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Abstract

Rationale: Physical activity while being exposed to high
concentrations of air pollution may lead to greater inhalation of
pollutant particles and gases. Thus, owing to features of the built city
environment, specific locations where physical activity take place
may put individuals at increased risk for harmful inhaled exposures
leading to decrements in lung function.

Objectives: The objectives were to determine locations throughout
an urban landscape where children engage in moderate to vigorous
activity (MVA). We hypothesized that outdoor activity would be
associated with increased exposure to air pollution and reduced lung
function.

Methods: Children aged 9–14 years living in New York City (NYC)
(n= 151) wore global positioning system devices and wrist
accelerometers for two 24-hour periods. Time-stamped global
positioning system points and accelerometer data were aggregated
and mapped using ArcGIS to determine locations where children
engaged in MVA. Location-specific particulate matter ,2.5 microns
and nitrogen dioxide (NO2) was determined based on land use
regression models of street-level pollution. Temporal air pollution
exposure was determined based on daily concentrations collected at
one central site in NYC. Forced expiratory volume in 1 second
(FEV1), forced vital capacity (FVC), and forced expiratory flow,
midexpiratory phase (FEF25–75) were collected following each 24-hour
period. Data were analyzed using multivariable linear regression
models to examine associations between MVA time and both lung
function and air pollution in separate models. Additionally, a

multiplicative interaction term (MVA time3 season) was included to
test whether the association between MVA time and lung function
outcomes varied by warmer versus colder months.

Results: On average, children spent less MVA time outdoors
(38.26 39.6 min/d) compared with indoors (71.96 74.7 min/d,
P, 0.01), regardless of season. The majority of outdoor MVA
occurred along sidewalks and roadbeds (30.26 33.3 min/d, 76.9%
of outdoor) where annual average concentrations of NO2 were
relatively high. Interquartile range (IQR) increase in outdoor MVA
time (44 min) was associated with higher levels of annual average
NO2 (P, 0.01) but not particulate matter,2.5 microns. In warmer
months, for IQR increase in outdoor MVA time, children had 1.41%
lower FEV1/FVC (95% confidence interval [95% CI], 22.46 to
20.36) and 4.40% lower percent predicted FEF25–75 (95% CI,28.02
to20.78). These results persisted even after adjustment for location-
specific annual average concentrations of NO2. No association was
observed between MVA time and lung function in colder months
(P. 0.05), and a formal test for interaction (MVA time3 season)
was significant (P value for interaction = 0.01 and 0.03 for FEV1/
FVC and FEF25–75, respectively).

Conclusions: Children in NYC spent less time active outdoors
compared with indoors. Outdoor activity was greatest near traffic
sources and associated with higher annual average concentrations of
NO2. In warmer months, outdoor activity was associated with lower
lung function, but this association did not appear to be mediated by
higher exposure to outdoor pollution during exercise.
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Exposure to ambient pollution is a well-
documented trigger of impaired lung
function in children (1–3). Although regular
physical activity has been associated with
improved spirometry outcomes (4–6),
increased minute ventilation during activity
could result in increased lung deposition of
pollutant gases and particles (7). Children
may be particularly susceptible to the effects
of physical activity in polluted environments
and related airway injury because of ongoing
development of the respiratory tract
throughout early childhood and adolescence
(8). For example, children living in high-
ozone communities of Southern California
who participated in at least three sports had
greater than threefold increased risk of
developing asthma over a 5-year period
compared with children who did not
participate in sports but lived in the same
high-ozone communities (9). These findings
suggest there is a mediation effect of
pollution whereby high activity leads to
increased inhalation of ambient pollution
and subsequent airway hyperreactivity. The
significant role of physical activity in the
relationship between air pollution and lung
function is corroborated by several short-
term exposure studies. In adults, reduced
lung function has been observed following
physical activity in locations of high traffic-
related air pollution exposure (10, 11)
including particulate matter ,2.5 microns
(PM2.5) and nitrogen dioxide (NO2) (12).
However, there is little known about how
physical activity level is related to air
pollution exposure and lung function in
children. This is particularly important
given the current World Health
Organization recommendations that
children participate in at least 60 minutes of
moderate to vigorous activity daily (13, 14).

Features of the built city environment
can influence both the amount of time one
engages in physical activity (15–17) and the
concentration of ambient pollution one is
exposed to. In dense metropolitan areas,
streets and adjacent roadbeds that are
flanked on both sides by tall buildings have

some of the highest concentrations of
ambient pollution (18–20). Also, in many
urban communities, playgrounds and
athletic fields are located adjacent to high-
traffic roadways, potentially increasing the
amount of time children are engaged in
highly active behaviors in highly polluted
environments (21). To mitigate risk, we
need to better understand where children
spend time being physically active across an
urban landscape and what the ambient
pollutant exposures are during those periods
of time. Accelerometers and global
positioning system (GPS) devices can be
combined to identify patterns and locations
of physical activity across a geographic area
(22, 23).

In a sample of 9- to 14-year-old
children who live in New York City (NYC),
our objective was to 1) characterize locations
where children spent time engaged in
physical activity and 2) examine the
associations between locations of physical
activity and both air pollution exposure
(PM2.5 and NO2) and lung function. We
hypothesized that owing to features of the
built city environment, outdoor physical
activity would be associated with increased
exposure to air pollution and reduced lung
function and that air pollution would
modify the association between outdoor
activity and lung function. Also, we
investigated associations stratified by season
owing to seasonal fluctuations in patterns of
physical activity (24).

Methods

Study Participants
Study participants (n= 163) were enrolled
from the Columbia Center for Children’s
Environmental Health longitudinal birth
cohort study. African American and
Dominican mothers were recruited
during pregnancy from Northern
Manhattan and the South Bronx of NYC as
previously described (25). For this nested
case–control observational study to evaluate

environmental factors associated with
respiratory outcomes (26), children were
recruited based on age (target 9–14 yr) and
current asthma status. Because of the high
prevalence of disease and morbidity in the
community, the sample was enriched for
children with asthma (target 50% asthma) to
assess for potential effect modification.
Asthma was diagnosed by a pulmonologist
or allergist, and to meet enrollment criteria
for the nested study, children had to report
symptoms of asthmamedication use in the 1
year before recruitment (27, 28). Children
completed questionnaires at the end of each
24-hour GPS monitoring period to confirm
their whereabouts while wearing the
monitor. Complete data on GPS locations,
physical activity, and lung function were
available for n= 151 participants who were
included in this analysis (see Figure E1 in the
online supplement).

Physical Activity
Physical activity level was assessed using a
wrist-mounted accelerometer (Actical,
Philips Respironics) on the nondominant
wrist for 6 consecutive days that overlapped
with the 2 days of GPS measurement
(i.e., visit 1 and 2; see Figure E2). As
published previously, reported physical
activity level did not vary significantly
between days during which the GPS
device was versus was not worn (29).
Activity counts were determined by the
accelerometer based on integrated measures
of amplitude and frequency of motion.
Activity intensity was determined based on
energy expenditure (moderate = 0.031–
0.083 kcal/min/kg; vigorous .0.083 kcal/
min/kg). Activity counts were recorded by
the Actical in 1-minute epochs. Using time
stamps from the Actical, each 1-minute
activity intensity score was matched with a
GPS coordinate.

GPS Locations
Each participant wore a GPS device within a
vest for two 24-hour periods 5 days apart
(Figure E2) as previously described, and
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children demonstrated excellent compliance
with wearing the vest (30). The GPS
device recorded longitude and latitude
spatial coordinates in 1-minute epochs.
Participants with less than 100 GPS points
identified in a 24-hour period (n= 6) were
excluded owing to insufficient data (Figure
E1). Time-stamped GPS coordinates were
matched with time-stamped activity
intensity scores for 2 days of overlapping
periods. Only GPS points that corresponded
with moderate or vigorous activity (MVA)
were selected for analysis.

Initially, 40.2% of all vigorous-activity
minutes and 35.5% of all moderate-activity
minutes across all children were matched to a
GPS coordinate. This GPS signal rate is
consistent with similar urban studies using GPS
data (31). The missing GPS coordinates that
occurred only when participants were indoors
were likely due to lost GPS signal that often
occurs when people are in indoor environments
or outdoors only for brief periods (32).
Therefore, we used detailed questionnaire data
collected at the end of each 24-hour monitoring
period to confirm locations for the missing GPS
points. The combination of GPS-derived
coordinates and questionnaire-imputed
coordinates resulted in 84.2% of all vigorous-
and 80.6% of all moderate-activity points being
matched to aGPS coordinate.Overall, 9.9%of all
GPS points collected for the n=151 children in
this study corresponded with moderate or
vigorous activity and were used for this analysis
(Figure E1).

GPS coordinates were mapped to built
environment features defined by the NYC
Department of Parks and Recreation shape
files using ArcGIS (Esri). To address
concerns of misclassification of location
coordinates based on GPS signal scatter that
is known to occur in urban environments
(33), all location points that were part of a
“cloud” or that did not intersect with a built
environment feature were visually inspected
in ArcGIS in several ways (see the details in
the online supplement). Overall, 88.7% of all
location points captured during MVA were
mapped to a built environment feature.

Spirometry
Spirometry was performed in participants’
homes using a portable device (Koko; nSpire
Health) in accordance with American
Thoracic Society and European Respiratory
Society guidelines (34). Studies were
performed immediately following each
24-hour GPS sampling period (Figure E2) as
previously published (35, 36). Spirometry

outcomes that were used for analysis
included forced vital capacity (FVC), forced
expiratory volume in 1 second (FEV1),
FEV1/FVC ratio, and forced expiratory flow,
midexpiratory phase (FEF25–75). National
Health and Nutrition Examination Survey
(NHANES) III reference equations were
applied to determine the percent predicted
values based on age, sex, and height. Percent
predicted lung function values were
used for the analyses, and models were
further adjusted for race/ethnicity with a
dichotomous variable (African American or
Dominican).

Air Pollution and Meteorological
Parameters
Location-specific air pollution measures
were collected from the New York City
Community Air Survey (NYCCAS) air
quality–monitoring program between 2012
and 2015. NYCCAS estimates annual
average concentrations of PM2.5 and NO2

and summer ozone (O3) using land use
regression modeling (37–39). Citywide
300-m Esri grid raster files of annual
average predicted PM2.5, NO2 and O3 were
downloaded from the NYC OpenData
website (40). Air pollution grids were then
converted to points, and the nearest distance
of each GPS point to the nearest grid point
from each predicted pollutant surface was
calculated in ArcGIS.

Temporal ambient concentrations of
PM2.5 (collected every 3 d) and NO2

(collected daily) were measured by the New
York State Department of Environmental
Conservation between 2012 and 2015 (41).
Data were downloaded for the stationary
site monitor in the Bronx, located within
the community where the majority of
participants lived. PM2.5 concentrations 61
day of sampling date were used in analysis.

Residential indoor PM2.5

concentrations were collected over a 6-day
period that included the GPS sampling
period (26). Indoor air monitors were placed
in a room where the child spent most of his
or her time (mostly the room where the
child slept).

Daily average temperature and
humidity data for NYC were retrieved from
the National Oceanic and Atmospheric
Administration’s database between 2012
and 2015 (42).

Data Analyses
Analyses were restricted to children
who had complete GPS-derived built

environment feature data and spirometry,
resulting in a final sample of 151 (Figure
E1). Chi-square and Mann-Whitney
tests were used to detect differences in
MVA time between indoor and outdoor
locations.

Associations between outdoor MVA
time and estimated annual concentrations
of air pollution were analyzed using
multivariable linear regression in
generalized estimating equation models. We
controlled for confounders that are known to
be related to both the predictors and
outcomes of interest for each respective
model. In adjusted model 1, to assess the
relationship between outdoor MVA time and
air pollution exposure (i.e., location-specific
annual average concentrations of PM2.5 or
NO2), we controlled for asthma diagnosis
and colder (September to March) versus
warmer (April to August) months
of sampling. Additionally, to account
for temporal variation in air pollution
concentration, we controlled for daily
concentrations of PM2.5 or NO2, daily
average temperature, and daily average
relative humidity. In adjusted model 2, to
assess the relationship between outdoor
MVA time and lung function, we controlled
for race/ethnicity, asthma diagnosis, obesity,
and warmer/colder months. Both adjusted
models 1 and 2 were further stratified into
colder versus warmer months (stratified
model) with the exclusion of the
dichotomous season variable. Next, a
multiplicative interaction term (MVA
time3 season) was included in adjusted
model 2 (interaction model) to test whether
the association between outdoor MVA
and lung function varied by colder
versus warmer months. b-coefficients are
presented for an interquartile range (IQR)
increase in MVA time, equivalent to 44
minutes.

To further assess for potential
mediation between outdoor MVA time and
lung function by multiple pollutants, we
repeated the analysis in adjusted model 2
with an adjustment for estimated location-
specific annual concentrations of air
pollution (i.e., PM2.5 or NO2), as well as
daily temperature and daily relative
humidity (mediation model). Exploratory
analyses were also conducted to examine
if the relationship between MVA time
and lung function outcomes varied by
asthma status, as children with asthma may
be more susceptible to the effects of air
pollution (43, 44).
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Five sensitivity analyses were conducted as
follows: 1) reanalysis after removing one
extreme FEF25–75, data point (exceeding 200%
predicted), 2) reanalysis after excluding
children who had only one 24-hour
observation period (Nsubject = 39), 3) reanalysis
after replacing location-specific annual average
NO2 with temporal daily concentrations of
NO2 in themediationmodel, 4) reanalysis after
controlling for location-specific summertime
averaged O3 concentrations to assess for
mediation by high O3 in warmer months, as
suggested in a previous study (9), and 5)
reanalysis after controlling for residential PM2.5

concentrations to account for air pollution
exposure during sedentary periods because, on
average, children spent 68% (16.3 h) of their
time at home (26). All analyses were performed
using SPSS Version 25 (IBM Corp), and
P, 0.05 was considered statistically significant.

Results

Participants Characteristics
The demographic characteristics of the
children enrolled in this study are reported in
Table 1. Consistent with the design of the
parent study, 55% (n=83) children had
asthma. The average FEV1 for the whole
sample was 84.2% predicted (SD6 12.4, 2.48

L/s6 0.54) (Table 1): 85.6%6 11.3 predicted
among children with no asthma and 83.0%6
13.2 predicted among children with asthma.

Locations of MVA
On average, children spent the majority of
their overall MVA time indoors compared
with outdoors (71.96 74.7 min/d vs.
38.26 39.6 min/d, for indoor vs. outdoor,
respectively) (Figure 1). The majority of
outdoor MVA occurred along sidewalks and
roadbeds (30.26 33.3 min/d, 76.9% of
outdoor) (Figure 1).

When comparing physical activity by
season, in general, children were more active
in colder compared with warmer months
(Figure 1). Indoor MVA time was greater
during colder compared with warmer
months (90.2 vs. 54.8 min for colder vs.
warmer months, respectively, Mann-
Whitney test, P= 0.002; see Table E1).
However, outdoor MVA time did not differ
by warmer versus colder months (Table E1).

Association between Outdoor
MVA Time and Location-Specific
Annual Average Concentrations of
Air Pollution
During periods of outdoor MVA, exposure
to annual average street-level modeled
PM2.5 was highest in-transit and NO2 was

highest along sidewalks/roadbeds and sports
fields/courts (Kruskal-Wallis test, P, 0.01;
see Figure E3). Overall, an IQR increase
in MVA time (44 min) outdoors was
associated with higher annual average
concentrations of NO2 (b-coefficient, 0.31
ppb; 95% confidence interval [95% CI], 0.11
to 0.51; Table 2) but not PM2.5. The positive
association between MVA time outdoors
and location-specific annual average NO2

was more apparent in warmer months
(b-coefficient, 0.31 ppb; 95% CI, 0.10 to
0.51; Figure 2B) than in colder months
((b-coefficient, 0.22 ppb; 95% CI, 20.19
to 0.63). However, interaction between
MVA time and season on annual average
NO2 was not significant (P value for
interaction = 0.60).

Association between Outdoor
MVA and Lung Function: Effect
Modification by Warmer versus
Colder Months
Overall, the amount of time spent in
outdoor MVA was not associated with lung
function in adjusted models (see Table
E2). However, during warmer months,
increased outdoorMVA time was associated
with lower FEV1/FVC, and FEF25–75
(b-coefficient per IQR of MVA, 21.41%;
95% CI, 22.46 to 20.36; and 24.40%
predicted; 95% CI, 28.02 to 20.78 for
FEV1/FVC and FEF25–75, respectively;
Figure 3 and Table E2) but not FVC or FEV1

(Figure E4). During colder months, no
significant association was observed
between outdoor MVA time and lung
function (Table E2). In a test for effect
modification, an interaction between
outdoor MVA time and season on FEV1/
FVC and FEF25–75 was observed (P value for
interaction = 0.01 and 0.03 for FEV1/FVC
and FEF25–75, respectively; Table E2). We
further performed mediation analyses,
which were restricted to warmer months
given the observed associations between
outdoor MVA time and lung function
only in warmer months. After controlling
for location-specific annual average
concentrations of NO2, daily temperature,
and daily relative humidity in an adjusted
model 2, the significant associations
between outdoor MVA time and lung
function remained (b-coefficient per IQR of
MVA, 21.28%; 95% CI, 22.28 to 20.28;
and 23.74% predicted; 95% CI, 27.28
to 20.20 for FEV1/FVC and FEF25–75,
respectively). Similar results were observed

Table 1. Cohort characteristics

Characteristic Participants Included* (N=151)

Maternal ethnicity
Dominican 94 (62%)
African American 57 (38%)

Age, mean (min–max), yr 12.5 (9.2–14.3)
Sex, F 78 (52%)
>Maternal high school degree 82 (54%)
Maternal asthma (1) 44 (29%)
BMI, mean6SD, z-score† 0.8561.10
Obesity (>95th percentile) 37 (25%)

Asthma‡ 83 (55%)
Lung function, mean6SD, %x

FVC 84.9611.4
FEV1 84.2612.4
FEV1/FVC 86.866.8
FEF25–75 84.1623.5

Definition of abbreviations: BMI = body mass index; FEF25–75 = forced expiratory flow, midexpiratory
phase; FEV1= forced expiratory volume in 1 second; FVC= forced vital capacity; GPS=global
positioning system; max=maximum; min =minimum; SD= standard deviation.
Data are n (%) unless otherwise noted.
*Includes only the children who had complete lung function, GPS, and accelerometer data for current
analysis.
†Weight (kg)/height (m)2.
‡Determined by a pulmonologist or allergist, and to meet enrollment criteria for the nested study,
children had to report symptoms or asthma medication use in the 1 year before recruitment.
xAveraged percent predicted lung function over visit 1 and visit 2; percent predicted represents
adjustment for age, sex, and height.
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when location-specific annual NO2 was
replaced with PM2.5 (data not shown).

In addition, to explore whether the
associations between MVA time and lung
function vary by asthma status, stratified
analyses were repeated after adjusting for
race/ethnicity, obesity, and warmer/colder
months. Outdoor MVA time was not
significantly associated with lung function
outcomes regardless of asthma status (data
not shown).

Sensitivity Analyses
First, after removing one extreme FEF25–75
data point, the association between outdoor
MVA time and FEF25–75 during warmer
months remained significant (b-coefficient
per IQR of MVA, 23.78% predicted; 95%

CI,27.15 to20.42). Second, after excluding
39 children with only one 24-hour
observation period, the main findings
between outdoor MVA time and lung
function in warmer months displayed in
Figure 3 persisted (b-coefficient per IQR of
MVA, 21.58%; 95% CI, 22.70 to 20.47;
and 25.19% predicted; 95% CI, 29.06
to 21.33 for FEV1/FVC and FEF25–75,
respectively). Also, an interaction between
outdoor MVA time and season on
lung function was replicated when the
analyses were restricted to those with two
24-hour observation periods (P value for
interaction = 0.04 and 0.02 for FEV1/FVC
and FEF25–75, respectively). Third, when
location-specific annual average NO2 was
replaced with temporal daily concentrations

of NO2, the results shown in Figure 3 were
replicated (data not shown). Fourth, after
adjustment for location-specific summer
averaged ambient ozone levels in an effort
to evaluate it as a mediator, significant
associations between outdoor MVA and
lower FEV1/FVC and FEF25–75 remained
(data not shown). Lastly, when residential
PM2.5 was controlled in the model to
account for pollution exposure during
sedentary times, the significant associations
between outdoor MVA and reduced
lung function were replicated (data not
shown).

Discussion

In our sample of 151 children living in NYC,
we observed that children spent less time
active outdoors compared with indoors,
particularly in colder-weather months.
When children were active outdoors, the
majority of MVA time took place along
sidewalks and roadbeds where annual
average concentrations of NO2 were
relatively high. Also, in warmer months,
increased outdoorMVA time was associated
with reduced lung function, specifically
FEV1/FVC and FEF25–75. Location-specific
concentrations of NO2 did not appear to
mediate the association between increased
outdoor activity and reduced lung
function. Overall, our findings suggest that
locations where children engage in outdoor
physical activity in urban neighborhoods,
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Table 2. Associations between outdoor MVA time (minutes) and location-specific
annual average concentrations of air pollution

Main Effect (Nsubjects:nvisits = 151:263)

Air pollutants Adjusted
b-Coefficient (95% CI)*

PM2.5, mg/m
3 0.00 (20.04 to 0.04)

NO2, ppb 0.031 (0.11 to 0.51)†

Definition of abbreviations: CI = confidence interval; MVA=moderate to vigorous activity;
NO2=nitrogen dioxide; Nsubjects = number of subjects included for the analysis; nvisits = total number of
visits; PM2.5 = particulate matter ,2.5 microns.
b-coefficients are presented for an interquartile range increase in MVA time, equivalent to 44 minutes.
Bold typeface values represent P, 0.05.
*Models adjusted for asthma, daily average temperature, daily average relative humidity, temporal daily
levels of PM2.5 (or NO2) at fixed monitoring site, and warmer versus colder months.
†P,0.01.
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particularly during warmer months, may
contribute to reduced lung function.

Our approach was to identify the
locations within an urban community where
children spent time engaged in active
behaviors in an effort to quantify exposure

to ambient pollutants during those periods
of activity. Others have classified locations
of childhood physical activity using
accelerometry and GPS devices (31, 32, 45,
46). Yet, variations in the built environment
from city to city likely contribute to

variability in activity patterns across
different populations. For example,
neighborhood safety, walkability, and
amount of green space have been linked to
increased outdoor physical activity in some
regions (47). In the United Kingdom,
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asthma, and obesity). FEF25–75 = forced expiratory flow, midexpiratory phase; FEV1 = forced expiratory volume in 1 second; FVC= forced vital capacity.

ORIGINAL RESEARCH

Lovinsky-Desir, Jung, Montilla, et al.: Locations of Activity, Pollution, and Lung Function 89



children were less active in autumn and
winter months compared with warmer
months (24), whereas we observed greater
indoor activity compared with outdoor,
particularly in colder months. Indoor
exposure to ambient pollutants (37–39)
could result in high inhalation exposure
during physical activity. However, we were
particularly interested in outdoor activity
because of 1) the risk for higher exposure to
traffic-related air pollutants that have been
linked to reduced lung function and 2) the
availability of a network of street-level
modeled outdoor pollution data through the
NYCCAS data set.

In our sample of children living in an
urban environment, the majority of outdoor
activity that occurred along sidewalks
and street beds might be attributed to
commuting to and from school, as observed
by others (24). The majority of outdoor
activity that occurred near these traffic
sources explains the positive association
between overall outdoor MVA time and
annual average NO2, an indicator of
vehicular traffic that is high along busy
roadways (45). Xu and colleagues recently
described differences in spatial distribution
between NO2 and PM2.5 in Beijing, China
(46). They reported that there was less
regional variation in PM2.5 than NO2 (46).
Homogeneity in PM2.5 concentration also
has been described across New York
State (47) and could explain the lack of
association between specific location of
outdoor activity (predominately along
streets) and PM2.5 exposure.

Although we hypothesized that
exposure to ambient pollution would
modify the association between locations of
physical activity and reduction in lung
function, we observed that this later
association was independent of NO2. There
are several plausible explanations for this.
For one, our air pollution estimates were
annual averages based on land use
regression modeling derived from street-
level pollution sensors deployed in 2-week
intervals across each season (37–39).
Although the estimates for location-specific
concentrations are robust, daily fluctuations
in pollution exposure are known to result
from changes in temperature, humidity, and
other meteorological conditions (48).
Therefore, we further adjusted for daily
temperature and humidity to account

for temporal variability in air pollution
exposure estimates across NYC. We also
observed negative associations between
outdoor MVA time and lung function only
in warmer months. Ozone, another ambient
pollutant, often peaks in summer months, is
reduced in winter months, and has been
associated with reduced lung function (9).
However, in sensitivity analysis adjusting for
street-level summer averaged ozone
concentration, there was no significant
difference in the association between
outdoor MVA time and lung function.
Additionally, other warm-weather
environmental exposures that were not
measured in this current study could
contribute to the relationship between
locations of physical activity and lung
function, such as aeroallergens. It has been
demonstrated that air pollutant particles
can bind to and concentrate aeroallergens
in the environment (49–51). Thus,
future studies should address combined
exposure to pollutants and aeroallergens in
understanding the relationship between
outdoor activity and respiratory outcomes.

To our knowledge, this is the first study
to examine locations of physical activity and
lung function in children. A landmark study
from the Southern California Children’s
Health Study identified that children who
engaged in more outdoor sports and were
exposed to high community-level ozone
concentrations were more likely to develop
asthma compared with children who were
less engaged in outdoor sports activities (9).
However, this large population-based study
did not measure individual-level physical
activity patterns. Nor did it account for
specific locations where activity took place.
Several adult studies have demonstrated
decreased lung function following physical
activity under highly polluted conditions
(11, 52–55) that corroborate our findings in
children. We did not observe associations
between physical activity and FEV1 or FVC.
However, FEV1/FVC and FEF25–75 may be
more sensitive indicators of lower airway
obstruction in children (56, 57). And
because of the size of pollutant particles and
gases in relation to the diameter of the lower
respiratory tract, lower airways may be the
location of lung deposition of pollutant
particles and gases. Although children
with asthma may be more susceptible to
the effects of air pollution (43, 44), our

exploratory analyses indicated that the
associations between MVA time and lung
function did not vary by asthma status.

It is important for us to acknowledge
several limitations of our study. First, the
sample size was small; therefore, we were
limited in our ability to assess relationships
between specific outdoor locations (e.g.,
sidewalks vs. parks) and lung function as not
all children engaged in activity in each of
those specific locations. Second, this is a
selected population of minority children
that live in an urban environment. Although
our findings may not be generalizable to the
population at large, the population to which
it is generalizable represents a large burden
of asthma morbidity in urban communities.
Third, children in this study spent only 9.9%
of time engaged in physical activity and the
majority of their time at home during
sedentary periods. Sensitivity analysis with
an adjustment of residential PM2.5 levels
showed that our findings persisted. Fourth,
in adjusted model 1, we only controlled
for temporal daily concentrations of air
pollution, which do not reflect the fine time
scale of exposure during outdoor MVA
activity. Lastly, this was a cross-sectional
study design in which physical activity and
lung function were measured within the
same 24 hours; therefore, it is plausible that
reduced lung function could have resulted in
reduced physical activity level. However,
overall, there was no association between the
amount of time children engaged in MVA
and FEV1, making this less likely.

Conclusions
Because physical activity leads to increased
ventilation, the ability to identify specific
locations of activity, especially near sources
of high pollution, can improve risk
assessment for lung function impairment.
Our findings of an association between
outdoor MVA time and both elevated
annual average NO2 concentration and
reduced lung function demonstrate a need
to inform individuals in urban communities
about location-specific exposure risks. Our
findings also support the need for continued
attention toward improving air quality,
especially in urban communities. n
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5 Fuertes E, Carsin AE, Antó JM, Bono R, Corsico AG, Demoly P, et al.
Leisure-time vigorous physical activity is associated with better lung
function: the prospective ECRHS study. Thorax 2018;73:376–384.

6 Berntsen S, Wisløff T, Nafstad P, Nystad W. Lung function increases
with increasing level of physical activity in school children. Pediatr
Exerc Sci 2008;20:402–410.
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