns, often
exceeding 5-10 times the WHO guidelines for extended periods
in some megacities.’

During international travel, especially to such polluted cities,
individuals may be exposed to a large differential of PM and O3
concentrations and might lack the knowledge and adaptations to
minimize the risk of acute health events. For example, a traveller
from a North American or European ‘clean’ city who travels to
Beijing during the winter period may be exposed to 5-10 times
the PM, 5 concentrations that they would normally experience
in their home cities. This change frequently happens within a
matter of hours or days, increasing the risk of acute respiratory
and cardiac injury.

Air pollution levels in megacities. Fine PM concentrations vary
significantly among megacities across the world. Tables 1 and
2 report the annual average concentrations of PM; s (2019 and
2020) for countries with the highest travel arrivals (2018) and
for selected megacities throughout the world.

Figure 1 displays a map of the world with the most recent
PM; s data. The map indicates that travellers may encounter
higher pollution levels when travelling from Northeast and Euro-
pean megacities to Asian or South American cities.

Data from the period of 2010-20 demonstrate that North
American and European megacities generally have lower average
PM; 5 concentrations compared to the megacities in South and
East Asia and South America.’~" PM; s levels in South and
East Asian cities are approximately 3-5 times higher than the
average concentrations of North American and European cities,

including New York City (NYC), Los Angeles and London.'%-'2=*
Interestingly, NYC is among the five least polluted megacities
in the world.”? Studies from East Asia (primarily Beijing and
Shanghai) report higher daily average concentrations ranging
from 52.7 pg/m’ to average concentrations exceeding 100 pg/m?
13-20 " which are several times higher than the WHQO’s annual
and daily guidelines (10 and 25 pg/m?, respectively) for PM; s.
However, Hong Kong and Tokyo have relatively lower PM
concentration when compared to Beijing and Shanghai.?'-** New
Delhi and Cairo have been identified as the most polluted megac-
ities, respectively, followed by relatively smaller cities in China,
such as Xi’an, Tianjin and Chengdu.”> Among South American
megacities, Mexico City is considered one of the most polluted
in the world, although in recent times, it has seen improvements
in air quality.”

Ozone, a major gaseous pollutant, can vary markedly within a
short period, but trends closely follow that of PM; 5. For exam-
ple, O3 levels (estimated) were found to be within the United
States Environmental Protection Agency’s (US EPA) standard of
70 ppb (8-h) in NYC and Los Angeles.”* However, in China,
the daily 1- and 8-h maximums and the daily average of O3
concentrations were several times higher, with concentrations
close to or above the WHO 8-h standard of 100 pg/m® and
with the maximum peak concentrations exceeding 300 pg/m? in
Beijing.!®?’

Sources of air pollution in megacities. PM, s constituents can be
used to reveal possible sources that contribute significantly to air
pollution using source apportionment studies.”**! For example,
major sources and key elements identified in one study in the
USA included: the metals industry (lead and zinc); crustal/soil
particles (calcium and silica); motor vehicle traffic [elemental
carbon (EC) and nitrogen dioxide]; steel industry (iron and man-
ganese); coal combustion (arsenic and selenium); oil combus-
tion (vanadium and nickel); salt particles (sodium and chlorine)
and biomass burning (potassium).? In addition to the primary
particles released from sources, secondary particles and gases
can contribute significantly to the air pollution in a city. For
example, traffic is a source of primary pollutants,*> which under
atmospheric conditions (sunlight, humidity, etc.) can react to
form secondary particles as well as secondary gaseous pollutants
such as 03.* In some regions, natural sources of pollutants or
phenomena such as smog events and mineral dust storms from
deserts can elevate the air pollution levels.**

Chinese megacities are frequently among the global cities with
the highest air pollution levels.** In such large and polluted cities,
pollution profiles can differ between the urban and suburban
areas, with secondary particles leading in suburban areas and
with traffic emissions and coal combustion being the leading

% Urban areas characteristically have

contributors in urban areas.
higher concentrations of EC, particulate organic matter and
gaseous pollutants, which are related to traffic.’’-*°

Over the past 5 years, megacities in South Asia have gained
notoriety due to very high air pollution levels. In addition to
traffic and industrial sources, other human activities, such as
agriculture, can be a source that significantly impacts air quality.
Data from the WHO, government agencies and recent studies
have all shown that New Delhi ranks as the most polluted megac-

ity, if not among the top 10 most polluted cities in the world.”»12:40
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Table 1. Annual average concentrations of PM5 s for 2019 in selected countries with the highest travel arrivals

Country PM, 5 average (pg/m?) US EPA NAAQS for PM; 5 WHO air quality guideline for PM; 5
USA 7.8 12 pg/m® (Annual) 10 pg/m® (Annual)
England 10.1 35 pg/m? (24 h) 25 pg/m? (24 h)
France 11.4

Brazil 11.7

Argentina 13.5

Japan 13.5

Mexico 20.1

China 47.7

Egypt 67.9

India 83.2

Data source: State of Global Air (https://www.stateofglobalair.org).

Table 2. Annual average concentrations of PMy 5 in year 2020 in selected megacities that are also the most popular travel destinations

Country City PM, 5 average (pg/m?) Population (thousands) International travellers in
2018 (thousands)

USA NYC 8.6 18819 13500

USA Los Angeles 13.3? 12458 7246

England London 9.9b 9046 20716

France Paris 13.9% 10901 16837

Brazil Rio De Janeiro NA 13293 2305

Argentina Buenos Aires 10.2° 14964 2373

Japan Tokyo NA 37468 9896

Mexico Mexico City 26.0¢ 21581 2434

China Beijing 39.72 19618 3767

China Shanghai 28.0° 25582 18551

Hong Kong/China Hong Kong 23.3¢ 7429 29827

Egypt Cairo NA 20076 4893

India New Delhi 79.3% 28514 12505

India Mumbai 41.12 19980 10670

Data sources: 2US Embassy air monitoring sites located in cities abroad; Popen source data from www.openaq.org—may include central monitors and/or other monitoring methods;

€data from local low-cost sensor networks (www.purpleair.com).

Note: Concentration obtained from US EPA/US Embassy monitors is considered the most accurate. The US EPA NAAQS and the WHO air quality guideline for PM; 5 are 12 and

10 pg/m3, respectively (annual average). NA, data not available.

While studies on New Delhi’s air pollution sources are limited,
news reports and available articles attribute crop burning in
bordering states, dusty winds from the gulf region, high traf-
fic density combined with low-quality fuel, over-population,
large-scale construction and local weather conditions/inversions

during the peak period as key reasons for air pollution.*!*?

Changes in air pollution levels in megacities during the COVID-19 pan-
demic. Due to the global COVID-19 pandemic, governing bodies
around the world imposed strict restrictions, severely limiting
human mobility and impacting domestic and international travel.
In several large cities, PM, s concentrations dropped during the
lockdown period compared to the previous months of 2019.%-%7
Compared to the 2019 averages in March, PM; s levels decreased
by 14% in Mumbai, 4% in Los Angeles and 32% in NYC, which
were not only attributed to lockdowns but also to rainfall in
NYC.* An analysis of 367 cities in China demonstrated that
the mean daily PM; 5 concentration decreased by 18.9 pg/m’®
during the quarantine period (February 10-March 14) com-
pared to the pre-quarantine month of January.* Interestingly, O3
concentrations increased in some regions in China, including
Shanghai, during the lockdown by ~20%.*

PM; s and O3 concentrations in four major cities in India
(including New Delhi) had an overall declining trend from the
beginning of the lockdown in March through different phases
of the lockdown until mid-May.’® North India, as a whole,
experienced a 34% decrease in PM; 5 concentration compared
to 2019, however, O3 concentrations increased.** Ozone in New
Delhi, increased temporarily (during April-May) compared to
the previous phase. This could be a direct result of the lockdown
and strict curfews which were nationwide, but it may have also
been impacted by the weather conditions.”

Despite the expectation of significant reduction in all air pol-
lutants due to the lockdowns, not all cities experienced reduced
levels. During the initial period of the lockdown in China (23
January 2020-13 February 2020), some northern regions saw
an increase in the concentrations of PM; 5. PMj 5 in Northern
China (including in Beijing) rose compared to other regions,
possibly due to severe haze events. During this time, the max-
imum daily level reached 274 pg/m® with a mean increase of
30.6 pg/m® compared to the previous year.’! Toyoko’s PM; s
concentration increased by 11%, however, there was not a
mandatory quarantine, but the government requested for tele-
working.”” London and Paris both reported increased levels of
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Figure 1. Annual average concentrations of PM 5 (ug/m?® in selected megacities (2020) and countries (2019) with the highest travel arrivals.

PM; s during the quarantine period.”? Researchers have high-
lighted the importance of other sources and phenomena, mainly
industry, agriculture and the impact of meteorological events on
air pollution level changes.”

Short-term exposures and health effects

Of importance to international travellers are the health events
that occur from short-term changes in pollutant concentrations
that impact cardiovascular and respiratory events. This section
highlights research that has been conducted on residents living in
megacities, as it provides an important perspective into potential
health events that travellers may experience, particularly, if the
travellers are arriving from destinations with lower pollutant
concentrations and/or if the travellers have pre-existing condi-
tions.

Continuous exposure to air pollution, such as that occurs
in residents living in polluted cities, can cause chronic injury
and physiological changes to the respiratory and cardiovascular
system, leading to increases in the incidence and prevalence
of chronic diseases, such as asthma, COPD, heart disease and
cancer in the population. Short-term exposures and peaks (as
experienced by travellers) can be associated with acute effects,
which may include short-term lung function decrements, increase
in respiratory symptoms, increase in airway oxidative stress and
cardiovascular events, such as hospital admissions for heart fail-
ure (HF), events related to pre-existing CHD and heart attacks.

The impact of air pollutants on human health can vary based
on the exposure time, underlying health conditions, age, sex and
season of travel. Therefore, in order to understand and compare
the findings, these factors need to be taken into consideration.

Cardiovascular diseases. Globally, cardiovascular diseases (CVDs)
are the leading cause of death, and over 75% of deaths occur

in low- and middle-income countries.”* Research focuses on
different CVD events, such as HE hospital admissions due to
CHD and heart attacks.

PM; 5 exposure Research from Beijing, Shanghai and
Hong Kong, where mean daily concentrations of PM; 5 are
considerably higher compared to developed nations, consistently
report that increases in PMj 5 are associated with increased
CVD events (i.e. hospital admissions, outpatient visits emergency
room visits and out-of-hospital heart attacks).!3:14:16-18,22,38,55-67
Although the research is remarkedly consistent showing a posi-
tive association between short-term exposure to PM; 5 and CVD
events, the findings vary across specific CVD events and exposure
timeS.H’l(””’(’S

Outside of Asia, researchers have reported mixed associations
between the daily exposure to PM; s and CVD events.®*="! In
NYC, an increase of 10 pg/m® of PM; s during a cumulative
exposure over 2 days caused a 6.2% increase in CVD hos-
pitalizations.”” However, in other studies, the total PM; 5 was
not associated with CVD, but individual sources [e.g. EC, black
carbon (BC)] were associated with increased hospital admissions,
indicating the importance of composition on health outcomes.

Of interest to travellers, who spend several days in polluted
cities, is that cumulative days of exposure to PM; 5 often led to
greater increases of CVD events.'?>'*:16:17:¢7.70 Several studies have
shown that increases in hospital admission or emergency depart-
ment visits for HF and CHD associated with cumulative PM; 5
were greater than the increases for single-day exposure.'?-'*:1¢:17

Morbidity is not the only concern. In residents of Asian
megacities, increases in CVD deaths from short-term exposure
are also reported.'*17:21-23:25.38.72-75 When increases in PMj s
occur, mortality increased by a range of 0.25-2.35%. The dif-
ferences in percent mortality increases were due to the difference
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in the exposure periods observed (e.g. one day before death vs.

day of death).

Ozone exposure Research on CVD events and exposure
to short-term O3 is lacking compared to research on PM; s, but
the studies that have been conducted show no significant associ-
ations between short-term O3 exposure and CVD events.'$:¢7¢
Research regarding mortality from CVD events and short-term
O3 exposure is mixed.?'"”7~%" Variations by country, exposure
periods and the adjustment for other pollutants may lead to these

conflicting findings.

Respiratory function and diseases. Respiratory conditions affect
millions of individuals and are the leading causes of death and
disability worldwide.®! COPD is consistently ranked as one of
the top four causes of death throughout the world.*?

PM, 5 exposure Studies on the relationship between
short-term exposure to PMj s and respiratory morbidity are
relatively consistent in their findings that exposure to PM; s

14,19,68,75,83-89  [ncreased

increases adverse respiratory events.
hospital admissions for COPD and decreased lung function
in patients with COPD occurred when there were increases
in PMy 5.":83-8.87 Throughout the world, researchers have
reported that hospital admissions for asthma increased with
increased PM; 5 levels.®$:8¢:88:%% Seudies that reported findings
of mortality and short-term exposure to PM; 5 found increases
in respiratory mortality in individuals exposed to short-term
DM, 5.20:23:%0

Ozone exposure Multiple studies have investigated the
relationship between O3 and respiratory outcomes, with mixed
findings, based on the participant’s underlying health conditions,
location and time period for exposure.?’:83:84.86,91-97

When assessing respiratory events, studies from Asia consis-
tently report that asthma admissions to hospitals is associated
with increasing ozone exposure,*®”” however, European stud-

9%,

ies report inconsistent findings.”®”**> For example, studies on

COPD hospital admissions and exposure to O3 have reported

8387100 with some reporting increased hos-

conflicting outcomes,
pital admission for COPD when O3 increased®”>'?’; while the
others did not show a significant effect on the percent change
in admissions.*

Mortality and O3 has been investigated, producing con-
flicting findings.”®-*" Respiratory deaths were significant with
increased ozone in Mexico City and Rio de Janeiro, but not in

London.”®:8

Age, sex and seasonal differences in exposure and health. When
investigating season, age and sex differences, most researchers

found that older individuals were more likely to experience a

h.17:18,21,55,56,

CVD or respiratory event or deat 72,7883 However,

results are conflicting regarding sex differences and health

events. In some studies, females were reported to experience

14,17,21,55

more adverse events, while in other studies, males were

more at risk.!'3>18,63,72,83
Most studies report that there are seasonal differences in

health outcomes,!?:16:18:56,58,65.77.78,83,100 a]though the findings

are mixed. The majority of these studies determined that
there were more CVD and respiratory events in the cold
season.!>18:27:58,65.77.78.92 However, others have found no season
differences or higher CVD events from PM, s and Oj in the

warm season.'®:83

Health outcomes and COVID-19 and air pollution. PM has been

shown to increase the virus transmission!®! 102

and mortality
of infectious diseases like influenza; therefore, the concept of
increased transmission of COVID-19 from pollution is probable.
Two questions arise when considering the interaction between air
pollution, COVID-19 and health: (i) Does air pollution increase
COVID-19 cases? and (ii) Does exposure to air pollution increase

COVID-19 fatalities?

Air pollution and COVID-19 Several studies have
investigated whether air pollution is associated with higher
COVID-19 cases and fatalities.*"'®-1” Most have found
significant associations between increases in air pollution and
increased COVID-19 cases and deaths. In China, researchers
reported that the air quality index, PM, s and O3 were
positively associated with increased cases of COVID-19.105:108
A 10 pg/m® increase in PMj s and O3 was associated with
a 2.24 and 4.76% increase in the daily counts of COVID-19
cases.'”

In London, UK, and in California, USA, researchers reported
correlations between PM; s concentrations and reported
COVID-19 cases.'”*1% However, in NYC, the findings on the
impact of PM;_ s and O3 with COVID-19 were mixed.*” A one-
unit increase in the moving average of O3 was associated with a
10.5% increase in daily new COVID-19 cases; however, a one-
unit increase in the moving average of PM, 5 was associated with
a 33.1% decrease in daily new COVID-19 cases.

Overall, research has shown that increases in PM; 5 were
related to increased mortality from COVID-19 and decreases
in PM, 5 were related to reduced mortality,**-48:104,106,107,110,111 Tpy
one study, Yao et al.'”” found that for every 10 pg/m? increase in
PM, s, the case fatality rate increased by 0.24%. In a study done
in Italy, more polluted cities had two times higher the mortality

rate when compared with less-polluted cities.'"

Methods

This systematic review which focused on air pollution and trav-
ellers’ health was conducted based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines and was registered in the Prospective Register of
Systematic Reviews (PROSPERO) (CRD42020200420).

Types of participants and outcomes measured

The population of this review was adults aged >18 years who
had travelled internationally. There were no restrictions on where
the participants travelled and there were no restrictions on the
reason for travel. The primary focus was on articles related to
respiratory and cardiovascular outcomes, but articles that were
related to other biological and physiological changes related to
air pollution exposure were also included.
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Data sources and search strategy

We identified articles for this review using three databases:
Embase, PubMed and Scopus. Supplementary Table S1 (avail-
able as Supplementary data at JTM online) reports the search
terms we used for each database. Only original research arti-
cles, research letters and research communications that were
published from January 2010-10 March 2020 were included.
Conference abstracts, unpublished studies, review articles or
correspondence (e.g. editorials and non-research letters) were
excluded. We retained only articles written in English.

Criteria and process of article selection

Criteria for article selection were as follows: (i) populations
who travelled internationally and not within areas of the same
country (i.e. New York to Los Angles), (ii) populations aged
>18 years of age, (iii) articles that had population demographics,
specifically age and sex, (iv) data and information about pre-
travel health related to the outcome being studied, (v) articles
with PM> s and O3 as pollutant exposure and (vi) respiratory and
cardiovascular health outcomes related to short-term exposure
(defined as: 1 day—2 months) to air pollution.

Articles that were excluded from this review included: (i)
those without international travellers, (ii) children defined as
<18 years of age and (iii) articles without any health outcome
provided.

Two authors, K.M.Z. and M.J.R.V,, independently screened
the records for inclusion and were blinded to each other’s deci-
sions. After the researchers screened the articles, they discussed
their decision on whether to keep or remove an article. The
reviewers first removed articles based on titles, then abstracts
and then by reading the full paper. Disagreements were resolved
by discussing the decisions of the reviewers. All decisions were
recorded in Excel. In addition to the database searches, we
reviewed the reference lists from the selected articles to identify
any potential missing studies on air pollution and international
travellers’ health.

Data extraction and synthesis

For each article that remained, the following characteristics were
extracted: author’s last name, year of the publication, starting
location, travel location, duration of travel, sample size, age
range, sex, smoking status and outcome studied. The number of
articles that remained for this review is small; the study designs
are not similar, and the outcome measures varied, therefore,
results could not be pooled for a meta-analysis.

Results

Article selection

A total of 115 English language publications were identified after
applying the search terms and publication year range. Figure 2
reports the process that the authors used to remove studies from
this list that did not meet the criteria (Criteria and process of
article selection section).

After completing all the steps shown in Figure 2, six stud-
ies remained for assessing the impact of air pollution on the

travellers’ health. Characteristics of the studies are shown in
Table 3.

All six studies included in the review were observational
studies, which comprised of one case report and five longitudinal
studies. All except one study investigated the health impacts of
healthy non-smoking volunteers who travelled from a North
American or European city to cities in East Asia, South Asia

1" included participants who travelled

or Europe (i.e. one study
from North America to Europe in addition to East and South
Asia, and one study had participants who travelled from Japan
to China). The age range of the participants was 18-57 years,
although most participants were young adults below 30 years.
Health outcomes measured included cardiopulmonary health
endpoints (PEF and FEV;) and blood and urinary biomarkers
of air pollutant exposure. Most studies also used questionnaires
to record symptoms, travel details and other information, such

as diet, cooking behaviours and traffic conditions.

Health effects of air pollution on international
travellers

Cardiopulmonary health outcomes and symptoms. Three studies
investigated the cardiopulmonary health outcomes associated
with travel to polluted cities. Vilcassim et al.''* reported that
a participant who travelled from NYC to Shanghai did not
experience lung function (PEF) reduction in the first week
in Shanghai when the PM, s concentrations were not higher
(approximately, 20 pg/m?) than the typical concentrations in
NYC. However, in the last week of stay in Shanghai, PM; s
levels reached a weekly or daily mean of 50 pg/m?, with peak
concentrations of up to 130 pg/m®. During this last week,
the participant experienced a drop in PEF (~5%), which was
accompanied by an increase in respiratory symptoms, including
throat irritation and cough.

Further evidence of international travel-related air pollution
impacts on cardiopulmonary health was reported.'’ Researchers
studied a cohort of 34 volunteers who travelled from the USA
(NYC metropolitan area) to various cities around the world.
Young, healthy non-smoking volunteers provided repeated daily
measures of FEVy before travel, during their stay abroad and
after returning to their home city. Overall, increasing travel-
related PM; s concentration was associated with statistically sig-
nificant decrements in lung function (FEV and PEF). The highest
decrease in lung function was observed when the participants
travelled to highly polluted cities (defined as cities with PM; 5
concentrations >100 pg/m?), which included mostly South and
East Asian cities, such as New Delhi, Shanghai, Beijing and
Dhaka.

Participants who travelled to highly polluted cities also expe-
rienced a significant increase in respiratory symptoms, including
cough, throat irritation and nasal congestion, requiring some
individuals to use medication to manage their symptoms. Impor-
tantly, over 75% of the participants who experienced increased
respiratory symptoms recovered from these adverse effects after
returning home. In participants who had lung function decre-
ments, return to their home city was associated with a significant
mean increase (recovery) in FEV1."” A reduction in lung function
(including reversible) in combination with respiratory symptoms
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Figure 2. PRISMA flow diagram for air pollution and international travellers’ health.

is considered an adverse effect as per the American Thoracic
Society (ATS) recommendations.'"?

Travel to polluted cities was also shown to be associated
with adverse effects on cough reflex and cough-related quality
of life due to travel-related PM exposures.'"* However, this
study included smokers and non-smokers, and there was no
stratification or controlling for smoking; therefore, determining
if the changes in lung function were associated with changes in
air pollution is difficult.

Urinary and blood biomarkers of exposure to air pollution. The possi-
ble mechanisms behind the health effects associated with trav-
elling to polluted cities were investigated by Lin ef al. in two
studies.'"” The first study investigated the difference in urinary
biomarkers associated with polycyclic aromatic hydrocarbons
(PAH) exposure in a group of 10 healthy volunteers who trav-
elled from Los Angeles to Beijing in 2012.'" The median con-
centrations of 12 hydroxylated PAHs in Beijing were significantly
higher than Los Angeles, indicating higher exposure to pollutants
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Table 3. Characteristics of studies included in review

Sample size

Age, Smoking Status, Health Outcome studied

Status, Number of Females

First author, year of Travel Duration of travel
publication
Lin, Y., 2016'% Los Angeles, USA, to 10 weeks
Beijing, China
Sato, R.,2016''# Sendai, Japan, to 2-8 days
Beijing, China
Wu, X., 2017116 Munich, Germany, to 8-40 days
China
Vilcassim, M. J. R., NYC, USA, to 2 weeks
201812 Shanghai, China
Vilcassim, M. J. R., NYC, USA, to 11 cities At least 1 week
20191 in Europe, 4 cities in
South Asia, 4 cities
East Asia, 1 city in
Africa
Lin, Y., 2019"! Los Angeles USA, to 10 weeks

Beijing, China

10

17

34

26

Mean =23.3 years Metabolites of PAHs,
Range =20-39 MDA

Non-smoking, healthy, 6 Urinary biomarkers
females

Mean =35 years Cough reflex

Range =25-57 Lung function

Current smokers (2)

Former smokers (5)
Never-smokers (10), healthy, 7
females

Mean =29 years Oxidative stress
Range =26-34
Non-smoking, healthy, 0

biomarkers

females
31 years non-smoking, healthy,
female

Lung function

Mean F=27.3 years Lung function
Mean M =26.6 years Blood pressure
Range =22-39 Heart rate
Non-smoking, healthy, 23 Variability

females
Mean=23.8 years
Non-smoking, healthy, 14

Metabolites of PAHs
Urinary/blood

females biomarkers of CVD

in Beijing. The second study' measured urinary and blood
biomarkers in a group of 26 non-smoking young adult travellers
who were residents of Los Angeles and had travelled to Beijing."!
The travellers spent 10 weeks in Beijing where PM, s and O3
concentrations were markedly higher than the pre- and post-
travel Los Angeles levels. The authors demonstrated that this
travel-related exposure to air pollution induced systemic pro-
oxidative and proinflammatory effects, where the biomarkers
were interestingly reversed after the participants returned to Los
Angeles.!! The changes in activities of outcome measures (blood
biomarkers in particular) in association with exposure to PAH
metabolites revealed alteration in oxidative metabolism, which
is attributed to ambient air pollution exposure. These changes
warrant further studies on biomarkers that can detect early
cardiovascular effects due to the air pollution exposure.

In addition to the Lin studies, researchers in Germany inves-
tigated nine volunteers who were exposed to higher levels of
PM pollution when they travelled from Germany to China by

116 The median concentrations of

measuring urinary biomarkers.
oxidative stress biomarkers were higher in samples collected
after the volunteers returned from China when compared to

pre-travel.

Discussion

The main findings of our review reiterate the importance of the
exposure to air pollution on health, with the key notable gap
being health information and research on the impacts of air
pollution exposure on international travellers. To our knowledge,
this is the first systematic review that explores the health impacts
of air pollution exposure on international travellers. Although

limited, the results from the reviewed studies demonstrate that
there are associations between exposure to elevated levels of air
pollutants and adverse health outcomes in travellers. Therefore,
travellers who intend to visit highly polluted cities should take
caution by, for example, researching pollution levels in travel
cities, avoiding seasons with high pollution levels and wear-
ing masks, as they may experience symptoms or lung function
changes, impacting their quality of life and health.

Attention to environmental risks, particularly air pollution
in the context of travel, was noted in an early JTM publica-
tion by Christopher Sanford (2004).” However, based on our
findings for this review, very limited work has been done since
to assess the CVD and respiratory risks of short-term exposure
to higher levels of air pollution during travel. The few stud-
ies that researched associations between air pollution exposure
concentrations and cardiopulmonary health of travellers support
the hypothesis that limited research has been conducted since
Sanford called for attention to the potential risks of air pollution
to travellers.!0-11-112

The studies presented evidence of significant lung function
decrements from baseline and change in biomarkers related to
exposure in healthy young adults. Although the sample sizes were
limited, and vulnerable groups were not included, these studies
suggest that even short-term exposures to air pollution can result
in adverse health effects in healthy young individuals. Based on
the studies presented in this review, we can assume that older
travellers and those with pre-existing conditions may face higher
risk. Further concern for these vulnerable populations arises
during travel due to the limited medical facilities for travellers
in many of these destinations.
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As highlighted in the Introduction, air pollution is higher
in megacities and travel destinations in developing countries
when compared to developed nations. As discussed, exposure
concentration alone should not be a determinant of protection
from potential health effects. It is important to note that the
toxicity of PM; s also greatly depends on the composition, which
is determined by the sources in a city/region. Therefore, although
the PM, s concentrations may be relatively low in some travel
destinations when considering PM; 5 mass alone, public health
impacts of air pollution and impact on traveller health may be
greatly underestimated if the sources and composition are not
considered.®®-¢*-117:11% Another factor to consider when assessing
the low concentrations of pollutants in developed cities is the
variation of these pollutant concentrations over time. In some
cities (e.g. Los Angeles), average PM, 5 concentrations meet the
annual standards, but maximum concentrations can reach levels
above the EPA’s 24-h National Ambient Air Quality Standards
(NAAQS) for PM, 5 of 35 pg/m® during short periods.®” In
essence, travellers need to be aware of the potential for high
exposures to pollutants when they travel and recognize that
both exposure to the main pollutants and the components are
of concern.

The majority of studies highlighted in this review came from
East Asian nations, particularly Beijing and Shanghai, where
pollutant concentrations are generally high. However, despite
having some of the most polluted cities in the world, such as
New Delhi, with an exception of one study, there was a notable
vacuum in studies assessing the acute CVD and respiratory
health effects associated with air pollution exposure in South
Asia. Studies are also lacking in South America and Africa.
Although cities in Europe and North America may be ‘cleaner’,
it is also important to acknowledge that there could be health
concerns when persons travel between these areas. Composition
of particulate matter can be different in different countries, which
may potentially impact travellers.

In addition to the adverse health risks travellers face due to
exposure to air pollutants, travel may be impacted significantly
by climate-related events, which are predicted to particularly
affect vulnerable urban areas in South Asia, East Asia and
the Pacific.'” Megacities in these regions that are located in
low-lying coastal areas are especially vulnerable. Rising global
temperatures can increase the frequency of ‘extreme events’ such
as floods, heatwaves, dust storms and wildfires, which can lead
to increases in air and water pollution, increased health risks and
population displacement in affected regions. Thus, the impact
of global warming is expected to contribute to human mobility,
leading to increased migration and travel to regions that are
perceived to be ‘safer’.’?” The implications of global warming on
traveller health and climate impacts on the future of the tourism
industry should therefore be carefully considered in long-term
decisions made by governments and policy makers, warranting
further research in this area. Additionally, travellers who plan
their trips should be aware of the potential weather extremes
that can lead to greater pollution and conversely greater impacts
on health.

Although we believe this review provides the most up-to-
date knowledge regarding CVD and respiratory health effects
of exposure to PM; 5 and O3 in cities abroad during travel,

some limitations must be considered. It is possible that there
may have been peer-reviewed research that were outside of
our search criteria which may provide other health information
related to air pollution exposure when travelling abroad. The
five longitudinal studies and single case report included in this
review were all observational in design. While the improved
statistical designs and models used in these studies can control
for confounders, factors such as diet, stress during air travel,
variations in microenvironments during the stay, the presence
of air conditioning, etc. can impact the exposure-health metrics.
Therefore, interpretation of these results for the general travel
population is challenging and needs further investigation with
larger study populations that consider other contributing factors.
Additionally, travellers experienced different durations of travel
and thus exposure periods, making it hard to compare the out-
comes in this review. However, this problem is similar to current
air pollution and health research where ‘windows of exposure’
differ, making the comparison of health outcomes difficult. One
of the main limitations of these studies and of air pollution
research, in general, is the difficulty in determining the pollutant
exposure. Researchers often rely on local monitoring stations
or personal monitors for measurement of exposure. Monitoring
stations may monitor on different days, for different time peri-
ods, and maybe located in varying setting throughout the city
or country. Furthermore, the equipment and oversight of these
stations vary throughout the world. Personal monitoring is often
utilized to determine individual exposures. Although this strategy
can provide detailed information about exposure, concerns may
be raised about the appropriate use of the monitors. Frequently,
these monitors rely on people properly wearing them and then
following instructions of protocols. The exposure measurement
for studies such as this can be difficult, but all studies from
this review provide insight into the need for more research on
exposures and health outcomes.

Conclusions

In conclusion, although research provides evidence for differen-
tials in air pollution concentrations between nations and that
short-term exposure among city residents is associated with
increased CVD and respiratory events, there is a paucity of
research on the impact of air pollution on the health of interna-
tional travellers. The few studies that have been conducted show
trends in exposure and adverse health outcomes in international
travellers, which beg for more in-depth research. Further studies
are warranted to understand the underlying mechanisms and par-
ticularly how vulnerable groups are impacted by such exposures
when visiting cities abroad.
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