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Abstract

Documented relationships between black carbon (BC) exposure and blood pressure (BP) have
been inconsistent. Very few studies measured both BC exposure and ambulatory BP across the
multiple daily environments visited in the general population, and none adjusted for personal
noise exposure, a major confounder. Our study addresses these gaps by considering 245 adults
living in the Grand Paris region. Personal exposure to BC was monitored for 2 days using AE51
microaethalometers. Ambulatory BP was measured every 30 minutes after waking up using
Arteriograph 24 monitors (n = 6772). Mixed effect models with a random intercept at the
individual level and time-autocorrelation structure adjusted for personal noise exposure were
used to evaluate the associations between BC exposure (averaged from 5 minutes to 1 hour
before each BP measurement) and BP. To increase the robustness of findings, we eliminated
confounding by unmeasured time-invariant personal variables, by modelling the associations
with fixed-effect models. All models were adjusted for potential confounders and short-term
time trends. Results from mixed models show that a 1-ug/m? increase in 5-minute averaged BC
exposure was associated with an increase of 0.57 mmHg in ambulatory systolic blood pressure
(SBP) (95% CI: 0.30, 0.83) and with an increase of 0.36 mmHg in diastolic blood pressure
(DBP) (95% CI: 0.14, 0.58). The slope of the exposure-response relationship gradually
decreased for both SBP and DBP with the increase in the averaging period of BC exposure from
5 minutes to 1 hour preceding each BP measurement. Findings from the fixed-effect models
were consistent with these results. There was no effect modification by noise in the associations,
across all exposure windows. We found evidence of a relationship between BC exposure and
acute increase in ambulatory SBP and DBP after adjustment for personal noise exposure, with

potential implications for the development of adverse cardiovascular outcomes.



1. Introduction

Short and long-term exposure to particulate matter with an aerodynamic diameter <2.5 um
(PM2s) is a potential contributor to cardiovascular morbidity and mortality (1). Possibly,
oxidative stress, vasomotor dysfunction, the altered autonomic function of the heart, induction
of systemic inflammation, and endothelial dysfunction mediate these effects on cardiovascular
outcomes (2,3). Furthermore, it is well established that short-term exposure to PM2.s (averaged
over several hours or days) affects blood pressure (BP) (4-7), with well-known biological
pathways (2,8,9). PM2.sexposure from vehicle emissions had a stronger effect on BP than PMz2s
from other sources (10,11). Therefore, investigating the particular source of PM2.s accountable
for the documented relationship is an important topic for researchers to explore. There is some
evidence that black carbon (BC), as a component of PMz.s, may be related to cardiovascular
health, with its particular chemical composition and diameter (12—14). Evidence suggests that
exposure to BC is associated with increased heart rate variability and peripheral arterial tone

(15,16), thus may also cause the variability in BP.

Despite this preliminary evidence, results on the association between exposure to BC and BP
remain mixed, with some studies reporting positive associations (17-22) and others reporting
no association (23-31). In most studies, BC exposure levels were either derived from a land-
use regression (20,26), or from the nearby fixed monitoring station (19,21,22,27,30), possibly
introducing exposure misclassification at the individual level (32). Three of the studies using
personal monitors analyzed the exposure-response association between 24-hour averaged BC
exposure and BP measurements (23,24,31), ignoring the fine-grained variability in BC exposure
strongly related to a person’s time-activity patterns (32) and acute BC exposure before the BP

measurement.



To our knowledge, only three of the existing studies used ambulatory BP measurements
(18,25,28); however, they reported mixed findings. One of them reported that diastolic blood
pressure (DBP) was negatively associated with 4-minutes averaged BC exposure among
women during cooking hours (25); another documented a positive association between BC
exposure and both systolic blood pressure (SBP) and DBP for averaging periods ranging from
6 to 10 hours among hospitalized patients with metabolic syndrome (18); whereas the third one
did not identify any association among hospitalized elderly people with coronary disease (28).
None of them was conducted on the general population. Overall, most of these past studies have
been conducted outside Europe (17,18,29-31,33,19-22,25-28), making the generalizability of
this literature to Europe limited due to a confluence of environmental, lifestyle and genetic

discrepancies (4).

To address these gaps, our study estimated the relationship between the short-term personal
exposure to BC and the acute ambulatory BP response among adults from a European city. It
is believed that a large number of repeated episodes of acute increase in BP may lead to
hypertension (34) and other cardiovascular events in the future (35), especially among the
susceptible population (36). Moreover, some studies show that ambulatory measured BP is
more closely related to organ damage than isolated measurements in clinical settings (37).
Nevertheless, the ambulatory BP outcomes should cautiously be interpreted in relation to the
concurrent physical activity levels, considering that the relationship between ambulatory BP

and physical activity varies widely between individuals (38).

We hypothesized that short-term personal exposure to BC (averaged over the previous hour or

less) would elevate the ambulatory BP outcomes, even after taking into account the levels of



physical activity, ambient temperature, relative humidity, and personal noise exposure. To our
knowledge, none of the studies exploring the BC-BP association has adjusted for concurrent
noise exposure, although the confounding of traffic-related air pollutant effects by noise has

been highlighted previously (39).

2. Methods

2.1 Study population

The MobiliSense study was conducted in the Grand Paris (the Paris City and some surrounding
municipalities) in France from May 2018 to October 2020 (40). Participants were recruited
following a two-stage stratified random sampling procedure. Briefly, stage 1 involved the
random selection of neighbourhoods in the first and last quartiles of neighbourhood road traffic
density in each quartile of neighbourhood income. The second stage involved the random
selection of dwelling units in the pre-selected neighborhoods from the 2013 and 2014
population censuses by the National Institute of Statistics and Economic Studies. Overall,
31970 dwellings were selected from 234 neighborhoods. Postal mails were sent twice to invite
residents from the selected dwellings, and 289 participants were recruited in the sensor-based
MobiliSense study. Our selection analysis shows that the probability of participating in our
study was higher among older and married people, among French than non-French people,
among those with a higher educational level, for people living in Paris and the close suburb
than in the far suburb, and for people living in individual houses rather than apartments, which

has been detailed in our previous publication (41).



2.2 Personal exposure to BC

Personal exposure to BC was measured with aethalometers (MicroAeth AE51, AethLabs, CA,
USA) from day 1 to day 4 of our study. This device has already been used by multiple studies
before (18,23,28,29,31). The device was strapped to participants’ shoulders with the inlet of the
tube at the level of the neck and set to measure 10-second averaged BC concentration within
participants’ breathing zone. The optical and electronic instrumental noise can result in an error
in BC measurement (42). Therefore, the correction of the erroneous high and low values was
done using the Optimized Noise Reduction Averaging (ONA) algorithm (42), taking into
account filter change, based on the R package "BlackCarbon” version 1.1 developed by Bista
2020 (43). The details on the processing steps and algorithm have been provided in our previous
publication (41). Briefly, filter changes were identified from a AATN (coefficient of light
attenuation) of at least -5 between two successive data points and were manually verified. The
ONA processed BC concentrations that remained negative for longer than 5-minute sequences
or the concentration of BC that remained absolutely constant for more than 4 hours, although
the person was switching between micro-environments, were deleted from the analysis.
Furthermore, extremely high values of BC (i.e., BC values >15 pg/m?® corresponding to 0.56%
of all BC measurements) were also excluded from the ONA processed data, as they may be
spikes related to when the monitor was exposed to mechanical shocks or intense vibrations as

it may be the case during intense physical activity (42).

Personal exposure to BC was averaged in 5-minute to 1-hour time windows prior to each

ambulatory BP measurement.



2.3 Accelerometer data

Participants carried a tri-axial accelerometer, ActiGraph wGT3X+ (44), on their waist
throughout the study period. ActiGraph is one of the valid commercial accelerometers
permitting to assess levels of physical activities (45). While processing the data, the low-
frequency extension option was applied instead of the normal filter in Actilife 6.13.3, to make
it more adapted to slow-moving people (46). A value for the 3-axes count of O for at least 1
hour with a spike tolerance of 2 minutes of non-zero epochs, a default setting in Actilife, was
selected to identify the non-wear time of the device (47). Vector magnitude (VM), as an
indicator of physical activity, was aggregated in similar time windows as BC exposure

according to the following equation:

VM = /Axis 12 + Axis 22 + Axis 32

2.4 Contextual variables

The GPS data collected with a BT-Q1000XT GPS receiver throughout the study, at a 5-second
resolution, were processed just after the data collection with algorithms using the TripBuilder
Web mapping application (48). These inbuilt algorithms assisted us in a) identifying the places
visited by the participants in the study period; b) decomposing the trips between two visited
places into trip segments commuted with unique modes; c¢) imputing information on the nature
of each visited place relying on the geolocated places regularly visited by participants pre-
assessed with the VERITAS application and on a database of points of interest (49); and d)
imputing information on the mode of transport used in each trip segment based on speed, survey
information from participants about the use of typical modes, and on the availability of public
transport stations of the particular mode at the start and end of the subjected trip segment. The

detail of the algorithms is discussed in our previous publication (50). Using the resulting



information displayed in the TripBuilder application, the start and end time of each trip stage
and related mode information as well as visited places and their nature over the study period
were verified and eventually corrected with the participants during a phone mobility survey.
This mobility survey also permitted to graphically complement the trips lacking correct GPS
data. From the GPS-based mobility survey data, we created a detailed timetable of places visited

and trips covering the whole study period.

The proportion of time spent in the home, out of the home, and in motorized and non-motorized
transport (walking, biking, skateboarding, etc.) were calculated for 5-minute to 1-hour periods
preceding each BP measurement, using the timestamped information on visited places and trip

segments (with information on modes) from the detailed timetable.

2.5 Noise exposure

Based on the findings that noise is positively related to heart rate variability parameters (51),
hypertension (52) and blood pressure (53) and highly correlated with air pollution for sharing
common sources, especially road traffic (54-56), we considered personal exposure to noise as
a potential confounder for this study. A previous study suggested that the association between
traffic-related air pollutants and cardiovascular responses could be confounded by noise
exposure (39). On days 3, 4, 5 and 6, the SV 104A dosimeter (Svantek, Warszawa, Poland)
attached to the belt, with a microphone fixed at the collar near the participant’s ear, was used
for monitoring personal noise exposure every second. The measured noise level was in A-
weighted decibels [dB(A)], to capture the sound that corresponds to human hearing. Similar to
BC exposure, noise data were aggregated using the notion of equivalent sound level (Leq) in

the corresponding time windows ranging from 5-minute to 1-hour averaging periods. Leq is



defined as the constant sound that would have been generated with the same level of energy
compared to the noise that was perceived during the time frame, expressed as dB and computed

as follows (51):

T
1 L®
Leq = 10log x ?fm 10 dt

0

Leq : equivalent sound level
L(t) : noise level at time t

T: period length in seconds

2.5.1 Noise prediction for day 1

Personal noise exposure was not measured on the 1% day of our study, therefore, observed data
from days 3 and 4 were used in predicting the noise exposure for day 1. Because of a very large
number of data points at a lower level, both noise data (every 1 second) and BC measurements
(every 10 seconds) were averaged at the minute level. BC concentration, mode of transport, the
combination of departure place and arrival place (when the person was travelling), visited place
id and activity type (when the person was at a place), week vs. weekend, time of the day
(morning, noon, evening, and night) defined at the minute level were used in predicting noise
exposure (variables related to departure and arrival places of trips and visited place ids are wide
sets of binary variables specific to each participant). These variables were created using the
detailed mobility survey timetable discussed above. Because we had a large number of data
points at the minute level (more than 460000 for all participants) in the training dataset (days 3
and 4), we randomly selected 60% of the observations per combination of all categorical
variables and ran the random forest (57) algorithm with only 50 trees (see additional detail on

the random forest algorithm in Appendix 1). However, all the observations were retained for



those combinations having less than five minutes in cumulative duration. The R? of the random
forest algorithm used in predicting noise exposure for day 1 was 81%. In summary, we were
able to predict day 1 noise exposure for 237 participants using the random forest algorithm

using the information from days 3 and 4.

2.6 Ambulatory blood pressure

Arteriograph 24 ambulatory blood pressure monitor (TensioMed, Budapest, Hungary) was used
on day 1 and day 3 to measure participants’ blood pressure from wakeup to bedtime. The device
was set to measure it every 30 minutes during the wear-time, in a user-independent way with a
single upper arm cuff. Details on its functioning and invasive validity are explained elsewhere

(58).

2.7 Meteorological measurements

Values for ambient temperature and relative humidity were obtained for all the geographic
locations continuously recorded with GPS receivers and the mobility survey (as explained in
Appendix 2) by matching their timestamps to those of the hourly measurements of the closest
Météo-France (https://meteofrance.com) weather monitoring station. Participants’ locations
were not constant during the monitoring, resulting in a change in their nearby station as a
function of time. Adjusting for the absolute temperature and humidity measured at each station
may not be appropriate, since there are deltas in temperature across stations depending on their
location (e.g., near the traffic, in a park, etc.). Thus, as a method of data standardization between
different weather stations and in order to make them comparable, z-scores were calculated for
each station’s measurements (temperature and humidity) retaining only the measurements taken

within the whole study period (May 2018 to October 2020). To minimize misclassification in
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personal exposure to temperature and humidity, we ignored those points which were more than
15 km away from the nearest station. These z-scores of temperature and relative humidity were
aggregated in the corresponding time windows prior to each BP measurement as the BC

personal exposures to adjust for in the regression models.

2.8 Other covariates

Age in our analysis was coded as a continuous variable and sex as a binary variable (male vs.
female). Monthly alcohol drinks from the questionnaire, and body mass index (BMI) from
measured height and weight were coded continuously. Educational attainment was coded into
three categories, lower than Baccalauréat, equal to Baccalauréat, and higher than Baccalauréat.
The employment status of participants was classified into five classes; retired, stable job,
unstable job, unemployment, and other residual categories. Annual household income was
divided by the number of units in the household, considering members younger than 14 years
old as 0.5 units. Household income per consumption unit was divided into three categories
based on tertiles. Individuals without income information were coded as missing (N = 6) so that
we could retain all the observations for the main analysis. To control for neighbourhood
socioeconomic effect on BP, the average of winsorised living standards (source: Insee, 2019)
in both the residential neighbourhood and the neighbourhood where participants were when
each BP measurement was taken were adjusted for in the analysis. Place of residence was

further assessed through the distinction between Paris, close suburbs, and far suburbs.
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2.9 Statistical analysis

2.9.1 Analytical sample

Non-wear time was verified for all devices and all participants via a paper diary and during a
phone call after the period of observation. Periods of non-wear were deleted before the final
processing. Reasons for excluding BP measurements from the present analysis (summarized in
Figure 1) included the failure of any of the devices monitoring BC, noise, accelerometry, and
BP or not taking part in the mobility survey on day 1 and/or day 3, non-wear of any device
mentioned above, and closest meteorological station being 15 km away from participant’s

location. Overall, 6772 observations from 245 participants were retained for analysis.

2.9.2 Analyses

Linear mixed models were used to examine the temporal structure of the relationship between
BC exposure averaged over the previous 5 minutes to 1 hour and ambulatory BP measurements.
To account for the within-subject correlation of repeated outcome measures, a random intercept
at the individual level was specified in all the models. A first-order autoregressive structure
AR(1) was applied to account for temporal autocorrelation among residual errors within
individuals (59). Short-term time trends over the day were accounted for with smoothing splines
estimated for each individual using the ImeSplines package in R (60). All the models controlled
for noise exposure, outdoor temperature and humidity related to the GPS track, physical activity
(accelerometer vector magnitude), contextual variables (proportion of time being at home, in
motorized vehicles or non-motorized transport), age, sex, monthly alcohol consumption, BMI,
education attainment, employment status, the living standard of the residential neighborhoods
and neighborhoods where BP was measured, and weekdays vs. weekend. The accelerometry,
meteo variables, and contextual variables were considered in the same time window as BC

exposure (from 5 minutes to 1 hour).
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In a second analysis to increase the robustness of findings, we eliminated confounding by
unmeasured time-invariant personal level variables, by modelling the associations with fixed-
effect models (estimating effects within individuals) that control for one dummy variable
related to each participant. Short-term time trends in the fixed-effect models were taken into
account with 6-degree natural cubic splines (governed by Akaike Information Criterion, AIC),

and only time-varying variables were adjusted for in the models.

Non-linear associations between short-term exposure to BC and BP were estimated in mixed
models with 2" to 10th-degree polynomials and natural cubic splines for each BC exposure
window separately, keeping other aspects constant. We selected smoothers with 6-degree
polynomial splines as these provided models with the lowest AIC. In separate models,
piecewise linear regressions were estimated in order to obtain interpretable coefficients for the
BC-BP association in two separate portions of the BC continuum. We selected the cutoff in BC
for the two portions of the curve in the piecewise model that minimized the AIC for each BC
exposure window. Furthermore, we conducted a sensitivity analysis by excluding 21
participants who reported being diagnosed as hypertensive by their physician. Finally, as
another sensitivity analysis, considering that ambulatory blood pressure was collected only on
day 1 and day 3, we examined the association between BC exposure and BP separately on day
1 and day 3 (stratification). Interaction between BC and noise exposure on BP has not been
reported previously, however, a study documented that the effect of BC on heart rate variability
was amplified at high noise levels (61). For the first time, as a sensitivity analysis, we assessed
the BC effect modification by noise by adding a multiplicative interaction term of BC and noise
exposure into the linear mixed-effect models. Since day 1 noise exposure was predicted, we

tested this effect modification only for day 3 observations.
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3. Results

3.1 Characteristics of participants

As shown in Table 1, among 245 participants, there were 56% of women. Participants had a
mean age of 50 years (range: 33, 67 years). Twenty-six per cent were living in Paris and the
rest in the suburbs; 68% had a higher diploma than Baccalauréat, while 6% had lower
educational attainment than Baccalauréat; 66% of participants had a permanent job, 3% were

unemployed and 12% were retired.

Table 1 also indicates the median value of the average exposure to BC in short periods
preceding each BP measurement. On average, each individual contributed 28 BP measurements
(range: 2, 59) over the study. The mean number of BP measurements per person per day was
14 (range: 2, 29). Of 245 participants, 21 were involved only on the 1% day and 8 were engaged
only on the 3™ day of the study. The average ambulatory SBP and DBP among participants

were 125.98 mmHg (SD: 18.00) and 71.42 mmHg (SD: 14.91) respectively.

3.2 Assessment of assumptions in regression models

The temporal autocorrelation coefficient (phi) for the residuals of the mixed effect model
ranged from 0.34 to 0.37 for the models with SBP and from 0.23 to 0.25 for the models with
DBP, justifying the need of taking into account the time autoregressive error structure within
participants. The individual-level random effect residuals were normally distributed. The

variance inflation factor was below 4.5 for the covariates in all the models.
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3.3 Associations between air pollution and blood pressure

3.3.1 Mixed-effects models: linear associations

Estimates for the associations of BC exposure with BP from linear mixed models are reported
in Table 2. A 1 ug/m? increase in BC exposure averaged over the preceding 5 minutes was
associated with an increase of 0.57 mmHg in SBP (95% CI: 0.30, 0.83) and an increase of 0.36
mmHg in DBP (95% CI: 0.14, 0.58). The slope of the exposure-response relationship gradually
decreased for both SBP and DBP with the increase in the size of the averaging period of BC

exposure from 5 minutes to 1 hour preceding each BP measurement.

3.3.2 Fixed-effect models

Similar to the results from mixed models, we observed that a 1-ug/m? increase in BC exposure
averaged over the 5 previous minutes resulted in the greatest changes of both SBP (0.42 mmHg;
95% CI: 0.17, 0.67) and DBP (0.31 mmHg; 95% CI: 0.09, 0.53), among all the exposure
averaging windows (Table 2). As in the mixed models, the magnitude of the association
gradually decreased for SBP when the size of the window for averaging BC exposure increased
from 5 minutes to 1 hour before each BP measurement. Consistently with the mixed models,
the effect estimates for the association between BC exposure and DBP were similar for 5-

minute and 15-minute averaging periods and gradually decreased for longer averaging periods.

3.3.3 Non-linear associations and piecewise regression

Figures 2 and 3 represent the non-linear associations between BC exposure (averaged from 5
minutes to 1 hour prior to each BP measurement) and the ambulatory BP measurements.

Considering these non-linear associations and the models that minimized AIC, a cutoff point of
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5 ng/m? was selected for 5-minute averaged BC exposure and 4 pg/m? for 10-minute and 15-
minute averaged BC exposures in the piecewise regressions. Results from the piecewise
regressions in Figures 4 and 5 indicate that when the BC exposure was less than 5 ug/mé, a unit
increase in BC exposure during the previous 5 minutes was associated with a 0.99 mmHg
increase in SBP (95%Cl: 0.62, 1.36) and 0.51 mmHg increase in DBP (95% CI: 0.21, 0.81).
When the BC exposure was above the cutoff point, 5-minute averaged BC exposure was no
longer associated with both SBP and DBP. Similar trends were observed for both 10 and 15-
minute averaged BC exposure: they were associated with SBP and DBP only below the cutoff

value of 4 pg/m®,

3.4 Sensitivity analysis
The effect estimates from the models excluding 21 hypertensive people (Table 3) were not very

different in magnitude compared to the models including all the participants (Table 2).

On the first day of observation, BC exposure during the previous 5 minutes was associated
neither with SBP [effect estimate for a 1 pg/m? increase in BC exposure: 0.10 mmHg (95% CI:
-0.37, 0.57)] nor with DBP [-0.16 (95% CI: -0.55, 0.23)], whereas on the third day it was
documented that a 1 ng/m? increase in average BC exposure during the previous 5 minutes lead
to a 0.54 mmHg increase in SBP (95% CI: 0.21, 0.87) and a 0.37 mmHg increase in DBP (95%
Cl: 0.10, 0.64). We believe that this discrepancy between day 1 and day 3 may be attributable
to the differences related to these days. On day 3, 84% of the 5-minutes observations preceding
the BP measurements were from weekdays, whereas on day 1 it was just 49%. Given that day
1 was much more often during weekends, the percentage of previous 5-minute periods that were

spent totally at home was higher for that day (79%), as compared to day 3 (48%). Thus there
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were perhaps not enough observations out of home on day 1 (N = 667 vs. N = 1853 on day 3)
for the effect of BC on BP to be detected. In coherence with this pattern, 4% of the 5-minute
exposure windows were fully spent in motorized vehicles on day 3 vs. only 1% on day 1. Details
on differences between day 1 and day 3 in terms of BC, BP, and other time-varying observations

are presented in Appendix 3.

The interaction term between BC and noise exposure (p-value > 0.05) did not show evidence

of BC effect modification by noise exposure in any of the exposure windows.

4. Discussion

Recently, BC has been of increased interest in public health research as a marker of combustion-
related air pollutants, as it is independently associated with health effects beyond those resulting
from background PMzs (62). Our results illustrate the potential effect of short-term personal
exposure to BC on ambulatory BP. One pg/m? increase in BC exposure had the greatest
estimated effect on BP when averaged over the previous 5 minutes compared to other exposure
averaging windows, with an increase of 0.57 mmHg in SBP (95% CI: 0.30, 0.83) and an
increase of 0.36 mmHg in DBP (95% CI: 0.14, 0.58). The magnitude of the exposure-response
relationship gradually decreased for both SBP and DBP with the increase in the averaging
period of BC exposure from 5 minutes to 1 hour preceding each BP measurement. When
considering 30-minute exposure windows and longer, no association could be detected,
suggesting a very acute and immediate blood pressure response. Findings from our study are
consistent with the results from controlled human exposure (63) and semi-experimental studies
(64), that higher exposure to traffic-related air pollutants has an increasing effect on BP within

minutes of exposure. To our knowledge, only a single study to date, done in rural India,
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explored the dose-response relationship between BC exposure over the previous 5 minutes and
ambulatory BP (25). Although the methodology applied was consistent with our study, the
findings were discrepant. An interquartile increase in previous 5-minute BC exposure decreased
SBP by 0.1 mmHg (95% CI: -2.00, +1.90) and DBP by 0.80 mmHg (95% ClI: -1.70, +0.10)
(25). Similar to our work, studies conducted in a Chinese city and Los Angeles did not report
associations between 1-hour averaged BC exposure and SBP or DBP (18,28). Likewise, a recent
study in New Orleans documented no association between a 1 pg/m? increase in one hour of in-
house BC exposure and clinically measured SBP (3.61 mmHg; 95% CI: -0.52, +7.76) (33)
(which may be coherent with the absence of association in our study on day 1 when participants
spent more time at home). A case-crossover study conducted among 30 healthy adult runners
reported no association between a 1 ug/m?® increase in 30-minute BC exposure and clinical BP
[SBP: 1.67 mmHg (95% CI: —0.32, +3.65) and DBP: 1.16 mmHg (95% CI: —0.79, +3.12)], in
a single pollutant model (17). Although with smaller point estimates, our result for the 30-

minute time window is consistent with this study.

Other previous studies examining the association between BC exposure and clinical BP
measurements investigated larger time windows for exposure than our study considering 1-hour
exposure window at the most (19,20,31,21-24,26,27,29,30). These studies yielded mixed
conclusions. A Canadian study averaging personal BC exposure over 3 hours documented no
association between BC exposure and both SBP and DBP (29). A study reported positive
associations between 24-hour averaged BC exposure and SBP and DBP (19), whereas others
with the same averaging window reported null associations (20,23,24,27,31). A study in Boston
found positive associations between BC exposure averaged over 5 days and SBP and DBP but
reported that BC exposure was not associated with the outcomes when averaged for shorter

time windows (30). Two studies documented positive associations of 7-day averaged BC
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exposure with both SBP and DBP (20,21). Finally, two studies examined the long-term
association of BC personal exposure with BP but had conflicting findings: one reported positive
associations between annual BC exposure and SBP and DBP (26), whereas the other reported

null associations with the same time patterns of exposure (20).

A range of factors may explain discrepancies in results between our and other previous studies.
A first and foremost possible explanation is that we assessed associations between very short-
term exposure to BC and ambulatory BP, in contrast to most other studies exploring effects
after days, weeks and years of BC exposure on clinically measured BP (19,21,22,26,29-31).
The only study exploring the dose-response association between previous 5-minute BC
exposure and ambulatory BP monitored the BC exposure during cooking sessions using
biomass (25), an uncommon source in our study area. It is well accepted that air pollutants from
urban sources such as motor engines may produce distinct health effects than the air pollutants
generated from incomplete biomass combustion (65). A second reason might be that the
toxicological profile of BC widely depends on individual susceptibility, which may vary
between populations (1). Third, our study was conducted among the healthy general public in
their daily settings, whereas other studies were either only among women during cooking
sessions (25), among runners during running sessions (17), with patients hospitalized with
metabolic syndrome (18), or among older people (>65 years old) with coronary heart disease
(28). Fourth, differences in the exposure range may explain the inconsistencies observed: in
some other studies, the average personal exposure to BC was very high, e.g., 5.4 pg/m? (17),
5.08 pg/m® (18) or 40 pg/m® (geometric mean) (25), making the dose-response curve
incomparable to our study where the mean BC exposure was not greater than 1.5 pg/m?® across
all exposure averaging periods. Fifth, in contrast to other studies, using ambient BC
concentration from nearby monitoring stations (21,22,27,30) or land-use regression (20,26), we
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used personally monitored BC exposure while establishing the dose-response relationship.
There is evidence for the lack of agreement in exposure between station-measured air pollutants
and personally monitored air pollutants (66). Some studies have highlighted that personal
exposure to air pollutants may induce different responses in humans than background ambient
levels due to variation in sources and chemical composition (67—69). In summary, differences
in study design, period of exposure, methods used in exposure measurement, use of ambulatory
BP vs. isolated clinical BP and study population make it hard to compare our findings with

other studies.

Our results support the biological plausibility of the harmful effect of traffic-related particles
on cardiovascular outcomes. Our main findings are compatible with the idea that acute changes
in BP could play a role in explaining the existing relationship between short-term particle
exposure and the onset of cardiovascular events (70,71), and the relationship between long-
term exposure and the incidence of hypertension (72,73). Scientists have proposed several
physiological mechanisms for the short-term and long-term effects of inhaled particles on BP
(1,11,74,75). Regarding long-term effects, frequently repeated acute increases in BP may lead
to hypertension (34) and other adverse cardiovascular conditions in the future (35). However,
it is hard to empirically confirm that the acute cardiovascular responses experienced within a
few minutes or hours after the pollution exposure and the chronic effects observed after several
months or years of exposure share the same biological pathway (75), and that the latter is caused
by the former. In order to further understand the mechanism underlying the relationship
between BC and BP at different temporal structures, a study accessing both acute and chronic
changes in BP over a longer period as a function of air pollutant exposure is needed, as we do

with the first and second waves of MobiliSense.
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4.1 Strengths and limitations

The strengths of our study include the use of personal monitors capturing both BC exposure
and the time-activity patterns of participants (GPS receivers complemented by a mobility
survey). Our sensor-based tracking approach is appropriate for studying air pollutant-induced
health effects, reducing exposure misclassification. In fact, the use of personal exposure
monitors, in contrast to extracting pollution data from stationary monitoring stations, is crucial
for measuring pollutants with high spatial and temporal variability, as exposure
misclassification leads to an underestimation of the association between combustion-related air
pollutants and cardiovascular responses (76). The combination of air pollutant monitor, GPS
receiver, and mobility survey enabled us to monitor participants in their real-life activity
settings rather than in only a few preselected itineraries as in a controlled experimental study
design. Another strength of our study is having an average of 28 BP measurements per person
among a large number of participants (N = 245). Furthermore, in addition to controlling for
time-varying confounders, the inclusion of fixed-effect analysis in our study increased the
robustness of our findings, eliminating the confounding by unmeasured time-invariant personal

level variables, for example, related to personal behavior.

Our study is the first to adjust for noise exposure while assessing the association between BC
and BP, considering the large potential for noise to be a confounder due to road traffic (39).
Also, our study is the only one assessing the dose-response relationship of BC with ambulatory
BP measurements while averaging the personal exposure into small time windows (e.g., 5

minutes preceding each BP measurement) in an adult population observed in general settings.
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Regarding limitations, as noise exposure on the first day of our study was predicted using
random forest algorithms, there might still be residual confounding by noise in our results.
However, the variability explained by our noise prediction model was likely high enough (81%)
to capture the distribution of noise exposure. We expect that the non-differential
misclassification of noise on 1% day may lead to an underestimation of the association of noise
with blood pressure, and thus to an overestimation of the association between BC and BP;
however, we did not observe an association between BC and noise in day 1 due to the particular

nature of day 1, so we do not expect residual confounding by noise to be an important issue.

Since day 1 of our study was different in nature and had predicted noise exposure, we had to
limit our sample to day 3 observations only when testing the BC effect modification by noise.
Future sensor-based studies with a larger number of repeated measurements for a larger number
of participants will have to confirm whether personal noise exposure modifies the association
between air pollutant exposure and ambulatory BP or not. More broadly, the fact that day 1 of
the study was different in nature than day 3, with day 1 being more frequently a weekend day,
with participants more often at home and less often on a motorized trip, may be seen as a
limitation of this study. Being at home has a major effect on BC exposure, as the sources of BC
widely differ between micro-environments and geographical settings (e.g., lower exposure to
vehicle emissions while being at home), implying differences in chemical composition and
toxicology. It is well documented that exposure related to vehicle emissions has a stronger

effect on BP than exposure from home-based sources (10,11).

Finally, our sample had a slight positive bias towards older people, urban citizens, and higher
socioeconomic classes. Although we have adjusted for these factors in our final analyses with

a sufficient number of observations in each subgroup (Table 1), our findings should be
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generalized cautiously. It should be considered that by design we only recruited older adults

(35-64 years) and focused on the metropolitan area of Paris which is specific to some extent.

5. Conclusion

This study stands as a first of its kind to access acute vascular impacts of exposure to BC in an
adult population in all kinds of daily life settings considering participants’ time-activity patterns
and personal exposure. We documented some evidence of an association between exposure to
BC and acute increases in BP in the Grand Paris region, which may have implications for the
development of cardiovascular diseases. We found that the magnitude of this association
between BC and BP decreased when BC exposure was averaged over longer time periods
preceding each BP measurement. Our findings, therefore, suggest that changes in BP may be
observed within a short time in response to exposure to air pollution, possibly implicating an
autonomic nervous system response. These results highlight the importance of reducing
anthropogenic environmental air pollution in urban settings in order to promote cardiovascular

health among the adult population.
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Table 1. Descriptive statistics for time variant and invariant variables of the

study

Mean (SD) or
N (%)

Median (2.5
percentile, 97.5"

percentile)

Personal characteristics
Age 50 (8.69) 50 (35, 64)
Sex

Female 137 (56%) NA

Male 108 (44%) NA
Hypertensive 21 (9%) NA
Education

Lower than Baccalaureat 16 (7%) NA

Equal to Baccalaureat 62 (25%) NA

Higher than Baccalaureat 167 (68%) NA
Employment

Stable 163 (66%) NA

Unstable 12 (5%) NA

Retired 31 (13%) NA

Unemployment 8 (3%) NA

Other 31 (13%) NA
Residence

Paris 64 (26%) NA

Close suburb 178 (73%) NA

Far suburb 3 (1%) NA
Body mass index 25.28 (6.06) 24.04 (18.62, 39.00)

BC exposure averaged over several
durations prior to BP measurements (ug/m3)

Five minutes 1.14 (1.38) 0.77 (0.05, 5.11)
Fifteen minutes 1.14 (1.26) 0.87 (0.06, 5.27)
Thirty minutes 1.15(1.20) 0.91 (0.07, 5.24)
One hour 1.17 (1.12) 0.95 (0.13, 5.00)
BP measurements

BP measurements per day per 14 (6) 14 (3, 26)

person

SBP (mmHg) 125.98 (18.00) 124 (98.10, 160.90)
DBP (mmHg) 71.42 (14.91) 71 (40.30, 100.00)

MobiliSense Study, 245 participants, 6772 BP measurements

NA: Not applicable
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Table 2. Associations between a 1 pug/m? increase in personal exposure to black carbon averaged for 5 minutes to 1
hour preceding each BP measurement and ambulatory blood pressure

SBP (mixed effect DBP (mixed effect SBP (fixed effect DBP (fixed effect

models) models) models) models)

B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Five minutes 0.57 (0.30, 0.83) 0.36 (0.14, 0.58) 0.42 (0.17, 0.67) 0.31 (0.09, 0.53)
Fifteen minutes 0.47 (0.17,0.78) 0.36 (0.12, 0.60) 0.38 (0.09, 0.67) 0.31 (0.07, 0.55)

Thirty minutes 0.16 (-0.18,0.49)  0.23(-0.02,0.48)  0.20(-0.11,051)  0.23(-0.02, 0.48)
One hour -0.02 (-0.41,0.38)  0.08(-0.21,0.37)  0.03(-0.32,0.38)  0.12 (-0.15, 0.39)

MobiliSense Study, 245 participants, 6772 BP measurements

CI: confidence interval; BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure
Regarding time-varying variables, all models were adjusted for noise, physical activity, temperature, relative

humidity, proportion of time spent in different contexts (home, motorized vehicle and non-motorized vehicle,
other places), week vs. weekend, living standard of places where the BP measurements were taken and short-term
time trend.

Mixed models were additionally adjusted for residence area, age, sex, household income per member, education,
employment, monthly alcohol consumption, body mass index, and living standard of residential area.

Table 3. Associations between a 1 pug/m? increase in personal exposure to black carbon averaged for 5 minutes to 1
hour preceding each BP measurement and ambulatory blood pressure (BP) (excluding 21 hypertensive participants)

SBP (mixed effect DBP (mixed effect SBP (fixed effect DBP (fixed effect

models) models) models) models)
B (95% CI) B (95% CI) B (95% CI) B (95% CI)
Five minutes 0.55 (0.28, 0.82) 0.34 (0.12, 0.56) 0.41 (0.14, 0.68) 0.30 (0.08, 0.52)

Fifteen minutes  0.40 (0.09, 0.71) 0.31 (0.06, 0.56) 0.35 (0.04, 0.66) 0.29 (0.05, 0.53)
Thirty minutes 0.09 (-0.26,0.44)  0.16 (-0.11,0.43)  0.16(-0.17,0.49)  0.19 (-0.06, 0.44)
One hour 0.01(-0.40,0.42)  0.05(-0.26,0.36)  0.05(-0.32,042)  0.10(-0.19, 0.39)

MobiliSense Study, 224 participants, 6150 BP measurements

Cl: confidence interval; BP: blood pressure; SBP: systolic blood pressure; DBP: diastolic blood pressure
Regarding time-varying variables, all models were adjusted for noise, physical activity, temperature, relative
humidity, proportion of time spent in different contexts (home, motorized vehicle and non-motorized vehicles,
other places), week vs. weekend, living standard of places where the BP measurements were taken and short-term
time trend.

Mixed models were additionally adjusted for residence area, age, sex, household income per member, education,
employment, monthly alcohol consumption, body mass index, and living standard of residential area.
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Total number of
participants: N = 289

\4

Exclusion of 7
participants: AG24 failed
or participant abandoned

(remaining: N = 282)

!

Exclusion of 2
participants without BC
data (remaining: N = 280)
J

'

Exclusion of 29 participants
without noise data on day 3
(remaining: N = 251)

'

Exclusion of 4
participants without
accelerometer data

(remaining: N = 247)

'

Exclusion of 2 participants
without mobility survey
(remaining: N = 245, n =8861)

.

A4

Exclusions of measurements not
having the following information
because of non-wear of the devices:
BC =19, Noise = 1388, Accelerometer
=503, Mobility survey = 12
(Remaining: N = 245, n = 6939)

A 4

Exclusion of 47 measurements
for being more than 15 km away
from the nearest meteorological

monitoring station
(Remaining: N = 245, n = 6892)

y

Exclusions of measurements
Fig 1. Data collection work flow for recording error
BC =91, Noise =16,
Accelerometer =13
(Remaining: N = 245, n = 6772)
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Fig 2. Polynomial splines with 6 degrees of freedom (solid line) and associated 95% confidence intervals (dotted lines) for the
association between personal exposure to black carbon (ug/m?) averaged over different time durations preceding blood pressure
(BP) measurements and systolic blood pressure.

Estimated from models with a random intercept at the individual level and a temporal autocorrelation structure. All models were
adjusted for noise, physical activity, temperature, relative humidity proportion of time spent in different contexts (home, motorized
vehicle and non-motorized vehicles, other places), week vs. weekend, residence, age, sex, household income per member,
education, employment, monthly alcohol consumption, body mass index, living standard of residence area and places where the
BP measurements were taken and short-term time trend.
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Fig 3. Polynomial splines with 6 degrees of freedom (solid line) and associated 95% confidence intervals (dotted lines) for the
association between personal exposure to black carbon (ug/m?) averaged over different time durations preceding blood pressure
(BP) measurements and diastolic blood pressure.

Estimated from models with a random intercept at the individual level and a temporal autocorrelation structure. All models were
adjusted for noise, physical activity, temperature, relative humidity proportion of time spent in different contexts (home, motorized
vehicle and non-motorized vehicles, other places), week vs. weekend, residence, age, sex, household income per member, education,
employment, monthly alcohol consumption, body mass index, living standard of residence area and places where the BP
measurements were taken and short-term time trend.
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Fig 4. Estimates (and their 95% confidence intervals) from piecewise regression models for the associations between a 1-
pg/m?® increase in 5- to 15-minutes averaged black carbon exposure preceding ambulatory BP measurements and SBP and
DBP, estimated from models with a random effect at the individual level and a temporal autocorrelation structure. All models
were adjusted for noise, physical activity, temperature, relative humidity proportion of time spent in different contexts (home,
motorized vehicle and non-motorized vehicles, other places), week vs. weekend, residence, age, sex, household income per
member, education, employment, monthly alcohol consumption, body mass index, living standard of residence area and places
where the BP measurements were taken and short-term time trend.
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Appendix

Appendix 1: Details on the random forest algorithm

Random forest was run from an R Package ‘randomForest” (1) which implements Breiman's
theory (2). The principle of the random forests method (2) relies on the decision tree method.
In order to produce high generalizability, this method applies two sources of randomness to the
classic decision tree method and simulates the process repeatedly, thereby leading to a forest of
decision trees. The first source of randomness is that the approach considers only random
samples (approximately 68%) of the independent variables while defining each knot of the tree.
Secondly, sub-samples of the observations (68%) are randomly selected for growing each tree,
and the remaining observations (32%), known as out-of-bag data, are used to generate
predictions from the tree. With this technique, random forest overcomes overfitting, a common

problem faced in classical regression analysis.
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Appendix 2: ambient temperature and relative humidity associated with geographic
locations recorded with GPS receivers and the mobility survey

Participants carried a BT-Q1000XT GPS receiver with them which collected GPS data every 5
seconds throughout the study period. Personal travel diary filled by participants for every trip,
detailing transport modes taken, location as well as start and end times of the trip, allowed us
to generate spatial coordinates for the trips for which GPS receiver did not function properly
because of technical error or underground movement. Spatial coordinates of points for trip
stages commuted through public transports that had no data from GPS receiver were generated
from the information provided by the transport authority based on start and end location and
particular mode and line taken (which was systematically verified during the mobility survey).
Sometimes, during the survey, the research assistants had to report missing trips using two
different tools: generation of a street network trip or manual drawing of a trip. In these two
cases, spatial points along the trips were generated from these street network trips or manually
drawn routes. Spatial points for those non-GPS trips were generated with ArcGIS 10.8.1.
Firstly, lines were drawn from the points we had describing these trip segments, then points
were generated every 10 meters along the polylines. Lastly, time stamps were added for these
generated points using the start time and end time of the corresponding trip stage with the zoo
R package (3). All the spatial points along the itineraries (GPS points and other sources of
points described above) were used to retrieve the ambient temperature and relative humidity
from the nearest Meteo France weather monitoring station, considering data of the

corresponding hour.
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Appendix 3: Comparison between day 1 and day 3

Detail on discrepancies between day 1 and day 3 in terms of blood pressure (BP), black

carbon (BC) and other time-varying observations are provided here.

carbon exposure prior to BP measurements in day 1 and day 3

Table Al. Mean and range of blood pressure (BP) and 5-minute averaged black

P-value from
Day 1 Day 3 Wilcoxon test
Systolic blood pressure 125.1 (74.0, 278.0) | 126.4 (82.0, 268.0) 0.013
Diastolic blood pressure | 71.2 (26.0, 169.0) | 72.7 (28.0, 144.0) <0.001
Black carbon (pg/m3) 1.06 (0, 13.17) 1.21 (0.01, 14.05) 0.115

MobiliSense Study
Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

Table Al illustrates that there was only a slight difference between the BP measurements
taken on day 1 and day 3 of the study, whereas BC exposure over 5 minutes prior to each BP
measurement was not different across day 1 and day 3, based on a Wilcoxon test.

during weekdays and weekend in day 1 and day 3

Table A2. Number (percentage) of blood pressure (BP) measurements

P-value from Fisher's
Weekdays Weekend Exact test
Day 1 1588 (49.95%) 1591 (50.05%) <0.001
Day 3 3039 (84.58%) 554 (15.42%) '

MobiliSense Study
Day 1: 237 participants, 3179 BP measurements
Day 3: 224 participants, 3593 BP measurements

Table A3. Number (percentage) of 5-minute episodes before blood pressure (BP) measurements
spent in different contexts in day 1 and day 3

Non- Motorized Visited place

Home motorized other than Mixed context
travel

travel home
Day 1 2512 (79.0%) | 56 (1.7%) 36 (1.1%) 482 (15.1%) 93 (3.0%)
Day 3 1740 (48.4%) | 89 (2.4%) 141 (3.9%) 1462 (40.6%) | 161 (4.5%)
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P-value from
Fisher's Exact
test*

Ref

<0.001

<0.001

<0.001

<0.001

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements
Day 3: 224 participants, 3593 BP measurements
*Each context was compared with the home micro-environment.

The slight difference in the concentration of BC exposure in 5-minute episodes between day 1

and day 3 noted in Table A1, although not statistically significant, is well explained by Tables

A2 and A3. About 50% of the measurements of BP on day 1 were recorded on weekends,

whereas only 15% were during weekends on day 3. As a result, 79% of the 5-minute episodes

on day 1 were spent at home and only 1% in motorized transport, while only 48% of the 5-

minute episodes were at home and as much as 4% were in motorized transport on day 3. It is

suggested in the literature (4,5) that BC generated from vehicle emission have different effect

on human health than BC produced from household sources due to variation in chemical

composition.
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Table A4. Mean (range) of black carbon exposure in 5-minute episodes before blood pressure (BP) measurements
according to the context and micro-environment, in day 1 and day 3

Home Non-motorized Motorized travel | Visited place Mixed context
travel other than home
Day 1 1.03 (0.00, 13.17) | 3.71(0.14,10.79) | 1.89 (0.28, 10.35) | 0.74 (0.00, 7.79) | 1.85(0.08, 7.24)
Day 3 1.11(0.02, 11.47) | 4.12(0.01, 13.66) | 2.32 (0.10,9.83) | 0.88(0.01, 11.11) | 2.27 (0.01, 14.05)
P-value from
Wilcoxon test* 0.002 0.695 0.120 0.195 0.134

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.

On day 3, although hard to conclude statistically, the 5-minute averaged BC exposure was slightly higher in terms of point estimates compared to
that on day 1 in all the contexts (Table A4). It has been emphasized above that day 1 was much more on weekends compared to day 3. Weekends
mean a lower vehicle density in the streets, which might be the reason for the lower concentration of BC in the different micro-environments, as

diesel vehicles are a major source of BC.

Table A5. Mean (range) of systolic blood pressure across different micro-environments assessed in the 5-minute period before
blood pressure (BP) measurements in day 1 and day 3
Non-motorized . Visited place other i
Home Motorized travel Mixed context
travel than home
Day 1 123.6 (78.0, 278.0) | 131.2 (106.0, 169.0) | 137.6 (74.0, 200.0) | 128.8 (95.0, 184.0) | 135.8 (99.0, 275.0)
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Day 3

124.1 (82.0, 211.0)

129.3 (95.0, 244.0)

137.2 (98.0, 266.0)

127.5 (83.0, 268.0)

132.9 (99.0, 218.0)

P-value from
Wilcoxon test*

0.532

0.378

0.683

0.022

0.357

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements
Day 3: 224 participants, 3593 BP measurements
*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.

Table A6. Mean (range) of diastolic blood pressure across different micro-environments assessed in the 5-minute period before
blood pressure (BP) measurements in day 1 and day 3

Home

Non-motorized
travel

Motorized travel

Visited place other
than home

Mixed context

Day 1

70.1 (31.0, 169.0)

73.1 (53.0, 107.0)

75.9 (26.0, 134.0)

75.8 (32.0, 120.0)

74.0 (34.0, 116.0)

Day 3

70.8 (36.0, 128.0)

72.8 (45.0, 135.0)

76.2 (28.0, 144.0)

74.5 (37.0, 144.0)

74.8 (35.0, 125.0)

P-value from
Wilcoxon test*

0.106

0.173

0.366

0.013

0.780

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements
Day 3: 224 participants, 3593 BP measurements
*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.
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Table A5 and AG6 illustrate that the mean systolic and diastolic BP measured in visited places other than home were slightly higher on day 1
compared to day 3. Other places than home visited on day 1 and 3 may be different, given that day 1 is more often on week-ends and day 3 more

often during the week.

Table A7. Mean (range) of vector magnitude across different micro-environments assessed in the 5-minute period before
blood pressure (BP) measurements in day 1 and day 3.

Home Non-motorized Motorized travel Visited place Mixed context
travel other than home
Day 1 91.9 (0.0, 1110.5) | 71.2(0.7,692.8) |592.5(73.2,1226.5) | 67.7 (0.0,626.0) | 314.7 (0.6, 951.6)
Day 3 86.6 (0.0, 1082.0) |59.1(0.0,818.1) | 489.6(7.0,1122.0) 59.2 (0.0, 754.9) | 280.5 (2.2, 906.6)
P-value from
Wilcoxon test* | 0.086 0.501 0.040 0.036 0.156

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.

Table A7 shows that the mean level of physical activity was higher in day 1 compared to day 3 in motorized travel episodes and in visited places

other than home contexts. Even when statistical tests did not demonstrate a difference, point estimates were systematically higher on day 1.
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Table A8. Mean (range) of systolic blood pressure across quartiles (Q1 to Q4) of vector magnitude assessed in the 5-minute
period before blood pressure (BP) measurements in day 1 and day 3

Q1 (0.00 to 6.88) Q2 (6.891046.83) | Q3 (46.84 t0 142.20) | Q4 (142.21 to 1226.51)
Day 1 120.3 (82.0, 171.0) 124.9 (78.0, 201.0) | 125.2 (79.0, 212.0) 129.2 (74.0, 278.0)
Day 3 121.8 (83.0, 244.0) 124.9 (83.0,178.0) | 127.9 (82.0, 268.0) 131.9 (86.0, 266.0)
P-value from
Wilcoxon test* 0.200 0.816 0.010 0.008

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.

Table A9. Mean (range) of diastolic blood pressure across quartiles (Q1 to Q4) of vector magnitude assessed in the 5-minute
period before blood pressure (BP) measurements in day 1 and day 3.

Q1 (0.00 to 6.88) Q2 (6.89 to 46.83) Q3 (46.84 to 142.20) | Q4 (142.21 to 1226.51)
Day 1 68.9 (33.0, 114.0) 72.26 (37.0, 140.0) 71.6 (35.0, 136.0) 72.0 (26.0, 169.0)
Day 3 71.07 (39.0, 129.0) 72.5(37.0, 118.0) 73.5 (36.0, 144.0) 73.9 (28.0, 144.0)
P-value from
Wilcoxon test* 0.001 0.675 0.024 0.016

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

*Separate statistical test was run for each context to compare the outcome across day 1 and day 3.

Tables A8 and A9 show that there was a slight difference in mean BP between day 1 and day 3, with higher point estimates of BP in most of the

quartiles of physical activity, and higher BP levels in day 3 in some of the quartiles as confirmed by the statistical test.
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Table A10. Associations between a 1 pg/m? increase in personal exposure to black carbon
averaged over the 5 minutes preceding BP measurements and ambulatory blood pressure (BP),
stratified on day 1 and day 3

SBP (mixed effect
models)
B (95% CI)

DBP (mixed effect
models)
B (95% CI)

SBP (fixed effect
models)
B (95% CI)

DBP (fixed effect
models)
B (95% CI)

Day 1

0.16 (-0.31, 0.63)

-0.09 (-0.48, 0.30)

0.07 (-0.40, 0.54)

-0.16 (-0.55, 0.23)

Day 3

0.69 (0.36, 1.02)

0.47 (0.20, 0.74)

0.54 (0.21, 0.87)

0.37 (0.10, 0.64)

MobiliSense Study

Day 1: 237 participants, 3179 BP measurements

Day 3: 224 participants, 3593 BP measurements

CI: confidence interval, SBP: systolic blood pressure, DBP: diastolic blood pressure

All models were adjusted for noise, physical activity, temperature, relative humidity, proportion
of time spent in different contexts (home, motorized vehicle and non-motorized vehicles, other
visited places than home), week vs. weekend, living standard of places where the BP
measurements were taken, and short-term time trend.

Mixed models were additionally adjusted for residence area, age, sex, household income per
member, education, employment, monthly alcohol consumption, body mass index, and living
standard of residential area.

While stratifying the analyses by day 1 and day 3, the systolic and diastolic BP were associated
with 5-minute averaged BC exposure only in day 3, after adjusting for all potential
confounders. This discrepancy observed between day 1 and day 3 may very well stem from the
differences documented above between the 2 days. Day 1 was more often during weekends and
had very high number of observations recorded at home, while there were few observations in
motorized vehicle and non-home micro-environments. As explained above, BC exposure from
vehicle emission has higher documented effect on human health compared to BC from other
sources (4,5). About 50% of the BP measurements on day 3 were taken when the participants
were out of their home and BC exposures recorded across all the micro-environments were
generally higher on day 3 than on day 1. These reasons may explain the discrepancies that we

observed in the patterns of associations between day 1 and day 3.
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