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ABSTRACT

ALESSIO, H. M., D. R. BASSETT, M. J. BOPP, B. B. PARR, G. S. PATCH, J. W. RANKIN, D. ROJAS-RUEDA, M. W. ROTI, and J. R.

WOJCIK. Climate Change, Air Pollution, and Physical Inactivity: Is Active Transportation Part of the Solution?Med. Sci. Sports Exerc., Vol. 53,

No. 6, pp. 1170–1178, 2021. Active transportation is defined as self-propelled, human-powered transportation modes, such as walking and bicy-

cling. In this article, we review the evidence that reliance on gasoline-powered transportation is contributing to global climate change, air pollution,

and physical inactivity and that this is harmful to human health. Global climate change poses amajor threat to human health and in the future could

offset the health gains achieved over the last 100 yr. Based on hundreds of scientific studies, there is strong evidence that human-caused green-

house gas emissions are contributing to global climate change. Climate change is associated with increased severity of storms, flooding, rising sea

levels, hotter climates, and drought, all leading to increased morbidity and mortality. Along with increases in atmospheric CO2, other pollutants

such as nitrogen dioxide, ozone, and particulate matter (e.g., PM2.5) are released by combustion engines and industry, which can lead to pulmo-

nary and cardiovascular diseases. Also, as car ownership and vehicle miles traveled have increased, the shift toward motorized transport has con-

tributed to physical inactivity. Each of these global challenges has resulted in, or is projected to result in, millions of premature deaths each year.

One of theways that nations canmitigate the health consequences of climate change, air pollution, and chronic diseases is through the use of active

transportation. Research indicates that populations that rely heavily on active transportation enjoy better health and increased longevity. In

summary, active transportation has tremendous potential to simultaneously address three global public health challenges of the 21st century.
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In many nations throughout the world, transportation sys-
tems are characterized by a reliance on motorized vehicles
that burn fossil fuels (1–3). A little more than a century

ago, thriving cities undergoing rapid population growth were
served by electric streetcars that could rapidly and efficiently
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carry large numbers of workers over grid-style street systems
(4). By the middle of the 20th century, however, personal au-
tomobiles had begun to dominate the landscape and comprised
a greater and greater percentage of short trips. Over the next
50–60 yr, the growth of the suburbs, increased prosperity, fed-
eral highway systems, fuel subsidies, and other policies that
favored automobile/motorcycle ownership increased depen-
dence on fossil fuels to meet the world’s transportation needs
(5,6). Over time, walking, cycling, and bus and rail ridership
decreased (4). This pattern has not occurred everywhere, but
with some notable exceptions (e.g., the Netherlands, Spain,
and Switzerland), it has been the norm as nations have under-
gone economic development (7,8).

Industrialization and technological innovation have pro-
duced many societal benefits that have transformed the world
. Unauthorized reproduction of this article is prohibited.
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we live in. However, overreliance on fossil fuels has serious
negative consequences, including (a) global climate change,
(b) air pollution, and (c) physical inactivity (9–11). The use
of internal combustion engines in the transportation sector is
a major contributor to these problems. The transportation of
people and goods accounts for one-quarter of all energy
consumption in the world, and passenger transportation (par-
ticularly light-duty vehicles) accounts for most of the transpor-
tation energy consumption (12). The purpose of this narrative
review is to provide a comprehensive overview of the topic
and to highlight the role of active transportation as a solution
to help mitigate these three major societal problems.
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GLOBAL CLIMATE CHANGE

Global climate change poses a major threat to human health
and in the future could undermine the health gains achieved
over the past century (13,14). Based on evidence from hun-
dreds of comprehensive scientific studies, global warming is
occurring, and human-caused greenhouse gas (GHG) emis-
sions are a major contributor (15–17). The mean global tem-
perature has already risen 1.0°C above preindustrial levels
(18). In some regions (e.g., Alaska), the winter temperatures
have risen by as much as 6.0°C, causing erosion that increases
risk of coastal communities to storms and forced relocation,
changes in wildlife patterns that leads to food insecurity, and
as the frozen ground melts, more of the GHG, methane, is re-
leased into the atmosphere (15,19).

A report from the Intergovernmental Panel on Climate
Change, a group of more than 830 lead authors and review ed-
itors from 80 countries, stated that the “warming of the climate
system is unequivocal” and that “the atmospheric concentra-
tions of carbon dioxide,methane, and nitrous oxide have increased
to levels unprecedented in at least the last 800,000 years” (20). At-
mospheric carbon dioxide (CO2) has not been this high for over
3 million years when the earth’s temperature was 2°–3° warmer
and sea level was 15–25 m higher than today. The problem is ac-
celerating, and 9 of the 10 warmest years on record have occurred
since 2005 (18).

Global warming does more than increase average local temper-
atures. Weather disasters such as extreme drought, flooding, wild-
fires, hurricanes, and tornadoes are more common as the planet
warms (21). The United States had 16 billion-dollar disasters in
2017, tied for the highest number with 2011 (22). The average
number of these events has climbed steadily since 1980 (22).Other
changes such as rising ocean levels, desertification, loss of topsoil,
and diminished agricultural productivity are also occurring (23).

Increased burning of fossil fuels contributes to the release of
GHG and heating of the planet. CO2 and nitric oxide absorb
heat and as a result reduce heat loss from the earth’s atmo-
sphere. Global energy consumption and CO2 emissions from
fossil fuel use increased 40% between 2000 and 2016 (24)
and heightened the concern about depletion of energy reserves
and excessive heating of the planet.

Although there are many contributors to the increase in
GHG, the transportation sector plays a powerful role. In fact,
CLIMATE CHANGE, AIR POLLUTION, AND INACTIVITY
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the transportation sector became the highest GHG emitter in
the United States beginning in 2016 (25) and used 37% of the
energy in 2019 (26). Most (~56%) of the energy used in this
sector is by light-duty vehicles (cars, small trucks, vans, and
SUV) andmotorcycles (26). Each gallon of gasoline combusted
releases ~20 lb of CO2. Although it may seem unrealistic that a
gallon of gas (weighing about 6.3 lb) could produce this much
CO2, most of the weight of the CO2 comes not from the gaso-
line itself but from the oxygen in the air.

Because the United States has the most vehicles per capita
of any major country (3) as well as vehicle miles traveled
(VMT), it is not surprising that the United States is the largest
GHG emitter per capita. The United States has about 5% of the
world’s population but produces approximately 13%–15% of
global GHG emissions (27,28). Analysis of the 2017 National
Household Travel Survey showed that the average American
made almost 90% of trips in cars and spent approximately
1 h each day in a vehicle (29). Not only is transportation re-
sponsible for ~25% of CO2 emissions globally, it is the fastest
growing global GHG emitting sector (30).

The impact of climate change on human and environmental
health will become more severe as temperatures continue to
rise. Human beings will suffer increases in heat illnesses and
morbidity, deaths due to flood/drought, vector borne diseases
(e.g., malaria, West Nile virus, Zika virus), and increasingly
severe allergies (23). The health of the environment will dete-
riorate as oceans rise and acidify, pollinators decrease,
climate-related disasters (flood, storms, drought, and extreme
temperatures) increase, and crops and livestock suffer. An es-
timated 815 million people (14% of the world’s population)
were undernourished in 2016 (31). This problemmay be ampli-
fied with ongoing resource shortages and increasing numbers of
environmental refugees. Civil violence may break out as gov-
ernments compete for scarce energy, food, and water resources
(23). To address these threats, the Paris Climate Accord signed
by the representatives of 195 countries in December 2015
pledged to take major, voluntary steps to decrease their GHG
emissions to hold the global average temperature increase to
well below 2°C above preindustrial levels (14).

Modeling studies have predicted the excess mortality that
will occur by the end of the century (2099), if global warming
continues to worsen. In Europe, east Asia, and Australia, there
would be a 0.1% to 1.2% decrease in deaths, but warmer re-
gions like central and southern parts of America or Europe,
and especially southeast Asia, would undergo a huge increase
in heat-related impacts, resulting in a 3% to 12.7% increase in
deaths. However, most of the health impacts due to rising tem-
peratures could be avoided by mitigation strategies to limit
GHG emissions and further warming of the planet (32).

AIR POLLUTION

Air pollution is another major problem that negatively im-
pacts health (Fig. 1). The World Health Organization (WHO)
estimates that 3.0–3.7 million people throughout the world died
of outdoor air pollution in 2012 (34,35). In the United States,
there were 55,000 premature deaths linked to outdoor air
Medicine & Science in Sports & Exercise® 1171
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TABLE 1. Types of pollutants found in ambient air and their health effects.

Ultrafine particles (carbon-based or metallic inhalable particles less than 100 nm
in diameter)—could cause oxidative stress, inflammatory responses,
heart, and lung disease.

PM2.5 (fine inhalable particulate matter generally 2.5 μm in diameter and less)—
stroke, ischemic heart disease, bronchitis, chronic obstructive pulmonary disease,
lung cancer, and kidney disease

PM10 (coarse inhalable particulate matter generally 10 μm in diameter and
smaller)—acute lung and cardiovascular inflammation, associated with mortality
but less so than PM2.5

Nitrogen dioxide (NO2)—irritation of nose/throat, asthma, bronchitis, respiratory
inflammation, pneumonia, reduced immune response

Ground-level ozone—eye irritation, asthma, bronchitis, heart disease,
respiratory irritation

FIGURE 1—Smog in China results in an estimated 1.36 million prema-
ture deaths per year (33). Photo credit: Hung Chung Chih/iStock via
Getty Images.
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pollution in 2010 (33), which is 64% more than the number of
deaths in motor vehicle crashes (36). In China, there were
1,357,000 premature deaths linked to outdoor air pollution in
2010 (33). The problem of outdoor air pollution is worst in devel-
oping nations such as Pakistan, Afghanistan, and Bangladesh;
the air pollution levels in these countries are roughly 10–20 times
higher that of developed European nations (37). Populations that
are especially vulnerable to the effects of air pollution include the
young, the elderly, the individuals with chronic obstructive pul-
monary disease and heart disease, and the poor (23,38,39).

Deaths from transient air pollution events have occurred in
modern history. Between 1958 and 1962, London had eight
major episodes of air pollution. The London Smog of 1952
was the worst of these and resulted in 4000 excess deaths (40).
The New York Smog of 1953 lasted 6 d and caused the deaths
of an estimated 220–240 people. Subsequent New York smog
episodes in 1963 and 1966 caused the deaths of 300–405 deaths
and 167 deaths, respectively (38,41–43). In the 1950s and 1960s,
most major cities in the United States were afflicted with smog,
and concern over the health consequences grew. Events like
these contributed to the passage of the Clean Air Act of 1970
in the United States and were part of a broader movement for
governmental regulation of air quality.

Despite major improvements in air quality in the United
States from 1970 to 2015 (44), air pollution remains a major
health concern. Scientists have drawn a strong connection be-
tween particulate matter air pollution and cardiopulmonary
diseases (23,40). Black carbon is a key component of fine par-
ticulate matter (PM2.5), which is the air pollutant most strongly
linked to premature death (Table 1). PM2.5 can lead to epigenetic
methylation effects on deoxyribonucleic acid (DNA), as well as
respiratory and cardiovascular disease (CVD), lung cancer, and
premature death (34). The WHO set the Air Quality Guideline
for annual average PM2.5 concentration at 10 μg·m−3, based
on evidence of health effects of long-term exposure (39,45).

Along with CO2, other pollutants such as nitrogen dioxide,
ozone, and particulate matter (e.g., PM2.5) are released by
combustion engines. Studies report that 26%–45% of nitrogen
1172 Official Journal of the American College of Sports Medicine
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dioxide and 16%–33% of volatile organic compounds are
emitted by on-road vehicles, and ~20% of PM2.5 is released
by on- and off- road vehicles (46). Because of regulations on
emissions and vehicle efficiency imposed by the Environmental
ProtectionAgency, emissions from on-road vehicles have fallen
in the United States over the past 50 yr, despite a continuous
growth in VMT. Despite improvements in fuel economy and
catalytic converters, however, pollution from motor vehicles
and industry still plays an important role in air quality (47).
The Environmental Protection Agency has also been effective
in reducing pollution produced by factory, oil refinery, and
power plant emissions since its formation in 1970.

Improvements in air quality have occurred in Western
Europe and other developed nations (37). However, the WHO
estimates that 92% of the global population still lives in loca-
tions with air pollution greater than the recommended limit
(48). Large cities in developing nations have air quality that is
much worse than in developed countries (37), likely due to less
industry and environmental regulation and enforcement. Ultra-
fine particulate matter is the fourth leading cause of death in
China. In China, air pollution contributed to 1.36 million pre-
mature deaths in 2010 (33), and India had the second highest
mortality rate at 645,000 premature deaths per year (33).

PHYSICAL INACTIVITY

Physical inactivity is another feature of modern civilizations
that is dangerous to health because it contributes to chronic
diseases such as obesity, diabetes, CVD, dementia, and many
cancers (49,50). Physical inactivity is a global pandemic that
resulted in an estimated 5.3 million premature deaths per year
around the world in 2012 (50). However, if inactivity were de-
creased by 25%, more than 1.3 million deaths could be
prevented each year (50). Declines in active transportation
have contributed to physical inactivity. The number of trips
taken by walking or bicycling has declined in the United
States (51–54). In 1969, 40.7% of U.S. schoolchildren walked
or biked to school, but by 2001 only 12.9% actively com-
muted to school (51). Similarly, the percentage of U.S. adults
who walked or biked to work declined over the same period
(54). Declines in transport-related walking and cycling have
occurred in other countries throughout the world, including
Great Britain (55), Finland (56), and Australia (57).

In brief, overreliance on fossil fuels and motorized transpor-
tation is causing climate change, air pollution, and physical
http://www.acsm-msse.org
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inactivity, and these are harmful to human health (Fig. 2). The
appropriate response to these global challenges includes both
adaptation (preparing to deal with the negative effects) and
mitigation (preventative measures to slow global climate
change). Shifting to “clean transport modes” is an important
component of key mitigation actions and involves prioritizing
active transportation over the use of private automobiles (34).
Active transportation refers to self-propelled, human-powered
modes of transportation, like walking and bicycling (58).
(Public transit also contributes to the use of active transporta-
tion because it nearly always involves a walk or cycle trip to
access the transit station.) Active transportation is an important
means of addressing these global challenges. By replacing car
trips with pedestrian or bike trips, reductions in global warming,
air pollution, and physical inactivity can be achieved.

The sections that follow provide a comprehensive over-
view of the benefits of active transportation and highlight
the potential for walking, bicycling, and public transit to im-
prove quality of life by (a) mitigating global warming and
climate change, (b) reducing air pollution, and (c) reducing
physical inactivity.

Benefits of active transportation: mitigation of cli-
mate change. There are multiple effective strategies that
can be used to prevent further increase in atmospheric GHG
and global warming. Changes in the transportation sector such
as reduction in combustion of fossil fuels can be accomplished
through an increase in the efficiency of vehicles, use of alter-
native fuels, and reduction of VMT. VMT has been shown
to fall with financial disincentives (e.g., rising gas price or
tax, tolls, and parking fees) or selection of alternative transpor-
tation options with lower or no fossil fuel use (59).

Transportation modal shift to public transportation and/or to
active transportation can result in substantial reductions in
VMT, fuel use, and GHG emissions. Modeling studies have
estimated the impact of a shift to active transportation.
Maizlish et al. (60) calculated a 7% reduction in VMT,
~22% decrease in PM2.5, and ~15% drop in GHG emissions
in the San Francisco Bay Area if half of all car trips less than
2.4 km (1.5 miles) were walked and half of trips between 2.4
FIGURE 2—Conceptual model for how industrialization and technological inno
transportation, with deleterious effects on human health. UFP, ultrafine particle
particulate matter <2.5 μm; T2D, type 2 diabetes; CHD, coronary heart disease
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and 8 km (1.5 and 5 miles) were cycled. This was based on
their determination that 24% of car trips were less than
1.5 miles and ~34% were between 2.4 and 8 km in this geo-
graphic area. Thus, they found that, by distance, more than
50% of all trips in the San Francisco Bay Area were potentially
walkable or bikeable. In 2009, for example, 40% of all trips in
the United States were 5.1 km (3 miles) or less (61).

Similar modeling studies in other countries identify compa-
rable benefits of a shift to active transportation for a larger pro-
portion of short trips. Changing from cars to cycling for
transport for just 5% of trips ≤7 km in New Zealand was esti-
mated to reduce fuel use by 22 million liters and reduce CO2

emissions by over 50,000 metric tons (62).
An example used by the Rails-To-Trails Conservancy that

brings the impact of active transportation to an individual level
is that “a bicycle commuter who rides 5miles [or 8 km] towork,
4 d�wk�1, avoids 2000 miles [or 3200 km] of driving a year—
the equivalent of 100 gallons [380 L] of gasoline saved and
2000 pounds of CO2 emissions avoided” (63) (Figs. 3 and 4).

Benefits of active transportation: reducing air pol-
lution. Alternative forms of transportation can decrease air
pollution levels, but there is concern that some active com-
muters might face an elevated risk of lung cancer and other
diseases because of increased exposure when walking or cy-
cling in smog-filled environments. There are known health
risks associated with active commuting, such as exposure to
inhaled carbon monoxide, black carbon, nitrogen dioxide,
and PM2.5 and PM10 (64). Three systematic reviews have ex-
amined this issue and concluded that active commuters have a
lower exposure to air pollution than commuters in automobiles
(65–67). However, if the higher ventilation rates and longer
travel times of active commuters are taken into account, the in-
haled doses of pollutants are higher among cyclists and pedes-
trians than among drivers (64). For example, a systematic
review published in 2016 examined levels of air pollution ac-
cording to modes of transportation. The authors searched 10
databases for cross-sectional, observational, and experimental
studies comparing air pollution exposure in active commuters
versus those using motorized transport. They extracted
vation contribute to air pollution, climate change, and decreases in active
s; CFCs, chlorofluorocarbons; CH4, methane; N2O, nitrous oxide; PM2.5,
; COPD, chronic obstructive pulmonary disease.

Medicine & Science in Sports & Exercise® 1173
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FIGURE 3—Carbon dioxide emissions from energy consumption by sector (million metric tons of CO2), 1973–2018. Data for this graph obtained fromU.S.
Energy Information Administration. February 2020 Monthly Energy Review. Washington (DC): U.S. Department of Energy, Office of Energy Statistics;
2020. Report No: DOE/EIA-0035(2020/2). Figure 2.1, Energy consumption by sector; p. 34. Table 2.1, Energy consumption by sector; p. 35. To access an
interactive version of the figure and table, visit: https://www.eia.gov/totalenergy/data/browser/?tbl=T02.01#/?f=A.
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average exposure and commuting time from 39 articles and
then computed inhaled doses of pollutants. They used this to
calculate differences in the number of years of life expectancy
due to inhaled doses and physical activity. Active commuters
had higher inhaled doses, but commuters using motor vehicles
lost up to 1 yr of life expectancy more than the cyclists (64).

Fortunately, toxic levels of pollutants in the air can be reduced
with declines in motor vehicle use. Declines in air pollution
have been seen within 1 d, when cities have held “open streets”
(or Ciclovia) events (68). On-roadway ultrafine particulate and
PM2.5 declined by 21% and 49%, respectively, and the overall
levels of PM2.5 in the community declined by 12%. These
events involve road closure to motor vehicles, and thus it is
reasonable to assume that the drop in pollution is due to de-
creased vehicle emissions. This provides strong evidence that
large-scale shifts in the transportation mode distribution away
FIGURE 4—VMT and CO2 emissions from gasoline and diesel transportation f
tration. Emissions of Greenhouse Gases in the United States 2009. Washington
Available from: https://www.eia.gov/environment/emissions/ghg_report/ghg_car
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from cars and toward walking and cycling can help to reduce
global air pollution in cities.

Benefits of active transportation: physical activity
and cardiometabolic health. Active commuting generally
falls into themoderate-intensity range for physical activity.Walk-
ing at 3 mph has an energy cost of 3.5 METs and burns 245 cal-
ories per hour for a 150-lb person, and bicycling at 10–12 mph
has an energy cost of 6.8METs and burns 476 calories per hour
(69). Thus, it is logical to presume that active transportation
should have health benefits, given the well-established health
benefits of moderate-intensity physical activity.

Cross-sectional studies suggest a link between active trans-
portation and cardiovascular health. In the National Health and
Nutrition Examination Survey, 9933 adults were classified by
level of active transportation into three groups: no active trans-
portation, low active transportation 0–149 min·wk−1, and high
uel use, 1990–2009. Index, 1990 = 100. U.S. Energy Information Adminis-
(DC). 2011. [cited 2020 Mar 4]. 86 p. Report No: DOE/EIA-0573(2009).
bon.php.

http://www.acsm-msse.org
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active transportation >150 min·wk−1. Compared with no ac-
tive transportation, individuals with low and high levels of ac-
tive transportation had a lower body mass index (BMI) by 0.9
and 1.2 kg�m−2, respectively, waist circumference by 2.2 and
3.2 cm, respectively. In those with low and high levels of ac-
tive transportation, the odds of hypertension were 24% lower.
Those with high levels of active transportation also had 31%
lower odds of diabetes (70). The Coronary Artery Risk Devel-
opment in Young Adults study examined 2634 young adults
who worked outside the home in the United States. Active
commuting was positively associated with aerobic fitness in
men and women and inversely associated with BMI, obesity,
triglyceride levels, blood pressure, and insulin levels in men
(71). Similar patterns were seen in the United Kingdom (U.K.).
A total of 20,458 adults were studied and 69% of participants
traveled to work using private motorized transport, 16% by pub-
lic transport, 12%bywalking, and 3% by cycling. The use of any
active transportation was associated with a lower likelihood of
being overweight (adjusted odds ratio = 0.80, 95% confidence
interval [CI] = 0.54, 0.88).Walking or cycling to work was as-
sociated with a lower likelihood of having diabetes (72).

Prospective, cohort studies have been conducted on active
transportation and CVD or all-cause mortality (71,73). The
Shanghai Women’s Health study (1997–2004) examined
67,143 women. The average follow-up was 5.7 yr (n = 67,143).
Formal exercise and cycling for transportation were both asso-
ciated with a 20%–40% reduction in risk of death from all
causes, and results were significant (73). In the U.K. Biobank
study, 502,639 participants were recruited from 22 sites across
the U.K. Regular commuters who walked, biked, or used pub-
lic transit had a lower risk of death due to CVD (hazard ra-
tio = 0.70, 95% CI = 0.51 to 0.95). Those regular
commuters who used active transportation for noncommute
travel had an even lower risk of death due to CVD (hazard ra-
tio = 0.57, 95% CI = 0.39 to 0.85) (74). In Finland, a study
found that women who spent ≥15 min·d−1 walking or cycling
to work had lower all-cause and CVDmortality than those who
drove, but this was not the case for men (75). Ameta-analysis of
active commuting and cardiovascular risk examined eight stud-
ies and found a more robust protective effect of active com-
muting on CVD risk among women (relative risk = 0.87,
95% CI = 0.77–0.98, P = 0.02) compared with men (relative
risk = 0.91, 95% CI = 0.80–1.04, P = 0.17) (76).

In general, the cardiometabolic health benefits of active
commuting outweigh the increased health risks of traffic-related
pollutants, in all but the most extreme pollution cases (64,77).
Amodeling studywas performed inwhich air pollution exposure
was estimated with varying levels of PM2.5, ranging from 5 to
200 μg·m−3 (77). Active travel exposure was computed for cy-
cling and walking times ranging from 0 to 16 h·d−1. At the
global average urban background level of PM2.5 (22 μg·m−3),
the health benefits of physical activity far exceeded the risks
from air pollution. Even in heavily polluted areas with
PM2.5 of 100 μg·m−3, harms would only exceed benefits be-
yond 1.5 h of cycling per day or 10 h walking per day. If com-
parisons were made against driving a car, instead of staying
CLIMATE CHANGE, AIR POLLUTION, AND INACTIVITY
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home, then harmswould only exceed benefits beyond 3.5 h of cy-
cling per day. Further direct evidence comes from the Shanghai
Women’s Health Study (1997–2004), in which bicycle commut-
ing was associated with a decreased risk of all-cause mortality,
and walking to work showed a strong trend in that direction.

Numerous cross-sectional studies have shown a link be-
tween active transportation and adiposity. A cross-sectional
study on 10,878 participants in the Atlanta, GA, area reported
significant associations between the built environment, time
spent in automobiles, and obesity (78). For each additional
hour per day spent in a car, there was a 6% greater risk of obe-
sity; conversely, for each additional kilometer walked per day,
there was a 4.8% lower risk of obesity. Large differences exist
in the percent of trips taken by car, public transit, bicycle, and
foot in developed countries. A study of 17 countries in Europe,
North America, and Australia found an inverse relationship
between percent of trips by active transportation and obesity.
Countries where a high percentage of trips were taken by
walking, cycling, and public transit enjoyed obesity rates that
were less than one-half that of countries where the vast major-
ity of trips were taken by private automobiles (7). In fact, the
percentage of trips taken by active travel modes is inversely re-
lated obesity, at the city, state, and country level (2). A recent
study in the U.K. showed that those who cycle or (cycle and
walk) for transportation have a BMI that is approximately
1.6 kg�m−2 less than those who drive (79). A review article an-
alyzed 30 studies on active transportation and bodyweight (from
Europe, North America, Australia, New Zealand, etc.) and
concluded that active transportation is clearly associated with
a lower body weight (80).

Prospective, observational studies also support a link be-
tween active commuting and adiposity. In a study of 4741
Chinese adults (20–55 yr of age), men who acquired a motor-
ized vehicle between 1989 and 1997 had a 1.8-kg greater weight
gain and were twice as likely to become obese, compared with
those whose vehicle ownership did not change (1). Similarly, a
U.K. Biobank study examined 5861 individuals 40–69 yr of age
at two time points at least 2 yr apart. The researchers found that
those who transitioned from car commuting at baseline to active
commuting had a change in BMI of −0.30 kg�m−2, and those
who went from active commuting to cars had an change in
BMI of +0.32 kg�m−2 (81).

Few randomized controlled trials have examined the role of
active transportation on health variables. Quist et al. (82) re-
cruited 130 Danish young adults who were physically inactive
and overweight or obese. They were randomized into four
groups: sedentary control (CON), active commuting (BIKE),
moderate-intensity exercise at 50% V̇O2peak (MOD), and
vigorous-intensity exercise at 70% V̇O2peak (VIG). After
6 months, fat mass was significantly lower in BIKE (4.2 kg,
P < 0.001), MOD (−2.6 kg; P < 0.02), and VIG (−4.5 kg,
P < 0.001), compared with CON. Meaningful fat losses were
achieved after 6 months of active commuting and leisure-time
exercise, but fat loss was greater with vigorous exercise. The au-
thors concluded that active commuting is a suitable alternative
to formal exercise programs. More randomized controlled trials
Medicine & Science in Sports & Exercise® 1175
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FIGURE 5—Electric bicycles such as pedal-assisted e-bikes (also known
as a pedelecs) could be part of the solution for health problems caused
by climate change, pollution, and physical inactivity. Photo credit:
Halfpoint/iStock via Getty Images.
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are needed that conclusively demonstrate the health benefits of
active transportation.

Health impact assessments use modeling approaches to pre-
dict the benefits of active travel, if it were widely adopted. In a
recent systematic review of the literature, the authors analyzed
30 studies that conducted health impact assessments of a modal
shift toward active transportation (83). Active transportation
had substantial health benefits overall. The positive effects of
increased physical activity strongly outweighed the negative ef-
fects of traffic-induced injuries and exposure to air pollution, in
all but the most extreme smog-laden environments.

SUMMARY AND CONCLUSIONS

Active transportation is an important mitigation strategy for
reducing GHG emissions, in an effort to attenuate the rise in
global warming. The United States could reduce its carbon
emissions in the transportation sector by decreasing reliance
onmotorized transport. There are large gains to bemade in pop-
ulation health, if governments embrace active transportation as
an integral part of the nation’s overall transportation plan (along
with planes, trains, boats, automobiles, trucks, and buses). In-
vestment in pedestrian and bicycle infrastructure, education of
drivers on safe practices around nonmotorized travelers, and
1176 Official Journal of the American College of Sports Medicine
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policies that encourage walking and cycling for short trips are
all part of the solution (84–86). Investments in public trans-
portation (4) and effective community design (87) can fur-
ther reduce energy demands from the transportation sector,
by encouraging multimodal trips that involve walking and
cycling. Electric pedal-assist bikes can make cycling acces-
sible to more people by reducing effort while still providing
health-enhancing physical activity (88) (Fig. 5). All of these
active transportation modes decrease air pollution that
causes lung diseases (33,35), while mitigating global cli-
mate change that results in excess mortality, due to extreme
weather conditions (20).

In the United States, only 14% of trips were taken by walk-
ing, cycling, and public transit in 2009–2012, but in some
European nations, roughly half of trips were taken by active
transportation (89). People who actively commute are leaner,
fitter, and have fewer health problems like obesity, diabetes,
and CVD (70–72,75). This is not only true at the individual
level, but cities, states, and countries where active transporta-
tion is common enjoy lower rates of chronic diseases like obe-
sity and diabetes (7,53). Active transportation uses human
power derived from metabolism. This reduces carbon emis-
sions and air pollutants derived from burning of fossil fuels.
Active transportation also encourages environmental sustain-
ability (90) and social equality (91). Thus, it promotes the
United Nation’s 2016 Sustainable Development Goals (92)
and highlights the importance of far-reaching effects of urban-
ization and societal transitions occurring across the globe.

Active transportation is an important part of the solution to
the public health challenges of the 21st century that result from
global climate change, air pollution, and physical inactivity.
Individuals working within the exercise science and physical
activity fields can partner with environmental, public health,
and transportation policy and planning groups working to pro-
mote walking, cycling, and public transit.
Thiswork was not funded by any outside sources, including compa-
nies, manufacturers, or external agencies.
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sented clearly, honestly, and without fabrication, falsification, or inap-
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