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Featured Application: Outdoor air quality of environments used for exercise and sports practice
has been a concern for researchers for about 50 years, increasing from 2009 onward, mainly pro-
duced by researchers from institutions in the US and China, with focus on subjects related to
human health.

Abstract: Thus, far, in the Environmental Science field, there appears to be only one previous
bibliometric analysis of scientific production with regard to exercise and sports practice, performed
in indoor environments. This study investigates and analyzes scientific production related to outdoor
air quality of environments that are used for exercise and sports practice through a bibliometric
analysis. Five databases were searched in March 2020. A bibliometric analysis was performed for
authors, institutions and countries, in relation to publication year, language, citations, theme, and
analysis of publication keywords. Of the 2401 screened studies, 106 satisfied the inclusion criteria.
The first work was published in 1967. A high number of studies (85.8%) were published after 2008.
The United States (US) accounted for most of the performed studies, followed by China. The author
keywords associated with the words “pollutants”, “human health”, and “exercise/sports” were the
most commonly used. A total of 59 journals had been published on this subject, and most of these
were in the area of medicine. It was observed that most of this scientific production was developed
by researchers from institutions in the US and China. The publications focused on pollutants and
subjects related to human health and sports.

Keywords: bibliometrics; air pollution; air pollutants; environmental pollution; health

1. Introduction

Air pollution represents a serious risk to human health, and the effects of exposure to
pollution have been investigated in a variety of circumstances [1-3], mainly with regard
to cardiovascular and respiratory health [4,5]. Along with pollution, physical inactivity
is one of the major risk factors for population morbidity and mortality [6], and it is the
fourth risk factor for overall mortality [7]. It is estimated that 23% of the population (one
in four adults) does not follow recommendations regarding weekly physical activity, thus
being characterized as insufficiently active [7]. The practice of regular physical exercise
has shown positive results for several aspects of human health [8-10]; the most common
recommendation advises that individuals should accomplish 150 minutes of moderately
intensive physical activity per week [11].

Researchers’ interest in the relationship between pollution and physical activity has in-
creased due the contrast between the benefits promoted by exercise and the potential risks
to human health that are associated with such practices in unhealthy environments [12,13].
Exercise causes physiological changes in the human body; these changes include increased
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ventilation and airflow velocity, inhalation of air through the mouth (and not through the
nasal mechanisms), and changes in lung diffusion capacity [14]. These changes may facili-
tate the transport of greater amounts of pollutants into the deeper parts of the respiratory
system, thus increasing the risks to health. Thus, the importance of studies on air pollution
and its implications for exercise and sports—especially in outdoor environments, where
the practitioner’s exposure to pollutants and the risks to health are greater [15]—is evident.

Air pollution can discourage people from engaging in exercise and outdoor sports
because human exposure to pollution is related to increased blood pressure [15-17], de-
creased lung function, respiratory symptoms [18,19], and reduced ability to exercise and
maintain optimum performance [20].

It is important to gain a comprehensive understanding of the scientific production
of outdoor air quality of environments used for exercise and sports practice; this could
help researchers understand the evolutions, trends, and emerging themes in this research
field. In this way, it could help researchers to point out knowledge gaps in the field. From
a quantitative perspective, bibliometric analyses offer an overview of research areas [21],
thus contributing to the development of future studies.

We are aware of only one previous bibliometric analysis of scientific production re-
lated to physical exercise and sports practice in the Environmental Science field; however,
this analysis was related to exercise and sports practice performed in indoor environ-
ments [22]. Our hypothesis is that there would be more studies regarding the use of
outdoor environments for such activities than indoor environments.

Therefore, the aim of this study was to investigate and analyze scientific production
related to outdoor air quality of environments used for exercise and sports practice by
using a bibliometric analysis. We performed an analysis of relevant publications, authors,
and journals.

2. Materials and Methods

This bibliometric analysis was based on the work of Andrade et al. [22] and Coim-
bra et al. [23].

2.1. Search Strategy

The search for studies was performed using the following electronic databases: SCO-
PUS, Scientific Electronic Library Online (SciELO), SPORTDiscus, Medical Literature Analy-
sis and Retrieval System Online (MEDLINE) via PubMed, and Science Direct. We searched
these databases using a sample period beginning with their inception and ending in 17
March 2020. The search terms used in the databases were {“air pollution” OR “air pollu-
tants” OR “air quality”} AND {“physical exercise” OR “physical activity” OR “sport”}. The
integrated search was conducted in the field of title, abstract, and subject of each database.

2.2. Eligibility Criteria

We included (i) original articles; (ii) articles investigating outdoor air quality in en-
vironments used for exercise and sports practice; and (iii) full texts published in English.
There were no restrictions on the date of publication. We excluded (i) review articles;
(ii) articles investigating indoor air quality; and (iii) published papers with only English
abstracts that lacked full texts in English.

2.3. Data Extraction

The authors independently extracted data from all included studies. We created
categories for the bibliometric analysis and discussion. Analyses were carried out using the
publication information of the articles, including the year and language of the publication,
number of citations in the Web of Science (WoS, Web of Science Group, Clarivate Analytics,
Philadelphia, Pennsylvania, USA) (total and average per year), number of citations in all
the databases, and number of instances of use in WoS. The length of the study (number
of pages), title length (number of words), and the numbers of tables, figures, keywords,
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and references were also analyzed as bibliometric data. In addition to these data, the study
financing analysis was performed by identifying funding agencies and their countries,
which were reported in the articles. To deepen the analysis of the main themes addressed in
the studies, a survey of the keywords cited by the authors was carried out, and categories
were created, which were further sub-categorized into clusters and used to describe the
associations between words, with a view to identifying those that were more influential
and important. We investigated the main pollutants and the exercise context according to
the locations where the studies were carried out, such as sporting events, physical activity,
sports in general, physical activity during transport, exercise, and others.

The relationships between the authors were also verified by analyzing the number
of authors involved, the number of institutions, and the country. Based on these data, we
identified the authors who had published the highest number of works on the topic, their
respective collaboration networks, and the period of influence of publications. Data related
to the journals’ impact factors, country, and area were also analyzed. The impact factor (in
2018) and the journal area were obtained through WoS and SCImago sites, respectively.

2.4. Statistical Analysis

Data analysis was conducted using “IBM Statistical Package for the Social Sciences’
(SPSS) version 20.0. To compare studies published until 2008 and studies published after
2008, we performed independent t-tests and the Mann-Whitney U test in order to obtain
the comparison of means regarding the impact factor, the number of citations in WoS, usage
count, the number of authors, institutions and countries, length of study and title, and the
numbers of tables, figures, keywords, and references. The significance level was defined as
p < 0.05 for all the tests.

7

3. Results

Our search identified 2401 articles, of which the full texts for 170 were reviewed, and
106 met the inclusion criteria. A flowchart of the study selection process is reported in
Figure 1.

3.1. Publications

The first publication about the topic occurred in 1967 (Figure 2). The study analysis
showed that there was an increase in publications on this subject beginning in 2009; in the
last decade, 83 studies were published, and these corresponded to 78.3% of publications.
The year with the highest number of publications was 2013 (13 studies). All the studies
included in the present study’s sample were published in the English language, except one
published in Portuguese.

The quantitative analysis of the number of title words, keywords, tables, figures,
pages, and references can also be carried out through bibliometric studies [24,25], though
this depends on the potential of these results to allow analyses of the scope and depth.

The number of words in the title ranged from six (6) to 34 (median of 14). Relevant
keywords started to appear in the studies only from 1994 onward, and in the last few years,
the number of keywords was between four and eight. The number of pages ranged from
four to 204 (median of 9).

The total number of citations to the published articles was 2,391, with an average of
22.55 (min.0; max.418) citations per document (Table 1). The usage count is a measure
provided by WoS; it measures interest in a platform-specific item. This information reflects
the number of times an article has met the user’s information needs, and it is updated daily.
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Figure 1. PRISMA flow diagram illustrating the literature research and selection process.
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Figure 2. Distribution of the number of publications per decade.
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Table 1. Length of title, keywords, and number of tables, figures, and pages of studies about outdoor
air quality of environments used for exercise and sports practice.

Mean Median Minimum Maximum
Length of title 15.12 14 6 34
Number of keywords 5.13 5 0 11
Number of tables 3.07 3 0 9
Number of figures 3.77 3 0 30
Number of References 41.39 39 5 149
Length (pages) 11.942 9 4 204
Number of citations WoS 22.70 7 0 418
Number of citations WoS by year 2.68 1.33 0 24.59
Citations in all databases 24.17 7 0 427
Usage Count 28.57 19 0 243

Among the 106 publications, the most cited was the study by McConnell et al. pub-
lished in 2002 in the Lancet and presenting 462 citations in the main collection of WoS;
this publication also presented the highest average citations per year (24.3) in WoS [26].
This study aimed to evaluate the association between participating in sports teams and
the subsequent development of asthma in children. In the study, concentrations of PMjj,
PM ; 5, O3, and NO, were monitored. The ten selected studies with the highest amount of
citations in WoS are presented in Table 2.

The studies used 411 keywords in total. Most of the studies cited five keywords (min.3;
max.11). Figure 3 shows the keywords that were used in at least three studies. The larger
size of the source indicates that more studies cited the specific keyword, and the smallest
source indicates that the smallest number of studies cited the specific keyword. The
most cited keywords were air pollution (20 studies), physical activity (15), and particulate

matter (11).

RAFFIG-RELATED AIR POLLUTION

PM2. 5PHY3|BA|. A[:TlVlT

AIR POLLUTION

20N PARTICULATE MATTER "*™**

VEHIGLE EMISSIONS

EXERCISE ﬂl_YM PICS sLack careon

Figure 3. Keywords used in published studies.

The categorization of the keywords into clusters was performed in accordance with the
work of Andrade et al. [22]. Most of the keywords were related to pollutants (85), human
health (58), and exercise/sports (50). Figure 4 shows the keyword categories, number of
related keywords, and examples of words.
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Table 2. Publications with the highest number of citations in WoS.

Title

Journal

Author/Year of Publication

Wos Citations/Average by

Year

Pollutants Investigated

Exercise/Sport Context

Asthma in exercising children exposed to
ozone: a cohort study

Quantifying the air pollutants emission
reduction during the 2008 Olympic Games
in Beijing
The health risks and benefits of cycling in

urban environments compared with car use:

health impact assessment study
Association Between Changes in Air
Pollution Levels During the Beijing
Olympics and Biomarkers of Inflammation
and Thrombosis in Healthy Young Adults
Exposure to particulate matter in traffic: A
comparison of cyclists and car passengers
Atmospheric Particulate MatterPollution
during the 2008 Beijing Olympics
Assessment of traffic-related air pollution in
the urban streets before and during the 2008
Beijing Olympic Games traffic control period
Healthy neighborhoods: Walkability and air
pollution
Subclinical responses in healthy cyclists
briefly exposed to traffic-related air
pollution: An intervention study

Oxidant Air Pollution and Athletic
Performance

Lancet

Environmental
Science & Technology

British Medical
Journal

Journal of the
American Medical
Association

Atmospheric
Environment
Environmental
Science & Technology

Atmospheric
Environment

Environmental Health
Perspectives

Environmental Health

Journal of the
American Medical
Association

McConnell et al. (2002) [26]

Wang et al. (2010) [27]

Rojas-Rueda et al. (2011) [28]

Rich et al. (2012) [29]
Panis et al. (2010) [30]
Wang et al. (2009) [31]

Wang and Xie (2009) [32]

Marshall et al. (2009) [33]

Jacobs et al. (2010) [34]

Wayne et al. (1967) [35]

462 / 24.32

215/ 19.55

203 / 20.30

195 / 21.67

185 / 16.82

113/9.42

97/8.08

97 / 8.08

87 /791

79/ 1.46

PMyg, PMy 5, O3, NO,

SOQ, NOX, PMlO/
NMVOC

PM; 5

PMZ.S/ SOZ/ NOZ/ CO/ 03

PNC, PM2.5 and PM10

PMyo, PM 55, PM 2 5.19

PM;jy, CO, NO,, O3

NO, Os

PM;, PM, 5, UFP

CcO

Sports

The 2008 Olympic Games

Transport—cyclism

The 2008 Olympic Games

Transport—cyclism
The 2008 Olympic Games
The 2008 Olympic Games

Physical activity

Transport - cyclism

Sport - Running
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Figure 4. Categories of Keywords.

Regarding the exercise context, most studies were performed during sporting events
(39), mainly related to the 2008 Olympic Games in Beijing, China. This was followed by
physical activity (22), sports in general (22) such as football and cycling, physical activity
during transport (10), exercise (11), physical education classes, and physical fitness tests.

The main pollutants investigated were particulate matter with an aerodynamic di-
ameter smaller than 10 (PM;g) and PM; 5, with 43 and 45 studies, respectively. Nitrogen
dioxide (NO;) was investigated in 34 studies, followed by ozone (O3) in 29 studies, CO (23),
SO, (19), black carbon (17), comfort parameters such as temperature (13) and humidity (8),
NOx (5), benzene, PM;, PM not specified, and wind speed in 3 studies each. The benzene,
toluene, ethylbenzene and xylene (BTEX) and air were analyzed in two studies. Air quality
index was analyzed in three studies, and the number of measured parameters ranged from
one to eight.

It was observed that 74 (69.8%) studies reported at least one funding agency, while
32 (30.2%) did not present any. Among the studies that presented financing information,
39 (36.7%) presented a financing agency, 15 (14.1%) presented two, ten (9.4%) had three
agencies, and ten (9.4%) presented more than three agencies (Figure 5).
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Funding

B With Funding ®Without Funding

Number of Funding Agency

m One fonding agency
o Three funding agency
m Two funding agency
Mdore than three funding agency

Figure 5. Funding of publications.

Among the 74 funded studies, 96 different funding agencies were reported. The
National Natural Science Foundation of China was the agency that funded the largest
number of studies, funding eleven studies in total (Table 3). The funding agencies had their
headquarters in 17 countries. China and the United States (US) were the countries with the
largest number of funding agencies, with 35 and 20 agencies, respectively.

Table 3. The main funding agencies of studies.

Funding Agency Countries Number of Studies Funded
National Natural Science Foundation of China China 11
Brazilian National Council for Scientific and Brazil 5
Technological Development
Beijing Council of Science and Technology China 3
Chinese Academy of Sciences China 3
German Research Foundation (DFG) Germany 3
National Basic Research Program of China China 3
Sao Paulo Research Foundation Brazil 3
Belgian science policy under the Science for Beleium 5
Sustainable Development program &
The National Institute of Environmental Health United
Sciences States
Health Canada Canada 2
Universidad de Los Andes Colombia 2

Studies that were published before 2008 had a higher usage count in WoS (p < 0.01).
More recently, the studies began to feature a greater number of authors, institutions
(p <0.01), and countries (p = 0.017), as well as longer study lengths in terms of pages
(p < 0.01) and titles (p = 0.042) (Table 4).
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Table 4. Comparison of the averages of the studies published until 2008 and studies published
after 2008 (journal impact factor, number of citations in WoS and usage count, the numbers of
authors, institutions, and countries, study length and title, and numbers of tables, figures, keywords,

and references).

Until 2008 After 2008
Study Characteristics p
n =15 (14.2%) n =91 (85.8%)

Journal impact factor 8.95 4.38 0.145
Citations in WoS 42.80 19.22 0.446
Citations in WoS/year 2.31 2.71 0.149
Usage count WoS ** 7.85 31.75 <0.01
N. of Authors ** 3.93 6.86 <0.01
N. of Institutions ** 1.87 3.68 <0.01
N. of countries * 1.13 1.76 0.017
Length of study (pages) ** 7.67 12.65 <0.01
Length of title * 13.26 15.43 0.042
N. of Tables 2.80 3.11 0.284
N. of Figures 2.93 391 0.231
N. of Keywords 4.37 5.22 0.118
N. of References ** 22.60 44.48 <0.01

* Significant difference at p < 0.05. ** Significant difference at p < 0.01.

3.2. The Authors

Out of the 559 different authors of the selected studies, the most published were Mark
J. Nieuwenhuijsen and Audrey de Nazelle; they had ten and nine studies, respectively.
However, most of the researchers (489) had authored only one study. The number of
publications per author ranged from 1 to 6, as shown in Figure 6.
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Figure 6. Number of publications by authors who had published studies about the topic.
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The outdoor air quality of environments used for physical exercise and sports is a
subject that has been investigated in several countries around the world. Most of the
studies were carried out by researchers from institutions in the US (35), China (35), the
United Kingdom (12), and Spain (12). The number of origin countries for the institutions
per study ranged from one to five. Most of the studies (63/59.4%) were published by
authors from institutions headquartered in only one country; however, some studies had
authors with institutional affiliations in at least two countries (43/40.5%).

Researchers from institutions in 32 countries participated in publications on the sub-
ject. It was also observed that, in terms of global geographical distribution, publications
on outdoor air quality of environments used for exercise and sports practice were pre-
dominant in European countries (present in 56 studies). Figure 7 shows the worldwide
geographical distribution of publications on the subject, considering country, continent,
and the main institutions.

P Countries
NORTH ‘., o= Continents
HIFIE Institutions

AMERICA: 43

9
ﬁUROPE: 66 5

Flom; Institute

for Technolofical
Research (3)

Columbia
Univers

ni
Minn (6) Centre for Resea
n of Environmental
Southern Call ia (3R Epidemiology (6

Universitat Poth§
Fabra (

CENTRAL
AMERICA: 1 N
Universidad
de los Andes (3) Indian Institute ¢
of Tropical >
Meteorology (3) 4 “
v\ @
SOUTH "
Australia: 6
AMERICA: 10
—— OCEANIA:6 5 d;b’
o
Switzerland:3  Taiwan: 2 Austria: 1 Colombia: 1 Korea: 1 Czech Republic: 1 Denmark: 1 Finland: 1 Monaco: 1
France: 2 Iran: 1 Japan: 1 Malaysia: 1 Mexico: 1 Poland: 1 Portugal: 2 South Africa:1 ~ HongKong: 1

Figure 7. Global geographical distribution of publications: number of publications by continent and country, and institutions
with the highest number of publications.

3.3. Journals

We observed 59 different scientific journals that published studies on the subject. The
journal with the most publications was Atmospheric Environment (11). The impact factor
of the journals ranged from 0.12 to 51.27, and only five journals did not present any impact
factor (Table 5).
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Table 5. The number of publications, impact factor, and country and area of the journals.

Number of Country of
Publications Journals FI Journals Journal Area
11 Atmospheric Environment 4.01 Netherlands Environmental SC1er}C€, Earth and
Planetary Sciences
8 Science of the Total Environment 5.58 Netherlands Environmental Science
5 Environmental Science & 714 EUA Chemistry, Env1ronr.n.enta1 Sciences
Technology and Medicine
4 Env1r0nmente.11 Health 7.73 EUA Environmental Science, Medicine
Perspectives
4 Environment International 7.94 Umted Environmental Science
Kingdom
Biochemistry, Genetics and
4 Environmental Research 5.02 EUA Molecular Biology, Environmental
Science
3 Aerosol and Air Quality Research 2.73 Taiwan Environmental Science
3 Environmental Health 443 - Environmental Science
3 Archives of Environmental Health - EUA Environmental Science
3 Journal of Occupational and 1.59 EUA Medicine
Environmental Medicine
3 Medicine & Sc1en.ce in Sports & 4.47 EUA Health Professions, Medicine
Exercise
International Journal of
3 Environmental Research and 2.46 Switzerland Environmental Science
Public Health
Agricultural and Biological Sciences
Biochemistry, Genetics and
3 PLoS ONE 2.77 EUA .
Molecular Biology
Medicine
United Environmental Science
2 Inhalation Toxicology 1.73 ) Pharmacology, Toxicology and
Kingdom .
Pharmaceutics
International Journal of Behavioral United Health PI‘.O fessmns
2 L . .. 6.03 . Medicine
Nutrition and Physical Activity Kingdom .
Nursing
5 Journal of the Ar.ne.rlcan Medical 5107 EUA Medicine
Association
. 0.128 until .
1 43 journals 51.07 7 countries -

IF: Impact Factor (year 2018)

4. Discussion

We aimed to investigate and analyze the international scientific production related to
the air quality in outdoor environments used for exercise and sports practice by using a
bibliometric analysis. The bibliometric data analyzed were related to publications, authors,
and journals.

4.1. Publications

Regarding publications, it was observed that growth in terms of number and frequency
began from 2009 onward. More than 85% of the scientific production on the subject was
published in recent years (2009-2020). The increased production of pollution-related
knowledge is well reported in the literature [36]. Compared to the scientific production on
indoor air quality of environments used for exercise and sports practice [22], there were
larger numbers of studies analyzing the outdoor environment, as presented in our results.

The first such published study investigated the effect of air oxidation on the athletic
performance of 21 runners in Los Angeles in the US [35]. This study is among the ten most
cited in WoS from among the selected studies (79 citations). The study with the highest
number of citations was developed by McConnell et al. [26]; the authors investigated the
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effects of physical exercise in children with asthma who were exposed to ozone. This
demonstrates the relevance and importance of the topic for researchers concerned with
this subject area. However, the study by McConnell et al. obtained a small usage count
in WoS [27]. Regarding this metric, a study that showed a high level of interest and met
the information needs of the users was published by Wang et al. [27]; this study analyzed
the reduction of air pollutant emission during the Beijing Olympics. The growing concern
about the impact of pollution on the environment, which has even caused political tensions
between several countries, shows that researchers from different areas are interested in this
subject. This may have contributed to user interest in this paper. In addition, the Olympic
Games were mega events with global relevance, and this explains the high level of interest
shown by WoS users.

The keyword analysis used in the studies was mainly related to pollutants; this result
is an outcome of the findings of the study developed by Andrade et al., which was carried
out indoors [22]. Particulate material (PM;y and PM,5), ozone, and black carbon were
among the most cited pollutants. On the other hand, in contrast to the findings of the indoor
environment studies, the present study showed that several keywords related to human
health, such as blood pressure, lung function, and heart rate variability, were investigated
in the selected studies. The relationship between air pollution and human health was also
evidenced in the most cited publications, in which health risks, health benefits, asthma,
and inflammatory biomarkers were investigated.

The size of the study, which was measured in pages, was higher in the most recent
publications (2009-2020) compared to previous ones. There is a positive association be-
tween article length and citations, since this length may be related to greater scientific
complexity and higher methodological quality. In addition, larger articles tended to contain
more information, which, in turn, increased the possibility of some of the material being
cited [37]. Our findings corroborate this information; the highest mean number of WoS
citations per year in terms of studies published occurred in the last decade. The number of
references cited was also higher in these studies, a fact that may be related to the greater
amount of works available in the literature and the non-establishment of reference limits
by the journals.

4.2. Authors, Institutions, and Countries

According to the study by Li et al., the US and China were the countries with the largest
number of publications on air pollution [21]. This field of research is characterized by a
high degree of international cooperation [21]; our results show that more than 40% of the
studies were published by authors from institutions in at least two countries. Specifically,
the US and China presented this characteristic in the vast majority of their publications.
Here, we would like to highlight the study by Cole-Hunter et al., which attracted the
participation of 10 authors from institutions in five countries (Spain, Canada, Switzerland,
the US, and England) [38].

The number of authors and institutions per study was significantly higher in more
recently publications (after 2008) compared to the previous period; this may have occurred
due to the increase in collaborative research networks. The increase in the number of
authors has also been reported in studies in other areas [39,40].

The institutions with the largest number of funded studies belonged to the State
Council of China. Such institutions, such as the National Natural Science Foundation
of China, seek to promote and fund basic and applied research in China. Studies have
shown a difference in the impact (number of citations) of funded studies compared to those
without funding [41,42]. However, the present study did not identify any such differences.

The main collaboration network was established by the researchers Audrey de Nazelle
and Mark ] Nieuwenhuijsen, who authored the largest number of publications in this analy-
sis, representing a network involving more than 20 co-authors. The joint affiliation of these
was the Center for Research in Environmental Epidemiology (CREAL) in Barcelona, Spain.
Authors’ participation in research groups and international collaboration networks allows
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for increased productivity and improved research quality [43]. Above all, international
collaboration for research on the issue of outdoor air pollution, which is a public health
concern, is necessary [44]. Peking University was the institution with the largest number of
publications on the subject; one of the oldest universities in China, it has a robust history of
scientific research.

Europe proved to be a more productive continent in terms of rankings related to
environmental concerns, as this is a noted domain for most European countries [45].
In addition, studies involving European institutions tended to have funding, and this
promoted research.

While analyzing the scientific production relevant to this study’s selected subject, it
was noted that researchers from China were highly productive, and they showed high
interest in the subject due to the alarming levels of pollution observed at the venue of the
Olympic Games in 2008. However, even four years after the 2016 Olympic Games in Rio
de Janeiro, there were only three publications on the air quality in that city. For example,
the greatest attention was paid to water pollution in places where the sailing competitions
had taken place [45]. Institutions in South America presented only ten publications, and
nine of these were from Brazilian institutions.

4.3. Journals

In a bibliometric study of global pollution research between 2005 and 2014, Kolle
and Thyavanahalli highlighted that some journals (e.g., Atmospheric Environment, En-
vironmental Health Perspectives, and Science of the Total Environment) were the most
active, presenting a large number of publications [46]. A similar result was observed in
the study by Zell et al., which analyzed publications on air pollution between 1955 and
2006 [36]. Considering the published literature on outdoor pollution and respiratory health,
Environmental Health Perspectives was the most active journal [44]. In contrast to these
results, our results showed that these journals were among the five with the highest number
of published articles on air quality in outdoor sports and exercise. These journals play an
important role in disseminating scientific knowledge about air pollution.

Although a subject with a large number of publications (mainly in the Environmental
Sciences area), air pollution has also been a relevant topic for medical journals, most of
which are classified in the medical area according to the SCImago Journal & Country Rank.

4.4. Strengths and Limitations

Ours is the first study to assess research activity in the field of outdoor air pollution
with special emphasis on environments used for exercise and sports practice; we performed
24 analyses with regard to several characteristics of the publications. The study results
identified areas of research and exposed the concerns of scientists with regard to air pollu-
tion and environmental aspects; these are important factors that should be analyzed by
managers and government officials. Such analyses will facilitate the creation of public poli-
cies for preserving the environment and reducing the population’s exposure to respiratory
risks. Our study does not delve deeper into the analyses with respect to the methods and
results, so new reviews with this objective are suggested.

Search strategies are another issue that should be taken into consideration. Our
analysis used data from and about journals indexed in five major databases; however,
studies published in non-indexed journals may have been excluded from the analysis. This
is a limitation, especially with regard to journals published in countries such as China and
India, which present a strong concern for public health due to air pollution [44].

5. Conclusions

Our results, based on more than 20 analyses related to the publications, journals, and
authors, provide a quantitative perspective and overview of research about outdoor air
quality of environments used for exercise and sports practice.
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The analysis of outdoor air quality of environments used for exercise and sports prac-
tice has been a concern for researchers for about 50 years; however, interest in the subject
increased from 2009 onward, and the greatest number of publications were produced in
the last decade. It is observed that most of these publications were produced by researchers
from institutions in the US and China, and these two countries had the largest number of
funding agencies. The publications showed a focus on pollutants as well as subjects related
to human health, besides physical exercise, physical activity, and sports.

The bibliometric approaches allowed us to recognize that the most productive re-
searchers belong to European institutions and have demonstrated diverse institutional affili-
ations, which widens the network of collaboration and possibilities of research development.
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