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Abstract

Background: Air pollution in most countries exceeds the level s recommended by the World Health Organization, causing up
to one-third of deaths due to noncommunicable diseases. Fine particulate matter (PM,5) and black carbon (BC) from mobile
sources are the main contaminants.

Objective: Theaim of this study isto assess the relationship of exposure to air pollutants (PM,, 5 and BC) in microenvironments
according to respiratory health and physical activity in users traveling by different types of transportation in Bogota, Colombia.

Methods: A mixed methods study based on a convergent parallel design will be performed with workers and students. The
sample will include 350 healthy transport users traveling by different urban transportation modes in three main routesin Bogota.
The study is broken down into two components: (1) a descriptive qualitative component focused on assessing the individual
perception of air pollution using semistructured interviews; and (2) a cross-sectional study measuring the individual exposure to
PM,, 5 and BC using portableinstruments (Dust Trak and microAeth, respectively), pulmonary function by spirometry, and physica
activity with accelerometry. The analysis will include concurrent triangulation and logistic regression.

Results. Thefindingswill be useful for the conception, design, and decision-making processin the sectors of health and mobility
from public, academy, and private perspectives. This study includes personal measurements of PM,, 5 and BC during typical trips
in the city to assess the exposure to these contaminants in the major roadways in real time. The study further compares the
performance of two different lung teststo identify possible short-term respiratory effects. Asalimitation, the protocol will include
participants from different institutions in the city, which are not necessarily representative of al healthy populations in Bogota.
Inthissensg, it isnot possibleto draw causation conclusions. Moreover, aconvergent parallel design could be especially problematic
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concerning integration because such a design often lacks a clear plan for making a connection between the two sets of results,
which may not be well connected. Nevertheless, this study adopts a procedure for how to integrate qualitative and quantitative
datain theinterpretation of the resultsand amultilevel regression. Thetimethat participants must livein the city will be considered;
thiswill be controlled in the stratified analysis. Another limitation is the wide age range and working status of the participants.
Regional pollution levels and episodes (PM, 5) will be handled as confounding variables. The study is currently in the enrollment
phase of the participants. Measurements have been made on 300 participants. Pandemic conditions affected the study schedule;
however, the results are likely to be obtained by late 2022.

Conclusions: Thisstudy investigates the exposureto air pollutantsin microenvironmentsin Bogota, Colombia. To our knowledge,
thisisthe first mixed methods study focusing on PM, 5, BC, and respiratory health effectsin acity over 2 meters above sealevel.

This study will provide an integration of air pollution exposure variables and respiratory health effects in different

microenvironments.
International Registered Report Identifier (IRRID):
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Introduction

Since the end of the 1950s, the world has experienced an
exponential urban growth phenomenon [1]. The accelerated
growth of cities has had a positive impact on the quality of life
of citizensrelated to the supply of health, education, and work
services, among other aspects. However, the growth of cities
has also been accompanied by several emerging effects such as
stress, mobility issues, and exposureto environmenta pollutants
[1,2]. To address these difficulties, a considerable number of
cities worldwide have opted to promote citizens' use of active
transport such as walking and cycling, either aone or in
combination with public transit [3]. This strategy, in principle,
seems to be extraordinarily successful insofar as it promotes
decongestion of the roads, which leads to improved air quality
while promoting physical activity with benefitsto cardiovascular
health [4-7].

Studies have suggested that the health benefits of active transport
are substantially higher than the negative effects associated with
exposure to air pollution [8,9]. By contrast, other studies have
demonstrated that the effects of exposure to particulate matter
(PM) are considerable, particularly in the generation of
cardiovascular and respiratory pathologies in the healthy
population [10-20], which are especialy evident in children
under 5 yearsand adults over 65 yearsof age[21-24]. Numerous
studies have provided information on the effects of air pollution
on users of multiple modes of transport, including walking,
bicycle, vehicle, and public transportation [24-27]. These studies
grouped information from a considerable number of users of
different modes of transport in cities, mainly inthe United States
and Europe [24-27]. In contrast, some studies carried out in
L atin American cities have combined factors such as high rates
of urbanization [28,29], the quality of thefuel used in theregion
[30,31], and active transport strategies [22,32-36]. Although
such strategies are framed within an assumption of benefits
related to physical activity, the effects of these approaches on
exposure to air pollutants are not known.
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Inthelast decade, some studies performed in the city of Bogota,
Colombia, have provided important information regarding the
distribution of air pollutants in the city and the effects on
respiratory health in children and occupational exposureto PM
[37-41]. Neverthel ess, these studies suffer from somelimitations
in not considering the sample size, the major roadwaysinvolved,
and the measurement of air pollutants, among others [42,43].
It is important to highlight that the Secretaria Distrital de
Movilidad of Bogota hasimplemented a10-year plantoimprove
mobility in the city, including a strategy to promote
nonmotorized trips [44] and increase the number of bicycle
usersin the medium term. In this sense, thisstudy will constitute
a basdline to understand the relationship between exposure to
air pollutants in different microenvironments and the potential
short-term respiratory health effects on users.

The proposed study seeks to relate the exposure to fine
particulate matter (<2.5 microns; PM,, 5) and black carbon (BC)
with the respiratory health and physical activity of healthy users
who are mobilized in prioritized transportation
microenvironments in Bogota. The study has the following
objectives: (1) to estimate the changes in lung volumes and
respiratory symptoms of users according to the mode of
transportation; (2) to determine the concentrations of PM, 5 and
BC in the evaluated microenvironments; (3) to identify
relationships among the variabl es of exposure to environmental
pollutants, perception of air quality, and respiratory health in
study participants; (4) to assess participants’ perceptions of air
pollution in Bogota; and (5) to measure physical activity in
healthy volunteers.

Methods

Design

A mixed methods approach will be adopted using a convergent
parallel design. The development of the study includes two
phases: aphase of characterization of the population and afield
phase (Figure 1). The objectives and methodol ogies to be used
for the development of the study are summarized in Table 1.
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Figure 1. Diagram depicting the proposed process for measurement of the concentration of environmental pollutantsin the evaluated microenvironments.
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To describe the study participants’ perceptions of
air pollution in Bogota

To measure physical activity in healthy volunteers

To estimate the changesin lung volumes and respi-
ratory symptoms of users according to the mode of
transportation

To determinethe concentrations of PMo. 5b andBC°
in the evaluated microenvironments

To identify relationships among the variables of
exposure to environmental pollutants, perception

Quialitative (descriptive)

Quantitative (cross-sec-
tional)

Quantitative (cross-sec-
tional)

Quantitative (cross-sec-
tional)

Qualitative and quantita-
tive

Semistructured interview

Measurement of vital signs,
anthropometry, accelerometry

(METS?)

Symptom questionnaire and
spirometry

PM, 5 and BC levelsin red
time

Triangulation

Categorization and coding

Descriptive and bivariate

Descriptive and bivariate

Descriptive and bivariate

Triangulation

of air quality, and respiratory health in study partic-
ipants

3MET: metabolic equivalent of task.
bpm 2 5: fine particul ate matter.

®BC: black carbon.

Study Setting

Bogota, the capital of Colombia, islocated on the western slope
of the eastern Cordillera of the Colombian Andes. The urban
perimeter of Bogoté covers 37,945 hectares, which corresponds
t0 23.19% of the city. The average height of the urban perimeter
is over 2600 meters above sea level. The average temperature
is 14.4°C, with extreme values between —4°C and 25°C [45].
Bogota has approximately 7,150,000 inhabitants, 52.2% of the
population are women, with the majority aged between 16 and
50 years [46].

In 2006, Bogota implemented a 10-year plan that focused on
the promotion of active transport as part of the measures to
improve mobility [44]. In this context, the use of nonmotorized
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transport, especialy bicycles, has increased by 38%, from
611,000 tripsin 2011 to 846,000 trips in 2015 [47].

Sample Size and Sampling
A nonprobabilistic sampling approach will be carried out for

consecutive cases (comparing two means). A one-sided
hypothesis (Ha: A>B, Ho: A=B) will be tested as follows:

Ha: People exposed to higher level s of contamination
have wor se spirometry values.
Ho: People exposed to higher level s of contamination
have the same spirometry values.
For an a error of 5% and 3 error of 10%, power (1-3) of 90%,
and the one-sided hypothesis, the calculated K valueis8.6. The
minimum significant magnitude of the difference (u112) in
forced vital capacity (FVC) was set t0 0.28[48,49]. The standard
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deviation (o) in each group was calculated to be 1.2 [49].
Considering an estimated loss of 10%, the calculated sample
size was 350 participants.

Data Collection

This study will use questionnaires, semistructured interviews,
medical evaluations, and personal air quality measurements to
collect quantitative and qualitative data.

Phase One: Characterization Questionnaire

An invitation will be sent to all potential volunteers at
participating institutions. Government and educational entities
will be included in the study. A virtua questionnaire
(Multimedia Appendix 1) will be sent by mail to the participants.
The questionnaire will ask for individual informed consent and
will collect information on the sociodemographic and
transportation usage behavior of the study population, which
will further help the researchers to select potential participants
for the second phase. The target sample size for this phase was
estimated at 1200, which corresponds to 10% of the total
population (12,000) belonging to the study entities.

Phase Two: Field M easurements

A total of 350 participants will be selected from those
participating in phase one of the study. The selection of the

Malagon-Rojas et al

participants will be carried out by two researchers based on the
inclusion/exclusion  criteria.  Subsequently, preselected
participants will be contacted by phone. Participants will be
picked up at their residence in vans that will take them to the
initial point of the selected route. The mode of transport will
be chosen by the participant.

Inclusion and Exclusion Criteria

The study will include healthy men and women between 18 and
55 years old with aBM|I <30; who were residents of the urban
areaof Bogota inthelast 12 months; and are students or workers
that use a bicycle, public transport, Transmilenio, or a private
vehiclefrom 7 to 10 AM to get around the city. Users of public
transport or Transmilenio will be considered to use a mixed
mode of transport since walking or another mode of transport
is needed to get to the bus station. This information will be
considered in the analysis.

Three roads will be evaluated, which are representative of a
gradient in contamination: Quinto Centenario (high air quality),
Avenida Cali (moderate air quality), and Autopista Sur (poor
air quality) (Figure 2). These roads were chosen according to
thelevel of historical contamination based on the records of the
Air Quality Monitoring Network of Bogota (Red de Monitoreo
de Calidad del Aire de Bogota [RMCAB]).

Figure 2. Three roadsto be evaluated with a gradient of air quality from low to high.
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The study will exclude pregnant women; men and women with
achronic illness such as diabetes, asthma, chronic obstructive
pulmonary disease, stroke, acute myocardial infarction, or deep
vein thrombosis; and those with typical chest pain, fatigue, night
sweats, or dyspnea on exertion in the last 6 months. Smokers
or exsmokers who quit the habit within the past 12 months will
also not be considered for participation.

Participants Perception of Air Quality

From preestablished categories, semistructured guidelines will
be formulated, including 10 questions, following the
recommendations of DelJonckheere and Vaughn [50]. The
guideline will be probed in a pilot with 5 volunteers, one for
each transport mode. After traveling the route, participants will
undergo a semistructured interview with an approximate
duration of 30 minutes. All interviews will be conducted by
trained study investigators. The interviews will be transcribed
in Microsoft Word by one of the researchers. Interview
transcriptsand observation narrativeswill be coded thematically
by two researchers independently. An online platform for
qualitative content analysis (QCAmap) will be used [51] to
generate codes according to preestablished categories [52]
extracted from a literature review, including air quality
perception [53,54], health affectation related to air pollution
[55], and reasons for the use of transport modes [56].

Spirometry-Based Estimation of Changesin Lung
Volumes According to Mode of Transport

Spirometry testswill be performed and interpreted by atrained
respiratory therapist following the recommendations of the
Spanish Society of Pulmonology and Thoracic Surgery [57].
Spirometry will be performed before the start of the route and
2 hours after the end of the route [16]. The variables of the
spirometry will be captured in adatabase. A survey (Multimedia
Appendix 2) will aso be used to evaluate the presence of
respiratory symptoms after having completed the route [58].

Estimation of Physical Activity Level

Physical activity levels will be estimated with a three-axis
accel erometer (ActiGraph wGT3X-BT) using 60-second epochs
and a sampling rate of 30-100 Hz. The accelerometer will be
placed on the participant’s waist at the beginning of the travel
route and will be removed at the end of the route. For
participants traveling by bicycle, two accelerometers will be
used with one placed on the waist and the other placed around
theright ankle. Energy expenditure, measured as the metabolic
equivalent of task (MET), will be estimated using ActiGraph
software [59].

Anthropometric M easurements

Measurements of weight and height will be taken for each
participant according to the National Nutrition Situation Survey
in Colombia [60]. To guarantee the precision of weight and
height measurements, the same scale will be used throughout
the study.

Before starting the trip, heart rate and baseline blood pressure
will be measured using a digital tensiometer, according to the
recommendations from the European Society of Hypertension
Practice Guidelines for home blood pressure monitoring [61].

https://www.researchprotocol s.org/2022/1/e25690
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Concentration of Environmental Pollutantsin the
Evaluated Microenvironments

Measurements of PM,5; and BC will be taken aong the
participants’ routes. The duration of routes will consider the
time reported in the Mobility Survey of Bogota for 2019 [58].
To measure the PM,, 5 levels, a portable photometer (Dustrak
AMS520) will be used throughout the travel [62]. The photometer
will be in a backpack and the tube will be secured with aclip
next to the participant’s neck. In this sense, the measurement
of PM, s will most closely reflect the actual exposure level. To
ensure the quality of the measurements obtained by portable
photometers, calibration will be performed according to the
recommendations from Betancourt et al [62].

To determine the concentration of BC, a portabl e acthalometer
(MicroAeth AE51) will be used [63]. This measurement will
be performed in real time and in the same manner as described
for PM, s measurements. Before use, flow rate calibration of
the aethal ometer will be carried out following the manufacturer’s
instructions and the recommendations of Betancourt et al [62].

Deter mination of Potential Inhaled Dose

To estimate the potentia inhaled dose of PM,, 5, the following
variables will be considered: the concentration of PM,g
estimated for each mode of travel and roadway, the inhalation
rate dueto physical activity, and the exposure timeto pollution,
given in this case by the start and end time of each trip [62].
Three normalization factors will be used: dose per unit length,
dose per unit time, and total dose [62].

Data Analysis

Quantitative Analysis

A descriptive analysis will be carried out in R version 4.0.2 for
Windows. In the characterization of the sample, the qualitative
variables will be presented using absolute and relative
frequencies. For continuous variableswith anormal distribution,
themean and SD will be calculated; variablesthat do not present
a normal distribution will be described with the median and
25th to 75th percentiles.

The Student t test with two tails and a repeated-measures
analysisof variance will be applied according to the assumptions
of each test for comparing the means of transport, with statistical
significance determined at P<.05.

In addition to measuring exposure to air pollutants, the doses
of inhaled air pollutants will be estimated to consider the
differencesin ventilation during cycling compared to traveling
by car or bus. Theinhaled doseis calculated by multiplying the
concentrations of pollutants, ventilation per minute, and duration
of the trip, divided by the body surface area. Linear mixed
models will be performed on these data to analyze the effects
of the concentrations and the inhaled doses of contamination
of the air-related traffic on changesin lung function before and
after exposure. The model will adjust for potential confounders,
including age, gender, BMI, day of the week, time of
measurement, location, mode of transportation, and travel time.
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Qualitative Analysis

A content analysis will initially be carried out, segmented by
participants' characteristics (based on the mode of transport
used). Next, categorization, and open, axial, and selective coding
will be performed. From sel ective coding, attemptswill be made
to identify metaphorsto identify the perceptions of air pollution
[53-56].

Quantitative and Qualitative Results I ntegration

Since the study will be based on concurrent triangulation, in
which the qualitative and quantitative datawill be collected and
analyzed simultaneously, we expect to have two sets of results
that will be integrated into the overall interpretation for
comparisons, which can help to improve understanding of the
study problem.

Emergent categories from qualitative results will be compared
with quantitative results to identify the extent to which they
cornverge, diverge, or are related. Subsequently, the most
frequent emergent categories will be transformed into a set of
a categorical variable. These variables will be integrated into a
multilevel model.

Multilevel Model

Owing to the hierarchical nature of the associations estimated
in this study, an analysis of combined effectswill be performed
at various levels to adjust for the effect of exposure to air
pollution on other variables associated with heath. The
first-level results of the individual variables will be provided:
age, gender, travel mode, socioeconomic status, occupation,
physical activity, respiratory symptoms score, BMI, heart rate,
blood pressure, inhalation rate, FVC before and after travel,
coefficient of variation for forced expiratory volumein thefirst
second (FEV,) before and after travel, coefficient of variation
for forced midexpiratory flow (FEF,sy,.750), COefficient of
variation for small airway reactance (R5), and concentrations
of PM, s and BC[16]. Theindependent variableswill be gender,
age, occupation, place of study/work, socioeconomic status, air
quality perception, average concentrations of PM, s and BC,
inhaled dose, MET, and Tiffeneau index. A reduction in the
FEF 50,7505 OF @nincreasein the RS coefficient of variation will
be considered dependent variables. The microenvironment will
be considered as a random variable and will be operationally
defined by the combination of mode and route. Thus, there will
be four possible modes and three routes, which provide 12
possible microenvironment combinations [64], resulting in the
following level-1 model:

Yij=b0j+b1j Xlij+.......+bnj Xnij+eij,
where Yij is the dependent variable for participant i in unit j,
bnj is the coefficient of level 1, Xnij isthe explanatory variable

n for participant i in unit j, ij is the random effect of level 1
(which is distributed normally with a mean of 0 and variance

of 6.
Thelevel-2 model is expressed as:
bnj=gn0+gn1 W1j+....+gnp Wpj+un;,

where bnj is the dependent variable, gn0 and gnl are the
coefficients of level 1, gnp is the coefficient of level 2, Wpj is
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the explanatory variable of level 2, and unj isthe random effect
of level 2; uisdistributed in anorma multivalent manner with
mean 0 and amatrix of variances.

Ethical Consider ations

The study was approved by the technical and ethical committee
of the National Institute of Health (Instituto Nacional de Salud),
as evidenced by approval protocol humber 7, issued on April
4, 2019.

To ensure that participation will be voluntary, the invitation to
participate in the study will be made through employers or
faculties of the ingtitutions to which individuals are enrolled.
Consent will be obtained for each aspect of data collection as
described above.

Electronic data, including transcribed questionnaire and
interview responses, and data collected using portable devices
and medical testing will be stored on password-protected and
encrypted laptops.

Along with the questionnaire, medical evaluations and
interviewswill include collection of demographic and personal
data; this information will contain no participant identifiers.
Theresults from medical tests and air quality measureswill be
stored in a secure database. The data set will be analyzed only
after the data collection phase. No identifying data on patients
or participants will be collected.

Patient and Public I nvolvement

This protocol was jointly developed between public and
academic entities based on shared needs related to technical
information for the promotion of policiesthat improveair quality
in the city and reduce possible health effects. Some members
of the Mesa Técnica Ciudadana por la Calidad del Aire de
Bogota were consulted as representatives of the citizenship, and
their contributions were used to assign the participants to the
road routes. Participants may voluntarily decide to participate
in the study and may recommend participation in the study to
others. Once data collection and analysis are complete, the
results will be presented at academic events in addition to
sharing with all participating entities.

Results

Enrollment of participants has begun with a sample of 300
enrolled to date. The measures of inhal ed doses have been taken
along with air pollution measures. Data cleaning and
management are ongoing. Initial results based on primary
outcomes are expected to be disseminated by the end of 2022.
The results could provide information on the perceptions of
users with respect to the air quality to which they believe they
are exposed considering various modes of transportation.
Likewise, it is expected that the participants’ levels of physical
activity and respiratory parameters may differ according to the
different modes of transport, aswell aswith respect to variations
in the amounts of PM, s and BC inhaled when traveling on
routes with different levels of contamination, as established by
environmental monitoring. Thebivariate and logistic regression
models are expected to establish relationships between the
selected roadsfor the study and their characteristics at thelevels
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of physical activity, pollution, and health effects for each
microenvironment. These results should further provide a
broader view of the problem of air quality in an active city such
as Bogota.

Discussion

The objective of this study is to relate exposure to PM,, s and
BC with respiratory health and physical activity in a sample of
healthy users mobilized in prioritized transportation
microenvironments in Bogota. The results of this study will
allow us to establish a diagnosis of the effects of air pollution
on therespiratory health of usersof different modes of transport.

According to the report of the World Air Quality Index (1QAir
AirVisual), among the 62 most polluted citiesby PM,, 5, Bogoté

ranks in 44th position based on the 10 pg/m® standard
established by the World Health Organization [65]. Although
the RMCAB reports data of contaminants as daily means, it is
not possible to obtain a report of persona exposure in
microenvironments [66,67]. Thus, the RMCAB network is
inadequate for assessing personal exposure and cannot account
for the measurement of BC [66].

This project will enable establishment of the pollution
characteristics of PM, 5 and BC for some of the most important
roads in the city, complementing the data produced by the
RMCAB at the microenvironmenta level. Likewise, this project
will provide guidance to the health sector to focus actions for
the prevention of respiratory diseases in the areas surrounding
these roads, and will further guide the mobility sector in the
layout of cycling routes with consideration of possible health
impacts. Theinformation provided by the study will inform the
decision-makers: this study wasformulated with collaborations
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changes have not been reported in healthy populations living
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to define the number of semistructured interviews. This means
that there will not be an interview for each participant, which
can introduce bias in the multilevel mode.

The authors would like to thank the engineers Nicolas Cruz and Julian Diaz from the Secretaria Distrital de Movilidad of Bogota
for their support in the selection of the roads to be studied. We also thank Katalina Medina and Jhon Jairo Abella from the
Secretaria Distrital de Salud of Bogota, Cesar Orlando Diaz of Universidad Jorge Tadeo Lozano, and Juan Pablo Orjuela from
Mesa Técnica Ciudana por la Calidad del Aire de Bogota for contributions in sampling planning and data analysis. We extend
specia thanks to Professor David L Morgan from Portland State University for his comments and suggestions on the mixed
methods analysis and to Nicolhole Atero for elaboration of the map shown in Figure 2. Financial support for thiswork is provided
by COLCIENCIAS (project number 2010484467564 from call number 844 of 2019).

Authors Contributions

JMR developed the main idea and designed the protocol. The manuscript for the protocol was drafted by IMR, DPS, EP, YT,
and LL, and was reviewed by JIMR, DPS, EPR, YT, LHF, RM, SRM, DPS, ARC, and OS. All authors approved the publication
of the protocol.

Conflictsof I nterest
None declared.

Multimedia Appendix 1

Virtual questionnaire.
[PDEF File (Adobe PDF File), 232 KB-Multimedia Appendix 1]

https://www.researchprotocols.org/2022/1/e25690 JMIR Res Protoc 2022 | vol. 11 | iss. 1| €25690 | p. 7

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v11i1e25690_app1.pdf&filename=e0e916cffae1abb6c1e40623a6a0e45f.pdf
https://jmir.org/api/download?alt_name=resprot_v11i1e25690_app1.pdf&filename=e0e916cffae1abb6c1e40623a6a0e45f.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Malagon-Rojas et al

Multimedia Appendix 2

Semistructured interview.
[PDE File (Adobe PDF File), 32 KB-Multimedia Appendix 2]

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bertinelli L, Black D. Urbanization and growth. J Urban Econ 2004 Jul;56(1):80-96. [doi: 10.1016/].jue.2004.03.003]
Pino B, Iglesias V, Garreaud R, Cortés S, Canals M, Folch W, et al. Chile confrontsits environmental health future after
25 years of accelerated growth. Ann Glob Health 2015;81(3):354-367 [FREE Full text] [doi: 10.1016/j.a0gh.2015.06.008]
[Medline: 26615070]

Glazener A, Khreis H. Transforming our cities: best practices towards clean air and active transportation. Curr Environ
Health Rep 2019 Mar;6(1):22-37. [doi: 10.1007/s40572-019-0228-1] [Medline: 30701411]

Edwards RD, Mason CN. Spinning the wheels and rolling the dice: life-cycle risks and benefits of bicycle commuting in
the U.S. Prev Med 2014 Jul;64:8-13. [doi: 10.1016/j.ypmed.2014.03.015] [Medline: 24657549]

Grantved A, Koivula RW, Johansson |, Wennberg P, @stergaard L, Hallmans G, et al. Bicycling to work and primordial
prevention of cardiovascular risk: a cohort study among Swedish men and women. J Am Heart Assoc 2016 Oct
31;5(11):€004413 [FREE Full text] [doi: 10.1161/JAHA.116.004413] [Medline: 27799235]

Torres A, Sarmiento OL, Stauber C, Zarama R. The Ciclovia and Cicloruta programs. promising interventions to promote
physical activity and socia capital in Bogota, Colombia. Am J Public Health 2013 Feb;103(2):e23-e30. [doi:
10.2105/ajph.2012.301142]

Mueller N, Rojas-Rueda D, Cole-Hunter T, de Nazelle A, Dons E, Gerike R, et a. Health impact assessment of active
transportation: asystematic review. Prev Med 2015 Jul; 76:103-114. [doi: 10.1016/].ypmed.2015.04.010] [M edline: 25900805]
Doorley R, Pakrashi V, Ghosh B. Quantifying the health impacts of active travel: assessment of methodol ogies. Transport
Rev 2015 May 12;35(5):559-582. [doi: 10.1080/01441647.2015.1037378]

XiaT, Nitschke M, Zhang Y, Shah P, Crabb S, Hansen A. Traffic-related air pollution and health co-benefits of alternative
transport in Adelaide, South Australia. Environ Int 2015 Jan; 74:281-290. [doi: 10.1016/j.envint.2014.10.004] [Medline:
25454245]

Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P, Schouten LJ, et al. Long-term effects of traffic-related
air pollution on mortality in a Dutch cohort (NLCS-AIR study). Environ Health Perspect 2008 Feb;116(2):196-202 [FREE
Full text] [doi: 10.1289/ehp.10767] [Medline: 18288318]

GouveiaN, Junger WL, ESCALA investigators. Effects of air pollution on infant and children respiratory mortality in four
large Latin-American cities. Environ Pollut 2018 Jan;232:385-391. [doi: 10.1016/].envpol.2017.08.125] [Medline: 28966023]
GilesLV, Tebbutt SJ, Carlsten C, Koehle M S. The effect of low and high-intensity cycling in diesel exhaust on flow-mediated
dilation, circulating NOx, endothelin-1 and blood pressure. PL0oS One 2018;13(2):€0192419 [FREE Full text] [doi:
10.1371/journal .pone.0192419] [Medline: 29466393]

Pasqua L, Damasceno M, Cruz R, Matsuda M, GarciaMartins M, Lima-Silva A, et a. Exercising in air pollution: the
cleanest versus dirtiest cities challenge. Int J Environ Res Public Health 2018 Jul 17;15(7):1502 [FREE Full text] [doi:
10.3390/ijerph15071502] [Medline: 30018189]

Rodriguez-Villamizar LA, Rojas-Roa NY, Fernandez-Nifio JA. Short-term joint effects of ambient air pollutants on
emergency department visits for respiratory and circulatory diseases in Colombia, 2011-2014. Environ Pollut 2019
May;248:380-387. [doi: 10.1016/j.envpol.2019.02.028] [Medline: 30822740]

Newell K, Kartsonaki C, Lam KBH, Kurmi OP. Cardiorespiratory health effects of particulate ambient air pollution exposure
in low-income and middle-income countries: a systematic review and meta-analysis. Lancet Planet Health 2017
Dec;1(9):€368-€380 [FREE Full text] [doi: 10.1016/S2542-5196(17)30166-3] [Medline: 29851649]

Santos UP, GarciaMLSB, Braga ALF, PereiraLAA, Lin CA, de André PA, et a. Association between traffic air pollution
and reduced forced vital capacity: astudy using personal monitors for outdoor workers. PLoS One 2016;11(10):e0163225
[FREE Full text] [doi: 10.1371/journal.pone.0163225] [Medline: 27711222]

Chen R, Kan H, Chen B, Huang W, Bai Z, Song G, CAPES Collaborative Group. Association of particulate air pollution
with daily mortality: the China Air Pollution and Health Effects Study. Am J Epidemiol 2012 Jun 01;175(11):1173-1181.
[doi: 10.1093/aje/kwr425] [Medline: 22510278]

Huang J, Deng F, Wu S, Guo X. Comparisons of personal exposureto PM2.5 and CO by different commuting modesin
Beijing, China. Sci Total Environ 2012 May 15;425:52-59. [doi: 10.1016/].scitotenv.2012.03.007] [Medline: 22472140]
Freitas CUD, Leon APD, Junger W, Gouveia N. Air pollution and itsimpacts on health in Vitoria, Espirito Santo, Brazil.
Rev Salide Publica 2016;50:1-9. [doi: 10.1590/s1518-8787.2016050005909]

Shah ASV, Lee KK, McAllister DA, Hunter A, Nair H, Whiteley W, et al. Short term exposure to air pollution and stroke:
systematic review and meta-analysis. BMJ 2015 Mar 24;350:h1295 [FREE Full text] [doi: 10.1136/bmj.h1295] [Medline:
25810496]

https://www.researchprotocol s.org/2022/1/e25690 JMIR Res Protoc 2022 | vol. 11 | iss. 1| 25690 | p. 8

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=resprot_v11i1e25690_app2.pdf&filename=adb8f10aec5472fcd7674d9f850665c6.pdf
https://jmir.org/api/download?alt_name=resprot_v11i1e25690_app2.pdf&filename=adb8f10aec5472fcd7674d9f850665c6.pdf
http://dx.doi.org/10.1016/j.jue.2004.03.003
https://annalsofglobalhealth.org/articles/10.1016/j.aogh.2015.06.008
http://dx.doi.org/10.1016/j.aogh.2015.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26615070&dopt=Abstract
http://dx.doi.org/10.1007/s40572-019-0228-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30701411&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2014.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24657549&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/JAHA.116.004413?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1161/JAHA.116.004413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27799235&dopt=Abstract
http://dx.doi.org/10.2105/ajph.2012.301142
http://dx.doi.org/10.1016/j.ypmed.2015.04.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25900805&dopt=Abstract
http://dx.doi.org/10.1080/01441647.2015.1037378
http://dx.doi.org/10.1016/j.envint.2014.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25454245&dopt=Abstract
https://ehp.niehs.nih.gov/doi/10.1289/ehp.10767?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://ehp.niehs.nih.gov/doi/10.1289/ehp.10767?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1289/ehp.10767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18288318&dopt=Abstract
http://dx.doi.org/10.1016/j.envpol.2017.08.125
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28966023&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0192419
http://dx.doi.org/10.1371/journal.pone.0192419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29466393&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph15071502
http://dx.doi.org/10.3390/ijerph15071502
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30018189&dopt=Abstract
http://dx.doi.org/10.1016/j.envpol.2019.02.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30822740&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2542-5196(17)30166-3
http://dx.doi.org/10.1016/S2542-5196(17)30166-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29851649&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0163225
http://dx.doi.org/10.1371/journal.pone.0163225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27711222&dopt=Abstract
http://dx.doi.org/10.1093/aje/kwr425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22510278&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2012.03.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22472140&dopt=Abstract
http://dx.doi.org/10.1590/s1518-8787.2016050005909
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=25810496
http://dx.doi.org/10.1136/bmj.h1295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25810496&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Malagon-Rojas et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

Costa AF, Hoek G, Brunekreef B, Ponce de Leon AC. Air pollution and deaths among el derly residents of Sdo Paulo,
Brazil: an analysis of mortality displacement. Environ Health Perspect 2017 Mar;125(3):349-354 [FREE Full text] [doi:
10.1289/EHPI8] [Medline: 27713111]

Raysoni AU, Armijos RX, Weigel MM, Montoya T, Eschanique P, Racines M, et al. Assessment of indoor and outdoor
PM species at schools and residences in a high-altitude Ecuadorian urban center. Environ Pollut 2016 Jul;214:668-679
[EREE Full text] [doi: 10.1016/].envpol.2016.04.085] [Medline: 27149144]

ZudigaJ, TargiaM, HerreraV, UrriolaW, Gomez B, Motta J. Assessment of the Possible Association of Air Pollutants
PM 10, O3, NO2 With an Increase in Cardiovascular, Respiratory, and Diabetes Mortality in Panama City: A 2003 to 2013
DataAnaysis. Medicine (Baltimore) 2016 Jan;95(2):e2464. [doi: 10.1097/M D.0000000000002464] [Medline: 26765444]
Gerike R, de Nazelle A, Nieuwenhuijsen M, Panis LI, AnayaE, Avila-Palencial, PASTA Consortium. Physical Activity
through Sustainable Transport Approaches (PASTA): a study protocol for a multicentre project. BMJ Open 2016 Jan
07,6(1):e009924 [FREE Full text] [doi: 10.1136/bmjopen-2015-009924] [Medline: 26743706]

Zulauf N, Droge J, Klingelhéfer D, Braun M, Oremek GM, Groneberg DA. Indoor air pollution in cars: an update on novel
insights. Int JEnviron Res Public Health 2019 Jul 09;16(13):2441 [FREE Full text] [doi: 10.3390/ijerph16132441] [Medline:
31323996]

Gascon M, Gétschi T, de Nazelle A, GraciaE, Ambros A, Marquez S, et a. Correlates of walking for travel in seven
European cities: The PASTA Project. Environ Health Perspect 2019 Sep;127(9):97003 [FREE Full text] [doi:
10.1289/EHP4603] [Medline: 31532248]

Hachem M, Saleh N, Paunescu A, Momas|, Bensefa-Colas L. Exposureto traffic air pollutantsin taxicabs and acute adverse
respiratory effects: A systematic review. Sci Total Environ 2019 Nov 25;693:133439. [doi: 10.1016/j.scitotenv.2019.07.245]
[Medline: 31374502]

BecerraJM, Reis RS, Frank LD, Ramirez-Marrero FA, Welle B, Arriaga Cordero E, et al. Transport and health: alook at
three Latin American cities. Cad Salde Piblica 2013 Apr;29(4):654-666. [doi: 10.1590/s0102-311x2013000800004]
Sudrez L, Mesias S, IglesiasV, SilvaC, Caceres DD, Ruiz-Rudol ph P. Personal exposure to particulate matter in commuters
using different transport modes (bus, bicycle, car and subway) in an assigned route in downtown Santiago, Chile. Environ
Sci Process Impacts 2014 May;16(6):1309-1317. [doi: 10.1039/c3em00648d] [Medline: 24599286]

Anderson HR, Spix C, Medina S, Schouten JP, Castellsague J, Rossi G, et al. Air pollution and daily admissionsfor chronic
obstructive pulmonary diseasein 6 European cities: resultsfrom the APHEA project. Eur Respir 31997 May;10(5):1064-1071
[FREE Full text] [doi: 10.1183/09031936.97.10051064] [Medline: 9163648]

Informe Técnico Especia 10. Informe Carga de Enfermedad Ambiental en Colombia. Observatorio Nacional de Salud.
2018. URL: https://www.ins.gov.co/Direcciones/ ONS/Informes/

10%20Carga%20de%20enf ermedad%20ambiental %620en%20Col ombia pdfhttps.//www.ins.gov.co/DireccioneONS/

| nformes/10%20Carga%20de%20enf ermedad%20ambi ental %20en%20Col ombia.pdf [accessed 2022-01-13]

Aspinall WP, Cooke RM, Havelaar AH, Hoffmann S, Hald T. Evaluation of a performance-based expert elicitation: WHO
global attribution of foodborne diseases. PL0oS One 2016;11(3):e0149817 [FREE Full text] [doi:

10.1371/journal .pone.0149817] [Medline: 26930595]

Solis-Soto MT, Patifio A, Nowak D, Radon K. Association between environmental factors and current asthma,
rhinoconjunctivitis and eczema symptomsin school-aged children from Oropeza Province--Bolivia: across-sectional study.
Environ Health 2013 Nov 05;12:95 [FREE Full text] [doi: 10.1186/1476-069X-12-95] [Medline: 24192069]

Jereb B, Batkovic T, Herman L, Sipek G, Kovse ?, Gregoric A, et a. Exposure to black carbon during bicycle
commuting—alternative route selection. Atmosphere 2018 Jan 15;9(1):21-29. [doi: 10.3390/atm0s9010021]

Mannucci P, Franchini M. Health effects of ambient air pollution in devel oping countries. Int J Environ Res Public Health
2017 Sep 12;14(9):1048 [FREE Full text] [doi: 10.3390/ijerph14091048] [Medline: 28895888]

Martinez-L6pez E, Diaz-Vaencia PA. Breathing contaminated air is as harmful as cigarette smoking. Rev Salud Publica
(Bogota) 2015 May;17(3):365-378 [FREE Full text] [doi: 10.15446/rsap.v17n3.38428] [Medline: 28453087]

Gaitan M, Cancino J, Behrentz E. Andlisis del estado delacalidad del aire en Bogota. Revi Ingenieria2007 Nov(26):81-92.
[doi: 10.16924/revinge.26.10]

Estévez-Garcia JA, Rojas-Roa N, Rodriguez-Pulido Al. Occupational exposure to air pollutants: particulate matter and
respiratory symptoms affecting traffic-police in Bogota. Rev Salud Publica (Bogota) 2013;15(6):889-902 [FREE Full text]
[Medline: 25124352]

Rojas N, Galvis B. Relacion entre PM2.5y PM 10 en la ciudad de Bogota. Rev Ingenieria 2005 Nov(22):54-60. [doi:
10.16924/revinge.22.6]

Sarmiento R, Hernandez LJ, Medina EK, Rodriguez N, Reyes J. Sintomas respiratorios asociados a la exposicion a
contaminacion del aire en cinco localidades de Bogota, D.C., 2008-2011. Una cohorte dindmica. Biomedica 2015 May
20;35:167-176. [doi: 10.7705/biomedica.v35i0.2445]

Franco JF, Rojas NY, Sarmiento OL, Behrentz E. Urban air pollution in school-related microenvironments in Bogota,
Colombia. Ingenierialnvestig 2013;33(2):42-48. [doi: 10.15446/ing.investig.v33n2.39516]

https://www.researchprotocol s.org/2022/1/e25690 JMIR Res Protoc 2022 | vol. 11 | iss. 1| e25690 | p. 9

(page number not for citation purposes)


https://ehp.niehs.nih.gov/doi/10.1289/EHP98?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1289/EHP98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27713111&dopt=Abstract
http://europepmc.org/abstract/MED/27149144
http://dx.doi.org/10.1016/j.envpol.2016.04.085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27149144&dopt=Abstract
http://dx.doi.org/10.1097/MD.0000000000002464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26765444&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=26743706
http://dx.doi.org/10.1136/bmjopen-2015-009924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26743706&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16132441
http://dx.doi.org/10.3390/ijerph16132441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31323996&dopt=Abstract
https://ehp.niehs.nih.gov/doi/10.1289/EHP4603?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1289/EHP4603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31532248&dopt=Abstract
http://dx.doi.org/10.1016/j.scitotenv.2019.07.245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31374502&dopt=Abstract
http://dx.doi.org/10.1590/s0102-311x2013000800004
http://dx.doi.org/10.1039/c3em00648d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24599286&dopt=Abstract
http://erj.ersjournals.com/cgi/pmidlookup?view=long&pmid=9163648
http://dx.doi.org/10.1183/09031936.97.10051064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9163648&dopt=Abstract
https://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdfhttps://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdf
https://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdfhttps://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdf
https://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdfhttps://www.ins.gov.co/Direcciones/ONS/Informes/10%20Carga%20de%20enfermedad%20ambiental%20en%20Colombia.pdf
https://dx.plos.org/10.1371/journal.pone.0149817
http://dx.doi.org/10.1371/journal.pone.0149817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26930595&dopt=Abstract
https://ehjournal.biomedcentral.com/articles/10.1186/1476-069X-12-95
http://dx.doi.org/10.1186/1476-069X-12-95
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24192069&dopt=Abstract
http://dx.doi.org/10.3390/atmos9010021
https://www.mdpi.com/resolver?pii=ijerph14091048
http://dx.doi.org/10.3390/ijerph14091048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28895888&dopt=Abstract
https://www.scielosp.org/scielo.php?script=sci_arttext&pid=S0124-00642015000300005&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.15446/rsap.v17n3.38428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28453087&dopt=Abstract
http://dx.doi.org/10.16924/revinge.26.10
https://www.scielosp.org/scielo.php?script=sci_arttext&pid=S0124-00642013000600009&lng=en&nrm=iso&tlng=en
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25124352&dopt=Abstract
http://dx.doi.org/10.16924/revinge.22.6
http://dx.doi.org/10.7705/biomedica.v35i0.2445
http://dx.doi.org/10.15446/ing.investig.v33n2.39516
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Malagon-Rojas et al

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Blanco-Becerra LC, Miranda-Soberanis V, Hernandez-Cadena L, Barraza-Villarreal A, Junger W, Hurtado-Diaz M, et a.
Effect of particulate matter less than 10um (PM10) on mortality in Bogota, Colombia: atime-series analysis, 1998-2006.
Salud Publica Mex 2014;56(4):363-370. [doi: 10.21149/spm.v56i4.7356] [Medline: 25604176]

Cortés-Mufioz C, Cardona-Arango D, Segura-Cardona A, Garzon-Dugue MO. Demographic, socia, physical and mental
factors associated with functional capacity in the elderly, Antioquia, Colombia, 2012. Rev Salud Publica (Bogota) 2016
Apr;18(2):167-178 [FREE Full text] [doi: 10.15446/rsap.v18n2.49237] [Medline: 28453030]

Informe de seguimiento plan maestro de Movilidad acerdo 223 de 2006. Bogota Secretaria Distrital de Movilidad. 2019.
URL: https.//www.movilidadbogota.gov.co/web/sites/defaul t/fil es/Paginas/29-09-2020/

informe_acuerdo_223 de 2006_vigencia 2019 1.pdf [accessed 2022-01-13]

Herramientas web y moviles de lainformacidn geografica de Bogota. Infraestructura de Datos Espaciales. 2020. URL:
https://www.ideca.gov.co/ [accessed 2022-01-13]

Resultados censo nacional de poblacion y vivienda 2018. DANE. 2019. URL : https://www.dane.gov.co/index.php/
estadisti cas-por-tema/demografia-y-pobl acion/censo-nacional -de-pobl acion-y-vivenda-2018 [accessed 2022-01-13]
Camara de Comercio de Bogota, Los Andes University. ¢Como mejorar la movilidad de los bogotanos? 2016-2020. CCB.
2018. URL: https://bibliotecadigital.cch.org.co/bitstream/handl e/11520/13604/

20%20como%20mej orar%20la%20movili dad%20de%20l 0s%20bogotanos¥20version%20para%20i mpresion%20FI NAL.
pdf ?sequence=1& isAllowed=y [accessed 2022-01-13]

Volpino P, Tomel F, LaValle C, Tomao E, Rosati MV, Ciarrocca M, et al. Respiratory and cardiovascular function at rest
and during exercise testing in a healthy working population: effects of outdoor traffic air pollution. Occup Med (L ond)
2004 Oct;54(7):475-482. [doi: 10.1093/occmed/kgh102] [Medline: 15486180]

Rojas MX, Dennis RJ. Valores de referencia para parametros de espirometria en la poblacion adulta residente en Bogota,
D. C., Colombia. Biomedica 2010 Mar 01;30(1):82. [doi: 10.7705/biomedica.v30i1.156]

DeJonckheere M, Vaughn LM. Semistructured interviewing in primary care research: a balance of relationship and rigour.
Fam Med Community Health 2019;7(2):e000057 [ FREE Full text] [doi: 10.1136/fmch-2018-000057] [Medline: 32148704]
Mayring P, Fenzl T. QCAmap: asoftwarefor qualitative content analysis. Qcamap. URL : https://www.qcamap.org/ui/home
[accessed 2022-01-13]

Morse M. Qualitative methods: the state of the art. Qual Health Res 2016 Jul 01;9(3):393-406. [doi:
10.1177/104973299129121938]

OltraC, SalaR. A review of the social research on public perception and engagement practices in urban air pollution.
Informes Técnicos Ciemat 1314. Centro de I nvestigaciones Energéticas, Medioambientales y Tecnologicas (CIEMAT).
2014. URL: https://www.osti.gov/etdeweb/servlets/purl /22225183 [accessed 2022-01-19]

Bickerstaff K. Risk perception research: socio-cultural perspectives on the public experience of air pollution. Environ Int
2004 Aug;30(6):827-840. [doi: 10.1016/j.envint.2003.12.001] [Medline: 15120202]

Catalan-Vazquez M, Riojas-Rodriguez H, Jarillo-Soto EC, Delgadillo-Gutiérrez HJ. Perception of health risks dueto air
pollution among adolescents in Mexico City. Salud Publica Mex 2009;51(2):148-154. [doi:
10.1590/s0036-36342009000200011] [Medline: 19377742]

Guzman L, Guzman A, Nates E. El sistema de movilidad de Bogotay susimpliciones en el territorio. 2017 Presented at:
X1l Congreso Colombiano de Transporte y Transito; September 17, 2017; Bogota, Colombia.

Garcia-Rio F, Calle M, Burgos F, Casan P, Del Campo F, Galdiz JB, Spanish Society of PulmonologyThoracic Surgery
(SEPAR). Spirometry. Spanish Society of Pulmonology and Thoracic Surgery (SEPAR). Arch Bronconeumol 2013
Sep;49(9):388-401. [doi: 10.1016/j.arbres.2013.04.001] [Medline: 23726118]

Encuesta de Movilidad 2019. Secretaria Distrital de Movilidad. 2020. URL : https.//www.movilidadbogota.gov.co/web/
sites/defaul t/files/Paginas/22-04-2020/20191216 presentacion_encuesta v2.pdf [accessed 2022-01-13]

Okokon EO, Yli-Tuomi T, Turunen AW, Taimisto P, Pennanen A, Vouitsis|, et al. Particulates and noise exposure during
bicycle, bus and car commuting: a study in three European cities. Environ Res 2017 Apr;154:181-189. [doi:
10.1016/j.envres.2016.12.012] [Medline; 28088011]

ENSIN: EncuestaNacional de Situacion Nutricional. Instituto Colombiano de Bienestar Familiar. 2018. URL : https://www.
icbf.gov.co/bienestar/nutricion/encuesta-naci onal -situaci on-nutricional#ensin3 [accessed 2022-01-13]

Parati G, Stergiou GS, Asmar R, Bilo G, deLeeuw P, Imai Y, ESH Working Group on Blood Pressure Monitoring. European
Saciety of Hypertension practice guidelinesfor home blood pressure monitoring. JHum Hypertens 2010 Dec;24(12):779-785.
[doi: 10.1038/jhh.2010.54] [Medline: 20520631]

Morales Betancourt R, Galvis B, Balachandran S, Ramos-Bonilla J, Sarmiento O, Gallo-Murcia S, et a. Exposure to fine
particulate, black carbon, and particle number concentration in transportation microenvironments. Atmos Env 2017
May;157:135-145. [doi: 10.1016/j.atmosenv.2017.03.006]

Laeremans M, Dons E, Avila-Palencial, Carrasco-Turigas G, Orjuela-Mendoza JP, Anaya-Boig E, et al. Black carbon
reduces the beneficial effect of physical activity on lung function. Med Sci Sports Exerc 2018 Sep;50(9):1875-1881. [doi:
10.1249/M SS.0000000000001632] [Medline: 29634643]

Rabe-Hesketh R, Skrondal A. Multilevel and longitudinal modeling using Stata. Second Edition. Texas: Stata Press; Dec
01, 2008:579-582.

https://www.researchprotocol s.org/2022/1/e25690 JMIR Res Protoc 2022 | vol. 11 | iss. 1| 25690 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.21149/spm.v56i4.7356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25604176&dopt=Abstract
https://www.scielosp.org/scielo.php?script=sci_arttext&pid=S0124-00642016000200002&lng=en&nrm=iso&tlng=en
http://dx.doi.org/10.15446/rsap.v18n2.49237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28453030&dopt=Abstract
https://www.movilidadbogota.gov.co/web/sites/default/files/Paginas/29-09-2020/informe_acuerdo_223_de_2006_vigencia_2019_1.pdf
https://www.movilidadbogota.gov.co/web/sites/default/files/Paginas/29-09-2020/informe_acuerdo_223_de_2006_vigencia_2019_1.pdf
https://www.ideca.gov.co/
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018
https://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-nacional-de-poblacion-y-vivenda-2018
https://bibliotecadigital.ccb.org.co/bitstream/handle/11520/13604/20%20como%20mejorar%20la%20movilidad%20de%20los%20bogotanos%20version%20para%20impresion%20FINAL.pdf?sequence=1&isAllowed=y
https://bibliotecadigital.ccb.org.co/bitstream/handle/11520/13604/20%20como%20mejorar%20la%20movilidad%20de%20los%20bogotanos%20version%20para%20impresion%20FINAL.pdf?sequence=1&isAllowed=y
https://bibliotecadigital.ccb.org.co/bitstream/handle/11520/13604/20%20como%20mejorar%20la%20movilidad%20de%20los%20bogotanos%20version%20para%20impresion%20FINAL.pdf?sequence=1&isAllowed=y
http://dx.doi.org/10.1093/occmed/kqh102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15486180&dopt=Abstract
http://dx.doi.org/10.7705/biomedica.v30i1.156
https://fmch.bmj.com/lookup/pmidlookup?view=long&pmid=32148704
http://dx.doi.org/10.1136/fmch-2018-000057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32148704&dopt=Abstract
https://www.qcamap.org/ui/home
http://dx.doi.org/10.1177/104973299129121938
https://www.osti.gov/etdeweb/servlets/purl/22225183
http://dx.doi.org/10.1016/j.envint.2003.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15120202&dopt=Abstract
http://dx.doi.org/10.1590/s0036-36342009000200011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19377742&dopt=Abstract
http://dx.doi.org/10.1016/j.arbres.2013.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23726118&dopt=Abstract
https://www.movilidadbogota.gov.co/web/sites/default/files/Paginas/22-04-2020/20191216_presentacion_encuesta_v2.pdf
https://www.movilidadbogota.gov.co/web/sites/default/files/Paginas/22-04-2020/20191216_presentacion_encuesta_v2.pdf
http://dx.doi.org/10.1016/j.envres.2016.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28088011&dopt=Abstract
https://www.icbf.gov.co/bienestar/nutricion/encuesta-nacional-situacion-nutricional#ensin3
https://www.icbf.gov.co/bienestar/nutricion/encuesta-nacional-situacion-nutricional#ensin3
http://dx.doi.org/10.1038/jhh.2010.54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20520631&dopt=Abstract
http://dx.doi.org/10.1016/j.atmosenv.2017.03.006
http://dx.doi.org/10.1249/MSS.0000000000001632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29634643&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Malagon-Rojas et al

65. Globa map of PM2.5 exposure by city in 2020. 1QAir. 2018. URL : https:.//www.igair.com/world-air-quality-report [accessed
2022-01-13]

66. Gaitdn M, Cancino J, Behrentz E. Andlisisdel estado delacalidad del aire en Bogota. Rev Ingenieria2007 Nov(26):81-92.
[doi: 10.16924/revinge.26.10]

67. RojasNY. Airey problemas ambientales de Bogota. National University of Colombia. 2018. URL : https://bogota.gov.co/
sites/default/files/inline-files/aire y_problemas ambientales de bogota.pdf [accessed 2022-01-13]

Abbreviations

BC: black carbon

FEF25%-75%: forced midexpiratory flow

FEV1: forced expiratory volumein the first second

FVC: forced vita capacity

MET: metabolic equivalent of task

PM: particulate matter

PM, 5. fine particulate matter <2.5 microns

R5: small airway reactance

RMCAB: Red de Monitoreo de Calidad del Aire de Bogota (Air Quality Monitoring Network of Bogota)
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