
Journal of Travel Medicine, 2018, 1–3
doi: 10.1093/jtm/tay002
Brief communication

Brief communication

Does air pollution contribute to travelers’ illness and

deaths?—evidence from a case report and need for

further studies

M. J. Ruzmyn Vilcassim, MS1*, Terry Gordon, PhD1, and Christopher A. Sanford, MD,

MPH, DTM&H2

1Department of Environmental Medicine, New York University School of Medicine, 57 Old Forge Road, Tuxedo, NY 10987,
USA and 2Family Medicine—Global Health, University of Washington, Seattle, WA 98125, USA

*To whom correspondence should be addressed. Email: rv702@nyu.edu

Submitted 9 October 2017; Revised 21 December 2017; Editorial decision 8 January 2018; Accepted 11 January 2018

Abstract

Annual increases in global travel have resulted in more individuals being exposed to varying environmental condi-

tions abroad and, thereby, subject to air pollution related health risks. Individuals who travel abroad may be

exposed to varying levels of air pollution within a matter of hours. We wish to consider whether exposure to air

pollution could be a significant contributor to the risk of illness and death in travelers, particularly those who travel

to highly polluted cities. We report the findings of a study in which the peak expiratory flow (PEF) of a traveler

decreased in Shanghai relative to baseline in New York City; the decline in PEF correlated to concentration of par-

ticulate matter (PM2.5). We discuss the health implication of these results on global travel.
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Introduction

The adverse health effects of acute and long-term exposure to
ambient air pollution are well known and include elevated risks
for asthma, chronic obstructive pulmonary disease, cardiovascu-
lar disease and lung cancer. Several large epidemiological cohort
studies have shown higher rates of relative risk for cardiovascu-
lar and respiratory health effects.1–3 Of the various air pollu-
tants, particulate matter (PM), mainly fine PM (PM2.5), is the
pollutant most strongly associated with adverse respiratory and
cardiac impacts. Long-term PM exposures are most strongly
associated with mortality attributable to ischemic heart disease,
dysrhythmias, heart failure, and cardiac arrest.4 Each 10-μg/m3

increase in PM2.5, for example, has been associated with
approximately a 4, 6 and 8% increased risk of all-cause, cardio-
pulmonary and lung cancer mortality, respectively.2 Outdoor
ambient PM is one of the leading causes of global health burden
and is associated with 3.2 million deaths and 76 million
disability-adjusted-life-years lost per year.5, 6 However, almost
all of such epidemiological studies have modeled study popula-
tions within a selected city, country or geographic area, which

gives rise to the question whether the impacts are the same for
travelers, who may be exposed to varying pollution levels within
a matter of hours.

According to the World Health Organization’s (WHO)
urban air quality databases, air pollution levels are rising in
many of the world’s largest cities. The highest pollution levels
have been recorded in low- and middle-income countries in
WHO’s Eastern Mediterranean and South-East Asia Regions
(annual mean levels often exceeding 5–10 times WHO
guidelines), followed by low-income cities in the Western Pacific
Region.7 Megacities in Asia such as New Delhi, Mumbai,
Dhaka, Shanghai and Beijing rank amongst the most polluted
cities, in terms of annual mean airborne PM concentrations.7

Travelers to these destinations may, therefore, be at increased
risk from exposure to high levels of ambient air pollution, espe-
cially during certain seasons and weather conditions that result
in major pollution episodes, as seen in New Delhi in late 2016
and 2017.

Myocardial infarctions (MIs) and cerebrovascular accidents
(CVAs) are among the most common causes of deaths of
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international travelers. Some studies indicate that approximately
half of all deaths of travelers is due to one of these two causes.8

Might some portion of travelers’ deaths due to MI, CVA and
other cerebrovascular issues be attributable to air pollution?
PM2.5 is linked to increased QT interval duration, a marker of
ventricular repolarization and a risk factor for cardiac arrhyth-
mia and sudden death.9 PM2.5 is also linked to ischemic heart
disease and risk of pulmonary embolism (PE).10 Thus, a poten-
tial link between PM exposure and acute cardiovascular events
could be an important health concern for susceptible travelers.

Case Report

Previous anecdotal comments from students and staff who trav-
eled to Beijing and Shanghai, China showed that they experi-
enced various respiratory symptoms during the days of elevated
air pollution during their stay. To investigate this relationship of
air pollution exposure and health impacts during travel, our
laboratory launched a pilot study where we measured lung func-
tion and PM2.5 exposure levels in a healthy, non-smoking sub-
ject. This case report presents data from a female subject, 31
years old, who did not have respiratory illnesses and did not
take any medication prior to or during travel. The subject trav-
eled from NYC to Shanghai and was pre-trained in NYC to
measure lung function—Peak Expiratory Flow (PEF) and
Forced Expiratory Volume (FEV1) (Koko Pro 6, Ferraris
Medical). PM2.5 concentrations were obtained from the central
air pollution monitoring stations in Manhattan (US EPA) and at
the US embassy in Shanghai. Daily pulmonary function mea-
surements were recorded in the evening for 1 week in NYC
before travel and during the 2 weeks abroad. The subject also
recorded daily respiratory symptoms.

Compared with the pre-travel week in NYC, the mean PEF
decreased by ~20 L/min when the average ambient PM2.5 levels
increased during the last week of stay in Shanghai (Figure 1).
This decrease was not seen during the first travel week when
PM levels in Shanghai were similar to the pre-travel NYC levels.
The average PM level in Shanghai during the last week of travel
(50.4 ± 38.5 μg/m3; mean ± SD) was higher than the first travel
week (19.0 ± 8.6 μg/m3), and in particular, 2 days within the
highly polluted week had PM levels of 130 μg/m3. Lung

function changes were negatively correlated with the ambient
PM2.5 concentrations (Figure 2). The observed decrement in
PEF was accompanied by an increase in respiratory symptoms,
which included throat irritation, cough with phlegm, nasal irri-
tation and congestion, and rhinorrhea, and a small but not stat-
istically significant reduction in FEV1.

Discussion

This case presents an initial perspective of how short-term
exposure to PM pollution, when traveling abroad, can impact
pulmonary health. The subject did not report having a cold,
wheeze or any respiratory illness during the stay in Shanghai.
Therefore, we suggest that the lung function reduction and
reported respiratory symptoms were due to the higher air pollu-
tion levels encountered during the second travel week in
Shanghai. We are continuing to examine this phenomenon in
more participants who travel to urban centers with higher air
pollution, to varying degrees, than their resident city. We pro-
pose to supplement these pulmonary function data with blood
pressure and heart rate. While studying the short-term acute
impacts of air pollution on travelers is important, it is also
impactful to examine whether this effect persists during a longer
stay in high pollution urban centers. It is possible that long-term
travelers may adapt to such conditions, as residents of those cities
may have to a certain degree. Longer stays, of course, might also
involve changes in living conditions, behavior and activities, thus
altering the time a traveler spends indoors vs. outdoors.

Little to no research has investigated the potential health
effects of traveling to a polluted travel destination, relative to
the home site. Although not international travel, a study in
China has demonstrated that lung function and blood pressure
are changed in a study population that moved from a cleaner
suburban area of Beijing to a more polluted urban area, and
that specific components of PM were associated with these
effects.11 Moreover, data from the Geosentinel study of travelers
to China has shown that respiratory illnesses were the most
common illness among travelers who visited China during the
study period.12

Deaths in international travelers are relatively rare. Of every
100 000 people who visit a low-income country for a month,
approximately one will die.13 Hence, a study that investigates
whether travelers are more likely to die in polluted foreign cities,
compared with foreign cities with relatively unpolluted air,
would require a very large number of subjects. Thus, it is
unclear the extent of contribution that air pollution makes to
deaths in travelers to polluted destinations. One study found
that cardiovascular causes account for 70% of the deaths of tra-
velers to the USA, which has relatively low levels of ambient air
pollution.14 This suggests that high air pollution levels are not
prerequisite for cardiovascular causes to comprise the most
common cause of deaths of travelers. However, data from the
2008 Beijing Olympics and the Chinese travel study show that
acute changes in ambient air pollution are associated with
adverse cardiopulmonary effects.11

There are statistical and logistical obstacles to demonstrating
an elevated risk of adverse pulmonary or cardiac health effects,
including sudden death, in international travelers to polluted cit-
ies. However, given the demonstrated association between

Figure 1. The change in evening mean PEF in the study participant and

mean ambient PM2.5 concentrations (obtained from respective central

monitors), during the week-long baseline period in New York City and

the 2-week travel abroad period in Shanghai, China
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elevated levels of pollutants (PM and ozone) and alterations in
cardiopulmonary health shown in large time series studies, the
link between air pollution and adverse health effects in inter-
national travelers is biologically plausible. If this issue is shown
to be significant in further study, it may be reasonable for pre-
travel clinicians to advise travelers with cardiovascular risk factors
to minimize their duration of stay in urban areas with significant
air pollution.
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Figure 2. Mean PEF vs. mean ambient PM2.5 concentration (μg/m3)

recorded in the evening for the participant shown in Figure 1. Data

include pre-travel NYC and Shanghai values
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