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BACKGROUND

The risk for cardiovascular events increases within hours of near-
roadway exposures. We aimed to determine the traffic-related air
pollution (TRAP) and biological mechanisms involved and if reducing
particulate matter <2.5 um (PM, ;) inhalation is protective.

METHODS

Fifty healthy-adults underwent multiple 2-hour near-roadway
exposures (Tuesdays to Fridays) in Ann Arbor during 2 separate weeks
(randomized to wear an N95 respirator during 1 week). Monday both
weeks, participants rested 2 hours in an exam room (once wearing an
N95 respirator). Brachial blood pressure, aortic hemodynamics, and
heart rate variability were repeatedly measured during exposures.
Endothelial function (reactive hyperemia index [RHI]) was measured
post-exposures (Thursdays). Black carbon (BC), total particle count (PC),
PM, 5, noise and temperature were measured throughout exposures.

RESULTS

PM, (9.3 7.7 pg/m?3), BC (1.3 £ 0.6 ug/m?3), PC (8,375 + 4,930 particles/
cm?) and noise (69.2 + 4.2 dB) were higher (P values <0.01) and aortic
hemodynamic parameters trended worse while near-roadway (P

Fine particulate matter <2.5 pm (PM, ) air pollution is a
leading cause of global morbidity and mortality.!~* The largest
portion of deaths is from cardiovascular disease (CVD).*>
Although air quality has improved across the United States,
billions of people living in developing nations (e.g., China,
India) continue to face extraordinarily high PM, ; levels.!-
Even in North America many individuals remain highly
exposed, with traffic-related air pollution (TRAP) being
one of the major sources.>%” The average American spends
nearly an hour every day driving and roughly one-fifth of
households are located near a high-volume roadway.5-
Residing in close proximity to roadways promotes CVD
events and chronic cardio-metabolic conditions (e.g., hy-
pertension).”1%!! Even brief exposure to traffic dramatically

values<0.15vs.exam room).Other outcomes were unchanged. Aortic he-
modynamics trended towards improvements with N95 respirator usage
while near-roadway (P values<0.15 vs. no-use), whereas other outcomes
remained unaffected. Higher near-roadway PC and BC exposures
were associated with increases in aortic augmentation pressures (P
values<0.05) and trends toward lower RHI (P values <0.2). N95 respirator
usage did not mitigate these adverse responses (nonsignificant pollu-
tant-respirator interactions). Near-roadway outdoor-temperature and
noise were also associated with cardiovascular changes.

CONCLUSIONS

Exposure to real-world combustion-derived particulates in TRAP, even at
relatively low concentrations, acutely worsened aortic hemodynamics.
Our mixed findings regarding the health benefits of wearing N95
respirators support that further studies are needed to validate if they
adequately protect against TRAP given their growing worldwide usage.
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(~3-fold) increases the risk for CVD events within a few
hours.!*-13 Traffic exposure is the single most important
trigger of acute myocardial infarctions from a global public
health standpoint.!* Although TRAP is likely involved, the
specific pollutants responsible, such as fresh combustion-
derived particulates including black carbon (BC) and total
particle count (PC) (driven mostly by ultrafine nanopar-
ticle concentrations), vs. other factors (e.g., noises) remain
to be clarified.!>-2! Several biological mechanisms have been
described (e.g., vascular dysfunction, autonomic imbal-
ance)>?%-2%; however, the relevant physiological perturbations
that occur during the actual exposure period have yet to be
tully elucidated. We and others have identified pollution-
induced elevations in blood pressure (BP) and worsened
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aortic hemodynamic indices as prime candidates.®>16:17:20-25
Thus far, most studies have evaluated health responses only
after exposures to TRAP and/or were limited by confounding
activity (e.g., walking) or the stress of driving/riding in
traffic.26-%¢ Finally, given the fact that billions of people are
exposed to TRAP on a daily basis; practical approaches to re-
duce the associated CVD risk are critically important.’” One
feasible intervention is to wear an N95 respirator. Their use
has shown to help mitigate adverse health responses due to
air pollution, but as of yet only in heavily polluted locations
(e.g., China).3¥-4! No study has tested their efficacy in near-
roadway settings typical for North America, nor used them
as a strategy to assess the importance of particulate vs. other
near-roadway factors in mediating adverse health responses.
Here, we aimed to address each of these issues.

METHODS

The protocol was designed to evaluate the effect of N95
respirator use vs. no-use during near-roadway exposures
on brachial systolic BP level (primary outcome). The study
was approved by the institutional review board of the
University of Michigan and all participants signed a written
informed consent during screening visit. Inclusion criteria
were nonsmoking adults living in nonsmoking households
aged 18-65 years without CVD or risk factors including
prior diagnosis of hypertension (and with a screening visit
BP <140/90 mm), diabetes mellitus or treated hyperlipi-
demia. Body mass index was calculated from height and
weight. Subjects were excluded if taking routine medica-
tion that affects BP or could impact responsivity to ex-
posure (e.g., cholesterol or BP-lowering drug, fish oil,
anti-oxidant, folate).

Fifty participants enrolled into the randomized sin-
gle-blind crossover study (Figure 1). Briefly, each participant
underwent up to 5 study visits (Monday to Friday) on 2 sep-
arate weeks. During the first study week, participants were
randomized to wear (active) vs. not-wear (control) an N95
respirator during each visit and they crossed-over to the al-
ternate intervention during the second week. On Monday
from 8 to 10 aM of both weeks (visit 1), participants rested
seated 2 hours in a clean indoor exam room (wearing an N95
respirator during one of the weeks). On Tuesdays through
Fridays (visits 2-5), scripted 2-hour (8-10 AM) near-roadway
exposures (<25 m from US-23 in Ann Arbor, Michigan)
were conducted. Study health outcomes were measured in
the same manner throughout all visits 1-5 while participants
remained seated quietly with no activity. After completing
the first week, participants crossed-over to repeat visits 1-5
with the alternative intervention (active vs. control). There
were up to 2 clean-room and 8 near-roadway exposure visits
(up to 10 study visits in total) per participant (Figure 1).

A sham facemask was not used as a control intervention
because they reduce particle inhalation by an unreliable and
inconsistent amount and can be easily differentiated from a
real N95 respirator. To assess for a possible effect of wearing
the N95 respirator per se on study outcomes, we evaluated
for favorable (placebo) or unfavorable (nocebo) responses
in each participant. This was accomplished in our design
by including visit 1 during each study week. We planned to

account for each participant’s visit-1 health responses (i.e.,
health outcome differences between wearing vs. not-wearing
the respirator while seated in an indoor clean exam room) in
statistical models; however, no significant effects were found
(online supplement, Supplementary Table 1). There were no
differences in results when included in analyses, thus these
responses were not included in our final models.

Cardiovascular outcomes

Brachial BP, aortic hemodynamics, and heart rate varia-
bility metrics were measured throughout all visits. BP and
aortic hemodynamic parameters (aortic systolic BP, pulse
pressure, augmentation pressure (AP) and augmentation
index at a heart rate of 75 [AIx@75]) were measured every 10
minutes using an OSCAR-2 BP monitor with SphygmoCor-
inside and the XCEL PWA system (Atcor Medical, Sydney).
Continuous electrocardiogram monitoring was performed
using a Spacelabs evo Holter system. The heart rate variability
metrics including standard deviation of normal-to-normal
intervals, high and low frequency domains were analyzed by
the Pathfinder system (Spacelabs Healthcare, Snoqualmie
WA). Immediately post-exposures on Thursdays (visit 4),
seated microvascular endothelial-dependent vasodilatation
(reactive hyperemia index [RHI]) was measured on the right
index finger using the commercially available EndoPAT
system using the standardized methodology described by
the manufacturer (Itamar Medical, Caesarea, Israel). RHI
was calculated automatically by the device and also manu-
ally measured from 90 to 120 seconds after reactive hyper-
emia (RHIy, ;,)-

Environmental exposures

BC, PC ranging from 20 to 1,000 nm in diameter, PM, ;
mass, noise intensity and ambient temperature levels were
measured at the near-roadway site throughout all 2-hour
exposures. They were also measured in the exam room on
representative occasions. Methodological details are pro-
vided in Supplementary Figure 1.

N95-respirator

We used a commercially available N95 respirator validated
by the National Institutes of Occupational Safety and health
(NIOSH). Participants wore a new Dettol SiTi shield
Protect Plus Smart Mask (https://www.dettolsitishield.co.in/
products/smart-mask/) of the correct facial size throughout
each 2-hour exposure period as designated by the study pro-
tocol (RB, Slough, UK). The respirator has a one-way exha-
lation valve and a micro-fan, which was active throughout
exposures to lessen the buildup of heat, moister, and CO,
inside the respirator in the breathing zone. The participants
were instructed prior to exposures on the proper protocol
for wearing the respirator with an air-tight facial seal.

Statistical methods

Summary statistics were computed for continuous meas-
ures as mean + standard deviation, as well as minimum and
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Week Visit 1 (Mon) Visit 2 (Tues) Visit 3 (Wed) Visit 4 (Thurs) Visit 5 (Friday)
Study week 1*
Location In-exam room Near-roadway Near-roadway Near-roadway Near-roadway
Health outcomes
ABPM, HRVt X X X X X
RHI X
Exposure monitoring® xb X X X X
WASH-OUT AND CROSS-OVER
Study week 2*
Location In-exam room Near-roadway Near-roadway Near-roadway Near-roadway
Health outcomes
ABPM, HRVt X X X X X
RHIF X
Exposure monitoring® xb X X X X
Number of exposures Number of
completed in total participants
10 19
9 11
8 9
6 5
5 1
4 2
2 3

Figure 1. Study protocol flow diagram. The figure is a flow diagram of the randomized single-blind crossover protocol design. The study was conducted
during warm months (May to October) 2017-2018 to avoid exposures to excessively cold temperatures. Visits were canceled on case-by-case basis due
to inclement weather (excessive cold, storms) at discretion of investigators. Participants were fasting =8 hours prior to visits which each lasted 2-hours
(8 to 10 Am). Participants remained seated in a chair without talking or activity throughout all visits. The near-roadway site was a commuter parking
lot (https://www.theride.org/Services/Commuter-Services/Park-Ride/Plymouth-Rd-Park-Ride-Lot) located near to over-pass of Plymouth Road (4-lane
roadway) and US-23 (4-lane freeway) in Northeast Ann Arbor, Michigan. The geocode is: 42°18"18.1"N 83°41'16.7""W (42.305060, —83.687976). During
scripted near-roadway exposures (visits 2-5) participants sat at the south-west corner of the lot within 25 m of south-bound US-23. The study exam
room was in the Preventive Cardiology outpatient clinics of Michigan Medicine located at Domino’s Farms Lobby A (<0.5 km from the near-roadway
site). At the near-roadway exposure site (n = 312), we performed continuous measurements (8-10 Am) of fine particulate matter (PM, ;) mass, particle
count (PC), black carbon (BC), outdoor ambient temperature and noise intensity (dB). PM, s mass and ambient temperature were measured by a per-
sonal particulate monitor (Thermo Scientific, pDR-1500). PC was measured by a portable condensation particle counter (TSI, P-TRAK, http://www.tsi.
com/p-trak-ultrafine-particle-counter-8525/). Noise intensity (20-140 dB range) was determined by an Optimus sound level meter (OHD, 161B https://
afcintl.com/wp-content/uploads/docs/OHD%20pdfs/optimusred.pdf). BC was measured by a micro-aethalometer (MicroAeth, AE51, https://aethlabs.
com/). "Exposures were measured on several representative days (n = 13) in the exam room due to the stability of parameters and lack of need to repeat
monitoring given the indoor clean air patient exam room environment. *Participants were randomized to open-label usage of wearing vs. not-wearing
an N95 respirator during all visits (1-5) of each week. For example, if participant #1 did not wear the respirator week 1 then they would crossover to wear
it during week 2. We enrolled 2 participants to be exposed concomitantly during each week. Participants were block randomized in the opposite inter-
vention ordering. One participant wore the respirator whereas the other participant undergoing concomitant exposures did not wear it. They would then
crossover together to the alternate intervention type. This assured that exposures were nearly identical for the wearing vs. not-wearing the respirator
periods. Minor nonsignificant exposure differences occurred due to small unbalances in the enrollment when only one participant missed visits during a
study week. Typically, the study was completed over 2 weeks in a row (separated by a weekend washout period). Rarely, there was a 1- to 2-week washout
between study weeks for logistical reasons. TABPM (ambulatory blood pressure monitoring) was performed using the OSCAR-2 with SphygmoCor-inside
(Atcor Medical, Sydney; https://atcormedical.com/). The ABPM monitor was positioned on the left upper arm of each participant and measured brachial
BP and central aortic hemodynamics from 8 to 10 am every 10-minutes (average of 9 readings per participant each visit). HRV (heart rate variability) met-
rics were analyzed from continuous electrocardiogram monitoring data using a Spacelabs evo Holter system. Standard deviation of normal-to-normal
intervals (SDNN), high frequency (HF), and low (LF) frequency HRV metrics were analyzed using the Pathfinder software system (Spacelabs Healthcare,
Snoqualmie, WA). $RHI (reactive hyperemia index) was performed using the EndoPAT2000 system (http://www.itamar-medical.com/endopat-main/).
Standard protocol was followed per manufacturer directions.

maximum values, and for categorical variables as frequency
and proportion (%). The ranges of continuous measures were
reported as well. We analyzed the associations of longitudinal
health measurements (e.g., systolic BP) repetitively obtained
and exposure parameters (e.g., categorical near-roadway
site, BC) using mixed-effect models. Random effects were
included to account for within subject correlations. Models
were adjusted for a priori determined covariates (patient age,
sex, and body mass index). Model diagnostics revealed rea-
sonable model fits in most cases. Details regarding the in-
dividual models are provided in the footnotes of each table.
The primary outcome of the study was the difference in bra-
chial systolic BP during near-roadway exposures between
the active and control intervention limbs given a crossover
study design. A priori estimations based upon our prior
studies supported that our trial had 90% power to detect
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a group difference of between 2.0 and 3.0 mm Hg systolic
BP (depending upon repeated BP correlations). All other
outcomes were considered secondary endpoints. Statistical
significance was defined as P values <0.05. We defined
trends in statistical results as P values <0.15 in order to high-
light certain responses that followed cohesive physiological
patterns. Analyses were performed using the statistical soft-
ware package R (version 3.2.5).

RESULTS

Study participants were young (mean age: 36 + 14 years),
healthy and normotensive (mean BP: 120.0/75.9 + 13.4/9.4
mm Hg) (Table 1). Environmental exposures, except for am-
bient temperature, were significantly higher near-roadway
(all visits 2-5) compared to in the exam room (visit 1
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Table 1. Participant characteristics?

Mean (SD) Min Max
Demographics (N = 50)
Age (years) 36 (14) 19 64
Female (%) 36 (72)
BMI (kg/m?) 26.1 (4.7) 19.1 39.7
Blood pressures (N = 50)
SBP (mm Hg) 120.0 (13.4) 96 158
Diastolic BP (mm Hg) 75.9 (9.4) 56 104
Heart rate (beats/minute) 67.6 (10.2) 49 96
Central aortic blood pressures (N = 49)
Aorticsgp (Mm Hg) 111.4 (12.6) 89 145
Aorticpe (mm Hg) 34.0 (5.8) 23 56
Aorticyp (mMm Hg) 11.2 (6.1) 0 36
AlX@75 (%) 271 (12.2) -4 58
Heart rate variability (N = 50)
SDNN (ms) 89.0 (43.0) 41.9 247.7
LF (ms?) 3,007 (5,312) 0.02 24,877
HF (ms?) 1,444 (2,124) 0.04 9,129
LF/HF 2.6 (1.7) 0.42 7.9
Endothelial function (N = 35)°
RHI (%) 0.5(0.4 0.01 1.6
RHlgg_120 (%) 0.34 6.0

Abbreviations: Alx@75, augmentation index at a heart rate of 75 beats/minute; AP, augmentation pressure; BMI, body mass index; BP, blood
pressure; HF, high frequency power; LF, low frequency power; max, maximum value; min, minimum value; PP, pulse pressure; RHI, reactive
hyperemia index; RHI90_120, reactive hyperemia index from 90 to 120 seconds after cuff release; SBP, systolic blood pressure; SD, standard

deviation; SDNN, standard deviation of normal-to-normal intervals.
aValues calculated from visit 1 data while not wearing a respirator.

®RHI summary statistics are provided for visit 4-without use of N95 respirator.

periods) (Table 2). There were no differences in exposure
levels between intervention weeks (i.e., N95 respirator use
vs. no-use) while near-roadway. Several exposure conditions
and TRAP components, notably fresh combustion-derived
particulates (PC and BC), were modestly inter-correlated
while near-roadway (Figure 2).

The near-roadway period (all visits 2-5) was not associ-
ated with significant changes in brachial BP or other car-
diovascular outcomes when compared categorically to the
visits when participants rested in the exam room (visit 1
periods) (Table 3). However, aortic,, and aortic,, levels
trended higher during near-roadway exposures. Table 4
demonstrates the associations between exposure aspects
while near-roadway (all visits 2-5) and changes in health
outcomes. Higher BC exposures were associated with sig-
nificant increases in aortic,, and AIx@75 levels. Higher
PC exposures were associated with significant increases
in aortic,p, Higher BC and PC exposures showed trends
towards lower RHI values. Louder noise levels trended
to be associated with changes in several outcomes; while
colder temperatures were associated with a worsening of
many outcomes.

Wearing an N95 respirator while in the exam room
did not induce changes in the health outcomes evaluated
in our study, indicating a lack of a significant placebo
or nocebo effect (Supplementary Table 1). The effects
of wearing an N95 respirator on brachial BP and cardi-
ovascular outcomes during near-roadway exposures are
shown in Table 5. There were no significant differences;
however, aortic,p, and AIx@75 levels trended lower. Given
this finding and the fact that higher BC and PC exposures
were both associated with worse aortic hemodynamics
(i.e., the most likely responsible TRAP components)
(Table 3), we further evaluated if wearing an N95 respi-
rator modifies their adverse effects (i.e., supports a pro-
tective action). Supplementary Table 2 shows that there
was no evidence for effect modification (nonsignificant
interaction terms) of wearing an N95 respirator while
near-roadway on the associations of BC and PC exposures
with aortic hemodynamic changes. There was also no
effect modification of the categorical impact of near-
roadway exposures compared to being in the exam room
on outcomes by wearing N95 respirators while near-
roadway (Supplementary Table 3).
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Table 2. Environmental exposures
Near-roadway exposures (visits 2-5) Exam room (visit 1)

Number of observations 156 156 312 13

Exposure variables N95 respirator No respirator P All visits All visits P value**
Mean (SD) [min—-max] Mean (SD) [min—-max] value* Mean (SD) [min—max] Mean (SD) [min—max]

Temperature (°C) 22.4 (4.9) 22.4 (4.9) 0.98 224 (4.9) 23.3 (2.0) 0.63
[7.5-33.2] [7.5-33.2] [7.5-33.2] [19.7-25.4]

PM, 5 (ug/m?3) 9.2 (7.6) 9.3 (7.8) 0.94 9.3(7.7) 1.5(1.2) 0.003
[042.1] [0-42.1] [0-42.1] [0-3.3]

Black carbon (ug/m?3) 1.3 (0.6) 1.3 (0.6) 0.99 1.3(0.6) 0.2 (0.1) <0.001
[0.3-3.2] [0.3-3.2] [0.3-3.2] [0.1-0.6]

Particle count (particles/ 8,365 (4,895) 8,384 (4,979) 0.86 8,375 (4,930) 1,597 (1,663) <0.001

cm?®) [1,256-24,353] [1,214-24,353] [1,214-24,353] [458-6,021]

Sound level (dB) 69.2 (4.2) 69.2 (4.2) 0.97 69.2(4.2) 54.0 (5.4) <0.001
[66.7-74.3] [66.7—74.3] [66.7—74.3] [50.3-71.4]

Relative humidity (%) 54.1 (15.0) 54.3 (14.8) 0.97 54.3(14.8) 36.3 (10.3) 0.008
[8.0-84.7] [8.0-84.7] [8.0-84.7] [23.6-47.4]

Abbreviations: max, maximum value; min, minimum value; PM2.5, fine particulate matter < 2.5 um; SD, standard deviation.

*Comparison between wearing vs. not wearing N95 respirator during roadway exposure blocks (visits 2-5) evaluated using linear mixed
model with a patient-level random intercept when needed to account for within-patient correlation of environmental exposures (e.g., correlation
due to day or season of observation) and with linear model otherwise; P value represents that of the N95 respirator main effect.

**Comparison between exam room (visit 1) vs. all roadway exposures days (visits 2—5) evaluated using linear mixed model with a patient-
level random intercept when needed to account for within-patient correlation of environmental exposures (e.g., correlation due to day or season
of observation) and with linear model otherwise; P value represents that of the roadway exposure main effect.
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Figure 2. Correlations of environmental exposure parameters while
near-roadway. The estimated correlation coefficient for each pairwise
correlation is provided. Blue shading represents statistically significant
positive correlations (P < 0.05); red shading represents statistically signif-
icant negative correlations (P < 0.05). White boxes represent correlations
that are not statistically significant.

DISCUSSION

Exposure to traffic increases the risk for CVD events over
the ensuing few hours.!*-!* Several factors including TRAP,
noise, and temperature extremes could be responsible.!>2!
We investigated for the first time the effects of each of these
exposures on relevant cardiovascular outcomes while resting
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near-roadway as well as the protective action of wearing an
N95 respirator. The sum effect of being in a near-roadway
environment did not worsen brachial BP or other cardio-
vascular outcomes. This may be due to the fact that TRAP
levels were relatively low, albeit in a typical range for North
American near-roadway sites.”1011:2829:32-36 Tt js possible
that if BC and PC concentrations were higher, BP elevations
would have occurred as we previously reported.?*> The
participants were healthy and may have been resistant to
the health effects of TRAP. In addition, opposing actions of
warmer outdoor ambient temperatures during the predom-
inately summer months of this study may have countered
the effects of TRAP** Nevertheless, we observed that
higher exposures to PC and BC were independently asso-
ciated with the worsening of several aortic hemodynamic
parameters. Finally, we observed mixed results regarding
the protection afforded by N95 respirators. Although aortic
hemodynamics trended better with their usage while near-
roadway, the adverse effects of BC and PC exposures did not
appear to be mitigated.

Clinical relevance

Traffic accounts for the triggering of more CVD events
than any other factor worldwide.!* Our results corrobo-
rate that air pollutants (e.g., diesel exhaust) can increase
aortic BP levels.#*~*8 We previously observed that expo-
sure to ambient BC at high levels in Beijing is associated
with an acute worsening of aortic hemodynamics.* Several
mechanisms may be responsible including arterial stiffening
or heightened reflected pressure waves due arteriole vaso-
constriction (albeit not robust enough to raise brachial BP
in this study). Systemic inflammation induced by the inha-
lation of nanoparticles (BC and PC) leading to “functional”
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arterial stiffening is a plausible culprit.#* Although vas-
cular dysfunction and sympathetic activation could elicit
similar responses, no changes in heart rate variability and
only trends to lower RHI were herein observed—making
these pathways less likely. Regardless of the underlying
mechanism(s), our results support that “real-world”
combustion-derived TRAP constituents (BC and PC),
even at relatively low levels typical for North America, can
acutely impact aortic hemodynamics in a manner linked to
aworse CVD prognosis.*>*® Indeed, these changes could in-
crease myocardial strain/oxygen demand or trigger insta-
bility of atherosclerotic plaques and thus prompt ischemic
events in susceptible individuals.

Near-roadway factors responsible for eliciting
cardiovascular effects

Several environmental factors including TRAP, noise,
and temperature extremes could be responsible for the
triggering of CVD events.!2! We showed that colder am-
bient temperatures promote a host of adverse responses (as is
well-known).!¢ It is thus important to control for temperature
levels in studies (as we herein did); however, cold itself cannot
entirely explain the numerous epidemiological associations
between traffic and CVD.>71214 A growing science is also
attempting to disentangle the mutual health effects of TRAP
from noise.!”-2152 Although our results only showed trends
for effects, they were generally supportive that roadway noise
promotes adverse responses. The study was not designed to
evaluate for independent health effects of noise and was thus
likely underpowered in this regard.

A growing literature shows that fresh combustion-derived
particulates are harmful to cardiovascular health.!>>3-5
These particles are mostly in the nanometer size range (<100
nm) and tend to be enriched in surface chemicals (e.g.,
metals, hydrocarbons) capable of provoking oxidative stress
and inflammation upon inhalation. Both BC and PC are
markers of combustion-derived particulates and their levels
are often interrelated near-roadways as they are determined
largely by ultrafine (nanoparticle) concentrations and de-
rived from similar sources (e.g., diesel emissions).” Hence,
our findings add further evidence supporting a pathological
role for combustion-derived nano-particulates within TRAP
in promoting adverse cardiovascular responses. Conversely,
we did not observe health effects associated with PM, . mass.
This is not surprising given our study design. PM, ; mass is
less indicative of fresh roadway pollutants and more affected
by secondary aerosols from regional sources given that it pri-
marily reflects larger particles 1-2.5 pm in diameter. Finally,
we were limited by a lack of on-site gaseous pollutant (e.g.,
NO,) measurements, thus a potential for missing their inde-
pendent effects cannot be ruled out. However, prior human
studies support that most of the acute cardiovascular effects
of TRAP are due to the particulate phase.>>*® Exposures
to high levels of NO, as well as to gaseous diesel exhaust
(without particles) did not trigger the adverse responses
observed when particulates were present.”” Although an-
imal studies suggest that some gases might pose CVD risk,>
our findings support that nanoparticles are likely principally
implicated. More studies are warranted to determine the
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independent (or additive/synergist) cardiovascular effects
gaseous pollutants (e.g., NO,).

N95-respirators and personal-approaches to reduce
exposures

Billions of people are exposed to TRAP every day. We have
made emphatic calls for studying the benefits of personal-
interventions against air pollutants.>?*37 N95 respirators
are one viable strategy—particularly for highly polluted
locations. Several studies in China have shown that they
can mitigate adverse cardiovascular responses to ambient
air pollution exposure.*-#! However, this is the first study to
test their efficacy in a near-roadway environment typical for
North America (less severely polluted than Asia) and faced
by tens of millions of people daily.

Our findings regarding the protective effects of N95
respirators are mixed. Aortic,, and AIx@75 showed trends
toward improvements while wearing them near-roadway.
Conversely, higher BC and PC exposures remained associ-
ated with adverse aortic hemodynamic changes regardless
of N95 respirator usage. We believe caution is warranted in
interpreting these findings given that they were secondary
outcomes. Our study was powered to determine differences
in brachial BP while wearing vs. not-wearing N95 respirators
near-roadway. Unexpectedly, our exposure setting did not
induce an acute increase brachial BP (for reasons previ-
ously outlined). This explains the lack of any potential ben-
efit of respirator use on the primary outcome. Nevertheless,
our findings do raise the possibility that even respirators
certified at the N95 level might not fully protect against
fresh combustion-derived nanoparticles. N95 respirators
are validated for occupational settings (not public use) by
NIOSH to prevent the penetration of 295% of PM,  mass.*®
Their filtering effectiveness focuses on particles 0.3 um in
diameter (the most difficult size to capture) and it is gener-
ally believed that they are even more effective against both
larger and smaller particles. However, laboratory procedures
typically use artificial NaCl particles.®® A recent study,*
as well as our own unpublished data, suggest that N95
respirators may be less efficacious in preventing the pene-
tration of real-world combustion nanoparticles. Although
still beneficial, the filter material was shown to only reduce
the transmission of roughly 50%-75% of the total number
of these nanoparticles.*’ This efficacy also assumes an ideal
air-tight facial fit—which was assured on an individual basis
in our trial protocol. However, we cannot rule out subtle fa-
cial seal leaks that might have allowed for the inhalation of
nanoparticles at a more than expected concentration. Either
imperfect filtering of the respirator material or seal leaks
could explain the persistent associations of PC and BC levels
with worsened aortic hemodynamics in our study despite use
of a validated N95 respirator. Either way, our study methods
followed an ideal usage scenario using a validated N95 res-
pirator. Given the vast commercial market for facemasks,
particularly across Asia (with varied reliability and filtering
efficacy) and the high likelihood for less-than-perfect usage
in the real-world,*' our results highlight the importance of
further studies to validate their protection against TRAP ina
variety of settings among actual patients.
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It is important to note that our results do not challenge
nor invalidate the findings of prior studies showing potential
health benefits of using N95 respirators.*-4! Previous studies
focused on reducing exposure to high levels of urban or re-
gional background PM, , rather than specifically attempting
to mitigate the health effects of TRAP—which is dominated
by nanoparticles. We believe that if worn properly N95
respirators are likely to be an effective personal protection
device when aiming to prevent exposure to larger particles
(e.g., >0.1 um) common within prevailing PM, ; air pollu-
tion. Further investigation is warranted to determine if these
respirators are indeed less effective in reducing the inhalation
of real-world nanoparticles concentrated in near-roadway
settings compared to other common sources of PM, ..

Finally, it is possible that we may have observed different
BP and/or more robust aortic hemodynamic changes along
with other biological responses if each near-roadway ex-
posure duration was longer than 2 hours. However, several
of our own prior experiments have shown that controlled
exposures to higher levels of particulate air pollutants for
only 2 hours is capable of raising BP within this brief time
period.>*%" Therefore, a 2-hour exposure period has a sound
scientific rationale and it was also thought to be experi-
mentally feasible. Future analyses will explore if the meas-
ured health responses were augmented or showed trends to
greater changes as the duration of exposure increased within
each individual visit day.

Acute exposure to fresh combustion-derived particles in
TRAP, even at relatively low concentrations in healthy people,
can worsen central aortic hemodynamics. This could be an
important biological mechanism underlying the linkage be-
tween traffic exposure and heightened CVD risk. The degree
of protection offered by N95 respirators against real-world
TRAP remains uncertain and more studies are warranted.

SUPPLEMENTARY DATA

Supplementary data are available at American Journal of
Hypertension online.
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