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Abstract

An increasing amount of evidence suggests ultrafine particles (UFPs) are linked to adverse health
effects, especially in those with chronic conditions such as asthma, due to their small size

and physicochemical characteristics. Toxicological and experimental studies have demonstrated
these properties, and the mechanisms by which they deposit and translocate in the body result

in increased toxicity in comparison to other air pollutants. However, current epidemiological
literature is limited due to exposure misclassification and thus identifying health outcomes
associated with UFPs. The objective of this study was to investigate the association between
weekly personal UFP exposure with lung function and respiratory symptoms in 117 asthmatic
and non-asthmatic adolescents between 13 and 17 years of age in the Cincinnati area. Between
2017 and 2019, participants collected weekly UFP concentrations by sampling for 3 hours a day
in their home, school, and during transit. In addition, pulmonary function was evaluated at the
end of the sampling week, and respiratory symptoms were logged on a mobile phone application.
Multivariable linear regression and zero-inflated Poisson (ZIP) models were used to estimate the
association between personal UFP and respiratory outcomes. The average median weekly UFP
exposure of all participants was 4,340 particles/cm3 (p/cc). Results of fully adjusted regression
models revealed a negative association between UFPs and percent predicted forced expiratory
volume/forced vital capacity ratio (%FEV1/FVC) (p:-0.02, 95% CI [-0.08, 0.03]). Prediction
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models estimated an association between UFPs and respiratory symptoms, which was greater in
asthmatics compared to non-asthmatics. Our results indicate an interaction between asthma status
and the likelihood of experiencing respiratory symptoms when exposed to UFPs, indicating an
exacerbation of this chronic condition. More research is needed to determine the magnitude of the
role UFPs play on respiratory health.
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ultrafine particles; asthma; exposure monitoring; respiratory health; lung function

1. INTRODUCTION

Ultrafine particles (UFPs, particles < 100 nm in diameter) dominate particle number
concentrations in ambient air, but epidemiologic studies primarily measure and study the
health effects of larger particles, including coarse and fine particulate matter (PM1q and
PM, 5, respectively). These studies consistently demonstrate that both short and long-term
PM1g and PM,, 5 exposure is associated with increased cardiopulmonary mortality and
morbidity among adults and children (Babatola 2016, Cohen et al. 2017, HEI 2019,
Lelieveld et al. 2015). However, evidence from toxicological studies suggests that the size,
surface area, and deposition of UFPs may result in increased toxicity compared to larger PM
(Geiser and Kreyling 2010, Lee et al. 2010, Oberdorster et al. 2005). Potential mechanisms
underlying the increased toxicity of UFPs include their deposition into the alveolar region
and alveolar airspace of the lungs through evasion from host defenses and the ability

to induce the creation of reactive oxygen species (Li et al. 2008, Moller et al. 2008).
Furthermore, their high oxidant potential plays an important role in pro-allergic pathways by
enhancing allergic inflammation in the lung (Li et al. 2009), up-regulating pro-inflammatory
cytokines (Beck-Speier et al. 2012) and exacerbating inflammation in sensitive individuals
(Li et al. 2010).

Despite evidence of increased respiratory toxicity of UFPs, epidemiologic studies of

their health effects are lacking. This is due, in part, to challenges in UFP exposure
assessment, including appropriate exposure metrics (i.e., particle number concentration,
surface area, mass) and limited UFP sampling equipment (Baldauf et al. 2016). Advances

in technology, however, have resulted in increased availability of stationary and personal
UFP monitors with a corresponding increase in studies of the health consequences of UFP
exposure. The majority of these have examined daily levels of UFPs at central monitoring
sites and population-level health outcomes, including mortality or hospital admissions

for cardiopulmonary outcomes in adults. To date, the results of these studies have been
inconsistent with limited evidence that UFPs confer increased risk for cardiovascular or
respiratory morbidity beyond that of larger particles or other pollutants, though positive
associations have been observed for respiratory mortality (Lanzinger et al. 2016), decreased
lung function (Strak et al. 2012), acute inflammatory indices of respiratory symptoms (Cole-
Hunter et al. 2013), and pulmonary inflammation markers (Gong et al. 2014). Fewer studies
have focused on the effects of UFP and respiratory health in children, though a recent
review of UFP effects on children’s health suggests that exposure to UFPs is significantly
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associated with decreased peak expiratory flow (PEF), increased inflammatory biomarkers,
and elevated respiratory symptoms (da Costa e Oliveira et al. 2019).

A critical challenge to epidemiologic studies of both children and adults is that there

are multiple indoor and outdoor sources of UFPs, and their high spatio-temporal

variability make exposure classification challenging. Studies of children using model-
derived, individual-level estimates of UFP exposure at their homes (based on stationary

or mobile monitoring campaigns) have found positive associations between prenatal UFP
exposure and the incidence of asthma during childhood (Lavigne et al. 2019) and increased
biomarkers of systemic inflammation (Clifford et al. 2018). However, personal monitoring
of UFP exposures has identified specific locations and activities (i.e., ‘microenvironments’)
outside the home associated with elevated exposure that result in disproportionately higher
exposures than the time spent in these activities or locations (Ryan et al. 2015, Buonanno
et al. 2014, Buonanno et al. 2013). In addition, exposures in similar microenvironments,
for example during commute, can contribute peak exposures within individuals and varying
exposure between individuals depending on their route of choice (Cole-Hunter et al. 2012).
The participant burden and high costs associated with personal sampling have limited the
widespread use of personal monitoring in children’s health studies. The objectives of this
study were to utilize a wearable UFP monitor to characterize typical weekly exposure to
UFPs among adolescents with and without asthma and determine if these exposures are
associated with respiratory health outcomes, including changes in pulmonary function and
asthma symptoms.

2. METHODS
2.1 Study Population

Adolescents with and without asthma were recruited to participate in the Ecological
Momentary Assessment of Personal Particle Exposure (ECOMAPPE) study. Participants
were recruited via advertisements placed throughout Cincinnati Children’s Hospital Medical
Center (CCHMC) and emails sent to CCHMC employees. In addition, adolescents with
asthma enrolled in the Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS), a
longitudinal study of traffic-related air pollution and respiratory health, were also invited to
participate (Brunst et al. 2015, Ryan et al. 2005). Eligibility criteria for ECOMAPPE included
being between the ages of 13 and 17, non-smoking, and not planning to change residence

in the next 12 months. We attempted to enroll a target sample size of 100 participants,

of which, one-half of the study population to have asthma, defined as caregiver report of
physician diagnosed asthma. Caregivers provided written informed consent, and adolescents
provided assent prior to the start of any study activity.

2.2 Ultrafine Particle Assessment

Participants completed up to two sampling sessions of seven days each. Personal UFP
exposure was measured using the Personal Ultrafine Particle Counter (PUFP C200, Enmont
LLC, Cincinnati, OH USA), which has previously been used in the literature (Grabinsky

et al. 2017, Ryan et al. 2015). Briefly, the PUFP C200 (US patent # US 8,449,65) is a
water-based condensation particle counter (CPC) with a flow rate of 0.25 L/min, a weight of
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750 g, and approximately 3 hours of continuous battery operation (www.enmont.com). The
PUFP is comprised of an evaporation-condensation-tube, a miniature diaphragm air pump,
an optical detection module, a flow regulator, water tank, global positioning system (GPS),
and battery pack in a plastic shell body. Two central processing units convert analog laser
particle scattering signature to digital counting data. The PUFP C200 measures a wide range
of particle concentrations (up to 2 x 10° p/cc) and sizes (6 nm — 3 um) at a one-second
resolution, has a good correlation with a reference CPC (£ 10%) (Asbach et al. 2017), and is
easy to wear and use by participants in field tests (Ryan et al. 2015). In a separate study, the
PUFP showed positive linearity to a TSI Model 3007 CPC (slope ~ 1.16, R? ~ 0.99) when
evaluating the performance of respirators (He et al. 2013).

Participants were instructed to wear the PUFP C200 for 3 hours each day of sampling.
During the school year, sampling of particles up to 1 um in size was conducted before

and after school hours, including transit to minimize disruptions during school attendance.
During the weekends and summer sampling period, participants were instructed to begin
sampling approximately ¥ hour before leaving their home for the first time that day or, if
they stayed at home that day, to sample for three hours between 11 AM and 7 PM at their
discretion.

2.3 Health Outcomes

Participants completed study visits at CCHMC before and at the conclusion of each
sampling session. During each study visit, caregivers completed questionnaires pertaining

to their child’s health history and environmental and housing conditions, including current
asthma symptoms and exposure to mold and tobacco smoke. Children with asthma
completed the Asthma Control Test (ACT) (Nathan et al. 2004), the Asthma Control
Questionnaire (Juniper et al. 1999), and the Miniature Asthma Quality of Life Questionnaire
(miniAQLQ) (Juniper et al. 1999) to ascertain current asthma control.

All participants also completed spirometry at each clinic visit following American Thoracic
Society-European Respiratory Society (ATS-ERS) guidelines (Miller et al. 2005) and
administered by a technician who completed a NIOSH-approved training course. A hand-
held spirometer (KoKo® SX 1000, KoKo LLC, Longmont, CO USA) was used to record the
best forced expiratory volume in 1 second (FEV), forced vital capacity (FVC), and average
expiratory flow of FVC between 25 and 75% (FEF25_7504). Predicted lung function values
were calculated based on sex, age, height, and ethnicity using the Global Lung Function
Initiative (GLI) Network for reference values of routine lung function testing (Quanjar et

al. 2012). Participant lung function measurements were reported as a percentage of their
predicted values. In addition, FEV as a percentage of FVC (ratio of FEV/FVC) was
determined.

Respiratory symptom questions were adapted from ISAAC questionnaire (Asher et al.
1995) and ACT (Nathan et al. 2004) andrecorded by study participants during each
personal sampling session using Ecological Momentary Assessment (EMA). EMA is a
research method whereby participants are queried multiple times to repeatedly report their
behaviors, feelings, symptoms, and other experiences. EMA enables outcome assessment
to occur across multiple environments and situations to assess individual-level changes,
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describe trends over time, analyze contextual situations, and study temporal sequences
(Shiffman et al. 2008). EMA data was collected during each sampling session using a
survey-based, real-time mobile application on study-provided smartphones (PiLR Health,
https://pilrhealth.com/pilr-ema-product-features/.) The PiLR health platform has been used
in several studies to aid in the understanding of substance abuse behaviors (McQuoid et

al. 2018) and examine changes in mood and smoking behaviors in postpartum mothers
(Allen et al. 2018). In the current study, EMA questionnaires were trigged by time of day,
entry and departure from homes and schools, and motion detected by the accelerometer
sensor in the phone. EMA questions varied by the time of day and location and queried the
participants ofobservations of their current surroundings, method of transportation, nearby
sources of UFP exposures, including smoking and cooking. On all EMA questionnaires,
participants reported whether they experienced respiratory symptoms, including wheezing,
cough, and/or shortness of breath, in the previous 30 mins. The total count of respiratory
symptoms reported during personal sampling for each participant was determined as the sum
of all reported symptoms during the week. Because cough is a non-specific symptom of
asthma, reported counts of cough were excluded from our analyses.

2.4 Covariates

A priori, we used a causal directed acyclic graph (DAG) to identify possible confounding
pathways (Suttorp et al. 2014) and to identify the covariates to be included in our adjusted
models (Figure 1). These covariates includedresidential proximity to the nearest major
roadway (> 400 meters or < 400 meters), average number of steps walked per day, and
season of sampling session (winter, spring, summer, or fall). Secondhand smoke exposure
was not included in our analysis as less than 10% (n = 10) of participants reported living in a
household with a smoker.

2.4.1 Microenvironment: All UFP concentrations were classified as occurring in one
of five microenvironments based on a spatiotemporal algorithm. GPS equipment on each
PUFP recorded the location (latitude / longitude) of each UFP measurement at a 1-second
resolution. Missing GPS coordinates were imputed based on distance between the last
known coordinate and first non-missing coordinate. If the distance between coordinates
was less than 100 meters, missing coordinates were assigned the value of the last know
coordinate and jittered by less than 5 meters. Coordinates were jittered in order to simulate
noise in the GPS signal. After imputation, the data was aggregated to a resolution of
5-seconds characterized as either stationary or non-stationary (transit) using the circleclust
R package (Wolfe, C. n.d.). The circleclust algorithm calculates a circular variance of
coordinates within a five-minute moving window and defines points as either belonging to a
spatiotemporal cluster or in motion based on departures from a threshold value. A circular
variance threshold of 0.7 was used in our analysis. Participant coordinates were classified
into one of five microenvironments: transit, home, school, other, and undefined. Stationary
coordinates identified by the circleclust algorithm were classified based on proximity to
the participant-defined locations. The centroid of each spatiotemporal cluster or ‘place’
was calculated. Places with a centroid within 100 meters of the participant’s home were
labeled “home’, and those with a centroid within 300 meters of the participant’s school
were labeled as ‘school’. Because most participants could not sample during class, clusters
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labeled as ‘school’ were samples collected before or after school hours while still on the
school’s premises. Remaining spatiotemporal clusters were classified as ‘other’. Finally,
sampling coordinates were labeled ‘undefined’ if GPS coordinates were not recorded during
the sampling session. Coordinates may also be characterized as ‘undefined’ if missing
coordinates occurred at the beginning of sampling and followed by transit or end of
sampling and were preceded by transit.

2.4.2 Proximity to Nearby Traffic: Residential locations of study participants were
geocoded using our stand-alone and validated geocoder (Brokamp et al. 2017). Residential
distance to the nearest primary (S1100) roadways was calculated using previously developed
DeGAUSS software (degauss-org.github.io, Brokamp et al. 2017) and categorized as either
near (< 400 m) or far (> 400 m) from major traffic sources.

2.4.3 Daily Activity: Participants received Fitbit activity monitors (Fitbit, Inc., San
Francisco, CA) and were instructed to wear them during the entirety of their sampling
session. Heart rate, physical activity, and sleep quality were collected by each device and
paired with study-appointed smartphones using the Fitbit mobile application. Data was
retrieved from the Fitbit web API. For each participant, the number of steps per minute were
aggregated to the average steps per day of the entire sampling session for analysis.

2.5 Statistical Analysis

Distributions of UFP concentrations and health outcomes for the entire sample and by
asthma status were characterized using summary statistics. Weekly UFP concentrations were
summarized by calculating the median for the entire sampling week for each participant.
UFP concentrations recorded by the PUFP above 250,000 p/cc were replaced with 250,000
p/cc in order to eliminate readings outside the particle range capacity of the device. This
resulted in truncation of 1% of the total dataset. Weekly UFP median concentrations were
log-transformed to ensure normality of model residuals. The average percent of sampling
time participants spent in each microenvironment (home, school, transit, other, undefined)
of their overall sampling duration was calculated from corresponding GPS data as described
above.

The association between weekly median UFP exposures and lung function assessed

at the completion of the personal sampling week was examined using multivariable

linear regression. Individual models were built for each lung function outcome (%FEV1,
%FVC, %FEF,5_75, and %FEV1/FVC). The association between UFP exposure and
respiratory symptoms was estimated using zero-inflated Poisson (ZIP) regression models
after performing a Vuong likelihood ratio test to verify their superior fit over Poisson
regression models (Vuong 1989). Total respiratory symptom count used in the ZIP models
included wheezing and shortness of breath symptoms only. ZIP regression is a two-part
model that fits zero-inflated counts as (1) a logistic regression model for group membership
in the zero-inflated group and (2) a Poisson regression model that fits the number counts
among those not in the zero-inflated group from the first part. The results from this model
were characterized using odds ratios (OR) and risk ratios (RR), respectively.
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To examine potential effect modification by asthma status, we added an interaction term
between asthma diagnosis and UFP exposure to each of the multivariable regression models
and ZIP models. We considered effect modification to be present if the interaction term had
a corresponding p-value of < 0.05. Only outcomes with significant effect modification of
asthma status on UFP were used to generate asthma-specific model coefficients. Though the
Poisson portion of the ZIP models produced a significant interaction term between asthma
status and UFP exposure, we did not have enough power to estimate the effect within
asthmatics and non-asthmatics separately. Therefore, to illustrate this difference, a prediction
model was built to predict the outcome of each asthmatic and non-asthmatic using median
values for each covariate.

All data analyses were conducted using R version 3.6.1. R packages used: pscl version
1.5.5 for zero-inflation models (Zeileis et al. 2008) and ggplot2 version 3.3.2 for graphics
(Wickham 2016).

3. RESULTS
3.1 Study Population

Characteristics of the study population are presented in Table 1. In total, 118 children
completed at least one sampling session; however, 1 participant was omitted from analysis
due to a sensor malfunction leaving a sample size of 117. Of these, 52 (44%) were male
and 65 (56%) were female. Among the participants, 21 (18%) were African American, and
42% had been diagnosed with asthma by a physician. Participants’ average age was 15.4
years.. Participants with and without asthma were similar with respect to age, sex, race,

and proximity to major roads (Table 1). However, participants with asthma reported lower
household income (p = 0.02) and a higher percentage of divorced parents (p < 0.01) (Table
1). Participants with asthma reported an average Asthma Control Test score of 21.5 (£ 2.97)
with 70% being well-controlled (defined as having a score > 20).

Overall, participants recorded the majority of their personal UFP exposure while at their
home (65%), with the remaining sampling being conducted at schools (10%), in transit
(9%), other locations (19%), or undefined locations (9%).

3.2 Ultrafine PM exposure

A summary of ECOMAPPE participants’ weekly personal UFP exposure is provided in
Table 2 for the entire sample as well as by asthma status. Overall, the median weekly
personal exposure to UFP among all participants was 4,340 p/cc [range: 351-58,300 p/cc].
Median UFP exposure was not significantly higher among asthmatics (4,660 p/cc [range:
584-26,800 p/cc]) than non-asthmatics (4,210 p/cc [range: 351-58,300 p/cc]). On average,
sampling sessions in the fall revealed higher median exposure to UFPs (6,680 p/cc [range:
584-58,300 p/cc]) than other seasons (Winter: 4,635 p/cc [range: 1,240-18,300 p/cc];
Spring: 5,465 p/cc [range: 1,010-26,800 p/cc]; Summer: 3,375 p/cc [range: 351-37,500
p/cc]) and were significantly higher than sampling sessions that occurred during summer
months (p = 0.02).
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3.3 Lung Function

Average percent predicted spirometry values as measured at the clinic visit following study
participation for all participants are provided in Table 1. Overall, the mean %FEV for
EcoMAPPE participants was 102%. The mean %FVC value was 108%, %FEF5_754,

was 96%, and %FEV1/FVC ratio was 95%. Two-sample ¢tests revealed no significant
differences between the asthmatic and non-asthmatic group occured for any of the lung
function outcomes (£>0.05). As shown in Figure 2, unadjusted median weekly UFP
exposures were negatively associated with %FEV1, %FEV1/FVC, and %FEF,5_750,, While
positively associated with %FVC, though no relationships reached statistical significance.

We did not observe an interaction between asthma status and UFP exposure on any lung
function. As presented in Table 3, after adjustment for distance to nearest roadway, daily
activity, and season, multivariable linear regression models revealed the overall effect of
weekly median UFP exposure was negative for %FEV; (-0.01, 95% CI [-0.08, 0.06]), and
%FEV1/FVC ratio (-0.03, 95% CI [-0.07, 0.02]), and %FEF,5_750, (-0.03, 95% CI [-0.18,
0.11]), and positive for %FVC (0.03, 95% CI [-0.05, 0.11]). None of the effects reached
statistical significance.

3.4 Respiratory symptoms

The distribution of the average number of total symptoms and total symptoms excluding
cough experienced by each participant are included in supplementary material, Figure S1.

The proportion of participants who did not experience any symptoms during their sampling
week was 55% (64/117). After the number of cough symptoms experienced by participants
were eliminated from total number of symptom tallies, we observed 76% (90/117) of
participants experienced 0 symptoms throughout the week. The average (x SD) number

of total symptoms experienced by participants throughout sampling was 2 (+ 4) for

any reported symptoms and 0.8 (z 2.3) excluding cough as a symptom (Table 1). The
asthmatic group reported a significantly higher number of symptoms for both outcomes
(total symptoms: o = 0.01; total symptoms excluding cough: p< 0.01).

After adjustment for model covariates, we did not find any association between having

at least 1 symptom and UFP exposure (ZIP OR: 1.31, 95% CI [0.22, 7.69] and ZIP RR:
1.09, 95% CI [0.41, 2.83] for a ten-fold increase in UFP exposure). We detected effect
interaction by asthma status in the Poisson portion of the model (p <0.001), resulting in

a significant increase in the risk of experiencing any number of symptoms in asthmatics
according to ZIP model results (RR = 1.68, 95% CI [1.31, 2.14]). Our prediction model
estimated median UFP exposure of 10,000 p/cc was associated with an average of 2.0
symptoms in asthmatics and 0.20 symptoms in non-asthmatics (Figure 3). It was determined
that asthmatics, on average, experienced more respiratory symptoms in response to UFPs
compared to non-asthmatics.

4. DISCUSSION

In our study, we did not observe a significant association between increased personal
weekly UFP exposures and lung function. However, participants with greater UFP exposure
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were 1.3 times more likely to report at least one respiratory symptom and of those who
experienced at least 1 symptom, experienced an increase of 9% in total symptoms for the
week. ZIP models revealed higher UFP exposure was associated with significant increases
in the number of non-zero symptoms in the asthmatic group compared with non-asthmatics.
Our analysis suggests an interaction between asthma status and UFP exposure, and perhaps
playing a greater role on respiratory effects in asthmatics when compared to non-asthmatics.

While weekly median UFP was negatively associated with FEV, FEF,5_75¢,, and
FEV1/FVC in the fully adjusted model, this effect was not statistically significant. In
addition, we did not observe effect modification by asthma status on the association between
UFP and lung function. One potential explanation for these findings is that adolescents

with asthma in this population are effectively managing their disease, as suggested by

the ACT data. Prior studies of UFP exposure among asthmatic children have reported
contrasting results. In two separate longitudinal studies, UFPs of two size ranges averaged
over the previous four days were associated with deviations of morning PEF measurements
from the total mean of each subject’s respective PEF measurements (p = —0.483 L/min
[UFP size: 0.032-0.10 um], —0.728 L/min [UFP size: 0.01-0.032 pm], Pekkanen et al.
1997), (B = —0.43 L/min, Tiitanen et al. 1999) but were not statistically significant. A
cross-sectional study on three European birth cohorts found mostly negative associations
between UFPs and lung function outcomes in children with persistent respiratory symptoms,
however results were not significant and effects were not modified by persisten respiratory
symptom status (Paunescu et al. 2019). This study differed from ours such that dependent
variables were dichotomized according to ATS 2005 criteria (Miller et al. 2005) and were
measured within 1-hour of exposure sampling. Positive associations have also been reported
in an asthmatic population (FEV1: 0.11 L increase per IQR increase in UFPs [5,646 p/cc],
p<0.05; FEF,5_7504: 0.36 L/s per IQR increase in UFPs, p<0.05) (Li et al. 2016). These
studies did not report on asthma control, therefore it is unknown whether their sample

were effectively managing their disease at the time of the study. Additionally, sampling of
UFPs was carried out using a stationary monitor. Personal UFP sampling was used in a
recent study in which significantly negative relationships between alveolar deposited surface
area UFP dose and both FEV; (B = —0.0025 %mm™2, p=0.02) and FEF25_750, (B =
-0.0075 %mm~2, p = 0.004) were reported (Buonanno et al. 2013). Previous studies using
similar methodologies of weekly black carbon (BC, a proxy to traffic-related air pollution
exposure) effects on lung function have been conducted using wearable sensors (Laeremans
et al. 2018, Laeremans et al. 2018b). Results of these studies found significant decreases

in PEF, but not FEV4, FVC, or FEV1/FVC were associated with increased BC exposure,
and the protective effect of physical activity on lung function decreases with increasing

BC exposure. These studies highlight the importance of personal sampling for determining
individual-based dose-response relationships.

In contrast to lung function, we did find weekly exposure to UFPs among children with an
asthma diagnosis to have significantly increased risk of experiencing respiratory symptoms
throughout the week, suggesting they are more susceptible to UFP-induced respiratory
health effects. This finding is in agreement with prior studies that have reported on infants.
In one such study, they found infants experienced a significant increase in symptoms when
exposed to UFPs (Andersen et al. 2008). Logistic regression models revealed IQR increases

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Turner et al.

Page 10

in UFPs averaged over 3 days prior to exposure was significantly associated with wheezing
symptoms in children age 0-1 years living within 5 kilometers (km) of the urban pollutant
monitoring stations (OR= 2.46, 95% CI [1.04, 5.84]). Several other studies have reported

on the effect of UFPs on respiratory symptoms in children, though relationships were not
significant, and results were inconsistent. For example, Tiitanen and colleagues observed
increases in UFPs averaged over the previous 4 days resulted in a 24% increase in cough
symptoms, though negative associations were observed on the same day of exposure and
none of the effects were significant (Tiitanen et al. 1999). In the current study, a 6% increase
in the odds of experiencing respiratory symptoms excluding cough (i.e., wheeze) was found,
which was smaller than the effect size found in previously reported studies. In a Korean
based study, the association of wheeze and 7-day average UFP exposure in asthmatic and
non-asthmatic children was assessed, resulting in a greater positive association for both
outdoor UFP sources (OR= 1.46, 95% CI [0.89, 2.41]) and classroom UFPs (OR= 1.36, 95%
CI [0.5, 3.68]), though neither reached statistical significance (Kim et al. 2011). Separate
associations between coughing and wheezing and UFPs were observed in a study among
children in Australia (Clifford et al. 2018), resulting in a similar odds ratio for respiratory
symptoms (OR= 1.059, 95% CI [0.91,1.25]). This result, however, was restricted to wheeze
symptoms only. These studies were limited by sample size and exposure measurement
errors using central monitoring stations, which limit the strength of their conclusions.

In a series of commuter studies, real-time UFPs were measured during high and low

traffic routes to determine proximity to emission source as a factor in health risks and

acute inflammatory responses. Lower minute inhaled particle counts, up to 48%, were
observed in low traffic routes (Cole-Hunter et al. 2012), along with significantly lower mean
PNC exposure levels (Cole-Hunter et al. 2013). Nasopharyngeal irritation frequency was
significantly increased during high exposure routes (Cole-Hunter et al. 2012), suggesting
changes in microenvironment may predispose individuals to higher cardiorespiratory risks.

Studies in toxicology have revealed there are several pathways in the body that may be
responsible for UFP-linked adverse respiratory health effects. For example, UFPs may
trigger airway remodeling, lung inflammation, and activation and creation of oxidative stress
(Xu et al. 2013, Heidenfelder et al. 2009, Rhoden et al. 2004). Further, inhaled UFPs
preferentially deposit into alveoli within the lung (Kreyling et al. 2006) and are retained

in the airways longer than larger-sized particles (Moller et al. 2008) creating these effects.
Children are at an increased risk to the effects of UFPs and air pollution, in part, due to their
developing immune and respiratory symptoms and also differences in personal behaviors
and thus exposures when compared to adults. In this study, we attempted to mimic the
variations in time-based behaviors through personal sampling. Because UFPs have a high
degree of spatio-temporal variability (Zhu et al. 2002), there is a greater need for personal
monitoring in epidemiological-based studies. Higher UFP concentrations occur near traffic
sources, which may explain why we did not find strong associations in the current study.
Most of the children lived more than 400 m from a major roadway (92%) and the majority of
their overall sampling time was spent indoors, away from traffic sources, possibly lowering
the total amount of UFP exposure they experienced throughout the week. However, for the
time spent in transit, we were unable to ascertain participants’ proximity to high traffic areas
and whether this impacted their exposure levels.
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There are some important differences between our study and prior research that should

be considered including the age of children, our sampling design, and methods of UFP
exposure assessment. One limitation of our study was participants sampled UFPs for a total
of 3 hours per day of their own choosing, which may result in UFP exposure concentrations
that may not be representative of their typical daily exposure. Of the studies measuring

UFP exposure, average UFP concentrations were mostly higher than what was measured

in our sample, leading us to believe the participants’ daily exposure was underrepresented.
However, we did not observe significant differences in UFP exposure or time spent sampling
in each microenvironment between asthmatics and non-asthmatics, therefore it is unlikely
this limitation confounded our results. In addition, EMA questionnaires were prompted
multiple times per day, but not intentionally coordinated with UFP measurements. This

is unlikely to significantly affect our results, however, given our focus on overall weekly
exposures. Finally, our sample was size was too underpowered to determine asthma status-
specific coefficients in our ZIP models, which limited our results. However, based on

our prediction model, we observed asthmatics and non-asthmatics experience UFP-linked
respiratory effects differently, a finding that supports theories of air pollution risk on asthma
exacerbation (Orellano et al. 2017).

There were also several strengths to the study that should be noted. Most impressive was

the sampling strategy used to characterize the spatial and temporal variability of UFPs. The
use of personal sampling in this study to measure UFP exposure is a more accurate way

of determining time-based behaviors that affect exposure compared to stationary monitors
used in other studies. In addition to personal samplers, we also included Fitbit data into

our final models to assess and control for personal behavior and mobility that could affect
exposure patterns. However, the sampling monitor used in the study was only able to capture
UFPs. It is possible that other pollutants, including PM5 5, may be associated with the health
outcomes, and therefore the possibility of unmeasured confounding cannot be excluded.
However, UFPs generally do not correlate well with PMs 5 or other pollutants. For example,
in a multi-country study on the relationship between UFP and PM> 5 concentrations,
Pearson’s correlation tests revealed poor linear correlation for the cities analyzed (r=
0.07-0.53) (de Jesus et al. 2019). Differences between ambient concentrations of PM> g

and UFPs, distribution, and seasonal variability are primarily driven by source and climate
factors. UFP concentrations are driven by vehicle emissions, and PM> 5 is dominated by
secondary aerosols.

Finally, the use of EMA to capture symptoms and exposures in real-time reduced the
possibility of recall bias (Bradburn et al. 1987). EMA sampling schemes used in literature
are either event-based or time-based; several studies have observed greater validity above
traditional global questionnaires (Kamarck et al. 2007) and recall-based studies (Todd et al.
2005, van den Brink et al. 2001).

5. CONCLUSION

In the present study, we analyzed the adverse effects of weekly exposure to UFPs in
adolescents. Results show increased exposure reduces respiratory health that is further
influenced by asthma status. Specifically, we found that increased UFP exposure affects
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asthmatics and non-asthmatics differently with respect to respiratory symptoms. The results
of this study highlight the need for future research to better characterize the relationship
between UFPs and respiratory health outcomes. Current epidemiological studies on UFP-
linked health outcomes rely on stationary outdoor monitors to characterize exposures which
are unable to capture exposures from indoor sources or identify individual peaks, thus
reducing overall effect sizes. The methodology used in the current study allowed for

more precise exposure measurement of the spatiotemporal variability of UFPs, providing

a more accurate time-series evaluation of short-term exposure in adolescents. However, a
larger sample size and longer sampling times in future studies would enhance results of

the current study and identify potentially susceptible individuals requiring interventions.
Sources of UFPs are largely attributed to location and microenvironment, therefore it would
advantageous to establish source-specific respiratory health risks. Also, findings of this
study are a result of exposure across an entire week, which may have masked effects of
smaller temporal resolutions. Future analyses on exposure windows immediately preceeding
the outcomes assessed are suggested to capture short-term effects of UFPs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Funding: This work was supported by the National Institute of Environmental Health Sciences, Grant
R33ES024713. Ashley Turner was supported by the National Institute for Occupational Safety and Health through
the University of Cincinnati Education and Research Center (No. T420H008432). Thank you to the participants of
the study.

REFERENCES

Allen A, Tosun N, Carlson S, & Allen S (2018). Postpartum changes in mood and smoking-
related symptomatology: An ecological momentary assessment investigation. Nicotine & Tobacco
Research : Official Journal of the Society for Research on Nicotine and Tobacco, 20(6), 681-689.
[PubMed: 28575412]

Andersen ZJ, Loft S, Ketzel M, Stage M, Scheike T, Hermansen MN, et al. (2008). Ambient air
pollution triggers wheezing symptoms in infants. Thorax, 63(8), 710-716. [PubMed: 18267985]
Asbach C, Schmitz A, Schmidt F, Monz C, & Todea A (2017). Intercomparison of a personal CPC and

different conventional CPCs. Aerosol and Air Quality Research, 17, 1132-1141.

Asher M1, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. (1995). International study
of asthma and allergies in childhood (ISAAC): Rationale and methods. The European Respiratory
Journal, 8(3), 483-491. [PubMed: 7789502]

Babatola SS (2018). Global burden of diseases attributable to air pollution. Journal of Public Health in
Africa, 9(3), 813. [PubMed: 30687484]

Baldauf RW, Devlin RB, Gehr P, Giannelli R, Hassett-Sipple B, Jung H, et al. (2016). Ultrafine particle
metrics and research considerations: Review of the 2015 UFP workshop. International Journal of
Environmental Research and Public Health, 13(11), 1054. doi: 10.3390/ijerph13111054.

Barnett AG, Williams GM, Schwartz J, Neller AH, Best TL, Petroeschevsky AL, et al. (2005).

Air pollution and child respiratory health: A case-crossover study in australia and new zealand.
American Journal of Respiratory and Critical Care Medicine, 171(11), 1272-1278. [PubMed:
15764722]

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Turner et al.

Page 13

Beck-Speier I, Karg E, Behrendt H, Stoeger T, & Alessandrini F (2012). Ultrafine particles affect the
balance of endogenous pro- and anti-inflammatory lipid mediators in the lung: In-vitro and in-vivo
studies. Particle and Fibre Toxicology, 9, 27-8977-9-27.

Bradburn N, Rips L, & Shevell S (1987). Answering autobiographical questions: The impact of
memory and inference on surveys. Science (New York, N.Y.), 236, 157-61.

Brokamp C, Wolfe C, Lingren T, Harley J, & Ryan P (2017). Decentralized and reproducible
geocoding and characterization of community and environmental exposures for multisite studies.
Journal of the American Medical Informatics Association, 25(3), 309-314.

Brunst KJ, Ryan PH, Brokamp C, Bernstein D, Reponen T, Lockey J, et al. (2015). Timing
and duration of traffic-related air pollution exposure and the risk for childhood wheeze and
asthma. American Journal of Respiratory and Critical Care Medicine, 192(4), 421-427. [PubMed:
26106807]

Buonanno G, Marks GB, & Morawska L (2013). Health effects of daily airborne particle dose in
children: Direct association between personal dose and respiratory health effects. Environmental
Pollution (Barking, Essex : 1987), 180, 246—250.

Buonanno G, Stabile L, & Morawska L (2014). Personal exposure to ultrafine particles: The influence
of time-activity patterns. The Science of the Total Environment, 468-469, 903-907.

Cass G, Hughes L, Bhave P, Kleeman M, Allen J, & Salmon L (2000). The chemical composition
of atmospheric ultrafine particles. Philosophical Transactions of the Royal Society B: Biological
Sciences, 358

Clifford S, Mazaheri M, Salimi F, Ezz WN, Yeganeh B, Low-Choy S, et al. (2018). Effects of
exposure to ambient ultrafine particles on respiratory health and systemic inflammation in
children. Environment International, 114, 167-180. [PubMed: 29514111]

Cohen AJ, Brauer M, Burnett R, Anderson HR, Frostad J, Estep K, et al. (2017). Estimates and
25-year trends of the global burden of disease attributable to ambient air pollution: An analysis
of data from the global burden of diseases study 2015. Lancet (London, England), 389(10082),
1907-1918.

Cole-Hunter T, Morawska L, Stewart I, Jayaratne R, & Solomon C (2012). Inhaled particle counts on
bicycle commute routes of low and high proximity to motorised traffic. Atmospheric Environment,
61, 197-203.

Cole-Hunter T, Jayaratne R, Stewart |, Hadaway M, Morawska L, & Solomon C (2013). Utility of an
alternative bicycle commute route of lower proximity to motorised traffic in decreasing exposure
to ultra-fine particles, respiratory symptoms and airway inflammation — a structured exposure
experiment. Environmental Health, 12(1), 29. [PubMed: 23566176]

da Costa E Oliveira Juliana Regis, Base LH, de Abreu LC, Filho CF, Ferreira C, & Morawska L
(2019). Ultrafine particles and children’s health: Literature review. Paediatric Respiratory Reviews,
32, 73-81. [PubMed: 31427160]

de Jesus AL, Rahman MM, Mazaheri M, Thompson H, Knibbs LD, Jeong C, et al. (2019). Ultrafine
particles and PM2.5 in the air of cities around the world: Are they representative of each other?
Environment International, 129, 118-135. doi:10.1016/j.envint.2019.05.021 [PubMed: 31125731]

Delfino RJ, Quintana PJ, Floro J, Gastafiaga VM, Samimi BS, Kleinman MT, et al. (2004). Association
of FEV1 in asthmatic children with personal and microenvironmental exposure to airborne
particulate matter. Environmental Health Perspectives, 112(8), 932-941. [PubMed: 15175185]

Gong J, Zhu T, Kipen H, Wang G, Hu M, Guo Q, et al. (2014). Comparisons of ultrafine and fine
particles in their associations with biomarkers reflecting physiological pathways. Environmental
Science & Technology, 48(9), 5264-5273. [PubMed: 24666379]

Grabinski C, Methner M, Jackson J, Moore A, Flory L, Tilly T, et al. (2017). Characterization of
exposure to byproducts from firing lead free frangible ammunition in an enclosed, ventilated firing
range. Journal of Occupational and Environmental Hygiene, 14, 00-00.

He X, Son SY, James K, Yermakov M, Reponen T, McKay RT, et al. (2013). Exploring a novel
ultrafine particle counter for utilization in respiratory protection studies. Journal of Occupational
and Environmental Hygiene, 10(4), D52-4. [PubMed: 23442157]

Health Effects Institute. 2019. State of Global Air 2019. Special Report. Boston, MA: Health Effects
Institute.

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Turner et al.

Page 14

Heidenfelder BL, Reif DM, Harkema JR, Cohen Hubal EA, Hudgens EE, Bramble LA, et al.

(2009). Comparative microarray analysis and pulmonary changes in brown norway rats exposed to
ovalbumin and concentrated air particulates. Toxicological Sciences, 108(1), 207-221. [PubMed:
19176365]

Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, & King DR (1999). Development and validation of
the mini asthma quality of life questionnaire. The European Respiratory Journal, 14(1), 32-38.
[PubMed: 10489826]

Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, & King DR (1999). Development and validation of
a questionnaire to measure asthma control. The European Respiratory Journal, 14(4), 902-907.
[PubMed: 10573240]

Kamarck TW, Muldoon MF, Shiffman SS, & Sutton-Tyrrell K (2007). Experiences of demand and
control during daily life are predictors of carotid atherosclerotic progression among healthy
men. Health Psychology : Official Journal of the Division of Health Psychology, American
Psychological Association, 26(3), 324-332.

Kim JL, Elfman L, Wieslander G, Ferm M, TorA©n K, & NorbArck D (2011). Respiratory health
among korean pupils in relation to home, school and outdoor environment. Journal of Korean
Medical Science, 26(2), 166-173. [PubMed: 21286005]

Kreyling W, Semmler-Behnke M, & Moller W (2006). Health implications of nanoparticles. J
Nanoparticle Research, 8, 543-562.

Laeremans M, Dons E, Avila-Palencia I, Carrasco-Turigas G, Orjuela JP, Anaya E, et al. (2018).
Short-term effects of physical activity, air pollution and their interaction on the cardiovascular and
respiratory system. Environment International, 117, 82-90. [PubMed: 29729518]

Laeremans M, Dons E, Avila-Palencia I, Carrasco-Turigas G, Orjuela-Mendoza JP, Anaya-Boig E,
et al. (2018). Black carbon reduces the beneficial effect of physical activity on lung function.
Medicine and Science in Sports and Exercise, 50(9), 1875-1881. [PubMed: 29634643]

Lanzinger S, Schneider A, Breitner S, Stafoggia M, Erzen I, Dostal M, et al. (2016). Associations
between ultrafine and fine particles and mortality in five central european cities - results from the
UFIREG study. Environment International, 88, 44-52. [PubMed: 26708280]

Lavigne E, Donelle J, Hatzopoulou M, Van Ryswyk K, van Donkelaar A, Martin RV, et al. (2019).
Spatiotemporal variations in ambient ultrafine particles and the incidence of childhood asthma.
American Journal of Respiratory and Critical Care Medicine, 199(12), 1487-1495. [PubMed:
30785782]

Lelieveld J, Evans JS, Fnais M, Giannadaki D, & Pozzer A (2015). The contribution of outdoor air
pollution sources to premature mortality on a global scale. Nature, 525(7569), 367-371. [PubMed:
26381985]

LeMasters GK, Wilson K, Levin L, Biagini J, Ryan P, Lockey JE, et al. (2006). High prevalence
of aeroallergen sensitization among infants of atopic parents. The Journal of Pediatrics, 149(4),
505-511. [PubMed: 17011322]

Li N, Harkema JR, Lewandowski RP, Wang M, Bramble LA, Gookin GR, et al. (2010). Ambient
ultrafine particles provide a strong adjuvant effect in the secondary immune response: Implication
for traffic-related asthma flares. American Journal of Physiology.Lung Cellular and Molecular
Physiology, 299(3), L374-83. [PubMed: 20562226]

Li N, Wang M, Bramble LA, Schmitz DA, Schauer JJ, Sioutas C, et al. (2009). The adjuvant effect of
ambient particulate matter is closely reflected by the particulate oxidant potential. Environmental
Health Perspectives, 117(7), 1116-1123. [PubMed: 19654922]

Li N, Xia T, & Nel AE (2008). The role of oxidative stress in ambient particulate matter-induced lung
diseases and its implications in the toxicity of engineered nanoparticles. Free Radical Biology &
Medicine, 44(9), 1689-1699. [PubMed: 18313407]

Li YR, Feng LT, Chen BY, Kim H, Yi SM, Guo YL, et al. (2016). Association of urban particle
numbers and sources with lung function among children with asthma or allergies. The Science of
the Total Environment, 542(Pt A), 841-844. [PubMed: 26556748]

McQuoid J, Thrul J, & Ling P (2018). A geographically explicit ecological momentary assessment
(GEMA) mixed method for understanding substance use. Social Science & Medicine, 202, 89-98.
[PubMed: 29518701]

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Turner et al.

Page 15

Miller MR, Crapo R, Hankinson J, Brusasco V, Burgos F, Casaburi R, et al. (2005). General
considerations for lung function testing. The European Respiratory Journal, 26(1), 153-161.
[PubMed: 15994402]

Moller W, Felten K, Sommerer K, Scheuch G, Meyer G, Meyer P, et al. (2008). Deposition, retention,
and translocation of ultrafine particles from the central airways and lung periphery. American
Journal of Respiratory and Critical Care Medicine, 177(4), 426-432. [PubMed: 17932382]

Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. (2004). Development of
the asthma control test: A survey for assessing asthma control. Journal of Allergy and Clinical
Immunology, 113(1), 59-65.

Oberddrster G, Maynard A, Donaldson K, Castranova V, Fitzpatrick J, Ausman K, et al. (2005).
Principles for characterising the potential human health effects from exposure to nanomaterials:
Elements of a screening strategy. Particle and Fibre Toxicology, 2, 8. [PubMed: 16209704]

O’Connor SG, Habre R, Bastain TM, Toledo-Corral CM, Gilliland FD, Eckel SP, et al. (2019). Within-
subject effects of environmental and social stressors on pre- and post-partum obesity-related
biobehavioral responses in low-income hispanic women: Protocol of an intensive longitudinal
study. BMC Public Health, 19(1), 253-019-6583-x.

Orellano P, Quaranta N, Reynoso J, Balbi B, & Vasquez J (2017). Effect of outdoor air pollution on
asthma exacerbations in children and adults: Systematic review and multilevel meta-analysis. PloS
One, 12(3), e0174050. [PubMed: 28319180]

Peel JL, Tolbert PE, Klein M, Metzger KB, Flanders WD, Todd K, et al. (2005). Ambient air pollution
and respiratory emergency department visits. Epidemiology (Cambridge, Mass.), 16(2), 164-174.

Pekkanen J, Timonen KL, Ruuskanen J, Reponen A, & Mirme A (1997). Effects of ultrafine and
fine particles in urban air on peak expiratory flow among children with asthmatic symptoms.
Environmental Research, 74(1), 24-33. [PubMed: 9339211]

Puustinen A, Hameri K, Pekkanen J, Kulmala M, de Hartog J, Meliefste K, et al. (2007). Spatial
variation of particle number and mass over four european cities. Atmospheric Environment,
41(31), 6622-6636.

Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al. (2012). Multi-ethnic reference
values for spirometry for the 3-95-yr age range: The global lung function 2012 equations. The
European Respiratory Journal, 40(6), 1324-1343. [PubMed: 22743675]

Rhoden CR, Lawrence J, Godleski JJ, & Gonzalez-Flecha B (2004). N-acetylcysteine prevents
lung inflammation after short-term inhalation exposure to concentrated ambient particles data
presented in part at the annual meeting of the american thoracic society 2003, seattle, washington.
Toxicological Sciences, 79(2), 296-303. [PubMed: 15056806]

Ryan PH, LeMasters G, Biagini J, Bernstein D, Grinshpun SA, Shukla R, et al. (2005). Is it traffic
type, volume, or distance? wheezing in infants living near truck and bus traffic. The Journal of
Allergy and Clinical Immunology, 116(2), 279-284. [PubMed: 16083780]

Ryan PH, Lemasters GK, Biswas P, Levin L, Hu S, Lindsey M, et al. (2007). A comparison of
proximity and land use regression traffic exposure models and wheezing in infants. Environmental
Health Perspectives, 115(2), 278-284. [PubMed: 17384778]

Ryan PH, Son SY, Wolfe C, Lockey J, Brokamp C, & LeMasters G (2015). A field application of a
personal sensor for ultrafine particle exposure in children. Science of the Total Environment, 508,
366-373. doi:10.1016/j.scitotenv.2014.11.061

Shiffman S, Stone AA, & Hufford MR (2008). Ecological momentary assessment. Annual Review of
Clinical Psychology, 4, 1-32.

Strak M, Boogaard H, Meliefste K, Oldenwening M, Zuurbier M, Brunekreef B, et al. (2010).
Respiratory health effects of ultrafine and fine particle exposure in cyclists. Occupational and
Environmental Medicine, 67(2), 118-124. [PubMed: 19773283]

Tiittanen P, Timonen KL, Ruuskanen J, Mirme A, & Pekkanen J (1999). Fine particulate air pollution,
resuspended road dust and respiratory health among symptomatic children. The European
Respiratory Journal, 13(2), 266-273. [PubMed: 10065666]

Todd M, Armeli S, Tennen H, Carney MA, Ball SA, Kranzler HR, et al. (2005). Drinking to cope:

A comparison of questionnaire and electronic diary reports. Journal of Studies on Alcohol, 66(1),
121-129. [PubMed: 15830912]

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Turner et al.

Page 16

van den Brink M, Bandell-Hoekstra EN, & Abu-Saad HH (2001). The occurrence of recall bias
in pediatric headache: A comparison of questionnaire and diary data. Headache, 41(1), 11-20.
[PubMed: 11168599]

Vuong Q (1989). Likelihood ratio tests for model selection and non-nested hypotheses. Econometrica,
57, 307-33.

Xu X, Jiang SY, Wang T, Bai Y, Zhong M, Wang A, et al. (2013). Inflammatory response to fine
particulate air pollution exposure: Neutrophil versus monocyte. Plos One, 8(8), e71414. [PubMed:
23951156]

Zhang KM, Wexler A, Zhu Y, & Hinds W (2004). Evolution of particle number distribution near
roadways. part Il: The ‘road-to-ambient’ process. Atmospheric Environment, 38, 6655-6665.

Zhu Y, Hinds W, Kim S, & Si S (2002). Study of ultrafine particles near a major highway with
heavy-duty diesel traffic. Atmospheric Environment, 36, 4323-4335.

Environ Int. Author manuscript; available in PMC 2022 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Turner et al.

Page 17

Highlights:

Ultrafine particles (UFP) cause respiratory health effects including
exacerbation of existing asthma due to their size, composition, and respiratory
deposition

During a one-week sampling campaign, adolescents with and without asthma
completed personal UFP monitoring. Respiratory symptoms were reported
using ecological momentary assessment and validated questionnaires. Lung
function was measured at the completion of the sampling following ATS/ERS
criteria.

Median weekly exposure to ultrafine particles was not associated with lung
function after covariate adjustment

Median weekly UFP exposure was associated with an increased risk for
respiratory symptoms among adolescents with asthma
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Figure 1.

Directed acyclic graph representation of confounding pathways. Covariates identified in
graph were used in fully adjusted models. Genetics: ancestor of outcome.
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Figure 2.

Plots of unadjusted association between lung function outcomes (percent predicted values)
and median UFPs (particles/cm3). Each blue line represents regression coefficient for entire
sample. The shadow bars represent 95% confidence intervals. FEV{, forced expiratory
volume in 1 s; FVC, forced vital capacity; FEF,5_7504, average expiratory flow between 25
and 75% of FVC; FEV/FVC Ratio, FEV as percentage of FVC.
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Prediction plot of the effect of UFPs (particles/cm?3) on total number of weekly symptoms;
Median levels of covariates were used to create an average asthmatic and non-asthmatic
adolescent from sample.
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Table 1.

Characteristics of the ECOMAPPE Study Population

Characteristic

All Participants (n = 117)

Asthmatic (n=49)

Non-asthmatic (n=68)

Excluding Cough

p
Age 15.4 (1.2) 15.6 (1.3) 15.2 (1.2) 0.11
Sex, n (%) 0.22
Male 52 (44.4) 18 (36.7) 34 (50.0)
Female 65 (55.6) 31(63.3) 34 (50.0)
Race, n (%) 0.11
White 87 (74.4) 32(65.3) 55 (80.9)
Black 21 (17.9) 13 (26.5) 8(11.8)
Mixed 9(7.7) 4(8.2) 5(7.4)
Household Income, n (%) 0.02
< 10,000 2(1.9) 2(4.3)
10,000 — 19,999 2(1.9) 2(4.3)
20,000 - 29,999 4(3.7) 3(6.4) 1(1.6)
30,000 — 39,999 7(6.5) 3(6.4) 4(6.6)
40,000 — 49,999 7(6.5) 6 (12.8) 1(1.6)
50,000 — 69,999 13 (12.0) 8(17.0) 5(8.2)
70,000 — 89,999 8(7.4) 2(4.3) 6(9.8)
90,000 — 109,999 12 (11.1) 2(4.3) 10 (16.4)
Over 110,000 51 (47.2) 19 (40.4) 32 (52.5)
Distance to Nearest Major Roadway, n (%) 0.61
<400m 9(7.7) 5(10.2) 4(5.9)
> 400 m 108 (92.3) 44 (89.8) 64 (94.1)
Percent Predicted Lung Function, mean (SD)
FEV, 102 (13) 102 (12) 103 (14) 0.85
FvC 108 (13) 109 (12) 106 (14) 0.30
FEFy5 7505 96 (24) 91 (23) 99 (25) 0.13
FEV,/FVC 95 (7) 93 (7) 96 (7) 0.08
Respiratory Symptoms, mean (SD)
Total # of Symptoms 2.0 (4.0) 3.3(5.5) 1.1(2.0) 0.01
Total # of Symptoms 0.80 (2.3) 1.7 (3.4) 0.20 (0.55) 0.004

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FEF25_7504, average expiratory flow between 25 and 75% of FVC;
FEV1/FVC Ratio, FEV1 as percentage of FVC; Values are mean (SD) or n (%); Age in years

*
p values represent significant differences between asthmatic and non-asthmatic groups determined by two-sample t test
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Table 2.

Summary of Weekly Median Ultrafine Particle Exposures

Mean (SD) | 15t Quartile | Median (range) 3rd Quartile
Entire Sample | 6792 (7358) 2720 | 4340 (351, 58300) 8740
Non-asthmatic | 6716 (8524) 2555 | 4210 (351, 58300) 7423
Asthmatic 6898 (5420) 3130 | 4660 (584, 26800) 10400

Values are UFP PNC (particle number concentration) in particles/cm3; Non-asthmatic n = 68; Asthmatic n = 49.
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Association between Median Weekly UFP Exposure and Lung Function

Table 3.

Estimate 95% C)* | P | Estimate (95% c1y? | P
FEV, ~0.01 (-0.08,006) | 0.74 | -0.03(-0.10,0.04) | 0.38
FVC 0.03(-005,011) | 047 | 002(-0.06,009) | 0.68
FEFps 755 0.03(-0.18,011) | 0.66 | -0.08(-021,0.06) | 0.26
FEV,/FVC Ratio | ~0.03 (-0.07,002) | 023 | -0.03(-008,001) | 0.09
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P expressed as change in estimate per 10 p/cc. FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FEF25_7504, average expiratory

flow between 25 and 75% of FVC; FEV1/FVC Ratio, FEV1 as percentage of FVC; PM, particulate matter.

1. . .
Adjusted for distance to nearest roadway, average total steps per day, and season.

ZUnadjusted model.
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