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Abstract

Background: Exposure to black carbon indoors may be associated with blood pressure;
however, evidence is limited to vulnerable subpopulations and highly exposed individuals. Our
objective was to explore the relationship between indoor black carbon at various exposure
windows on resting blood pressure in a general population sample.

Methods: Black carbon was measured in the home of 76 individuals aged 10-71 in New Orleans,
Louisiana. Exposure was measured every 1 minute for up to 120 hours using an AE51
microaethalometer. Systolic blood pressure and diastolic blood pressure were measured at the
conclusion of exposure monitoring.

Results: In adjusted models, at all exposure windows, increasing black carbon was associated
with increased systolic blood pressure. The period 0-72 hours prior to blood pressure
measurement showed the strongest effect; a 1 ug/m3 increase in black carbon was associated with
a 7.55 mm Hg (P=.02) increase in systolic blood pressure. The relationship was stronger in
participants reporting doctor-diagnosed hypertension (B = 6.47 vs p = 3.27). Black carbon was not
associated with diastolic blood pressure.

Conclusion: Increasing black carbon concentration indoors is positively associated with
increasing systolic blood pressure with the most relevant exposure window being 072 hours prior
to blood pressure measurement. Individuals with hypertension may be a more susceptible
population.
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INTRODUCTION

Exposure to ambient air pollution, in particular to particulate less than 2.5 um in diameter
(PM>5), is a leading cause of morbidity and mortality worldwide. The detrimental effects of
exposure are in large part due to its impact on cardiovascular disease (CVD).1
Cardiovascular mortality and morbidity have been found to be associated with short-term
and chronic exposure to PM 5 in studies conducted throughout the world.2~* The World
Health Organization (WHO) estimates that in 2016, 4.2 million premature deaths resulted
from exposure to air pollution with a large portion of those deaths being due to CVD.>6
Exposure to PM, 5 may also contribute to elevated blood pressure, a precursor to CVD, and
the leading risk factor for morbidity and mortality worldwide.”-8 However, data are
inconsistent.

There are numerous pathways by which exposure to particulate matter (PM) may increase
blood pressure including increased markers of systemic inflammation, platelet aggregation,
DNA methylation disruption, and endothelial dysfunction.®-11 In a recent meta-analysis
from 16 countries, Yang et al found significant associations between long- and short-term
exposure to air pollution (PM, 5, PM1g, NO5, and SO5) and hypertension, systolic blood
pressure, and diastolic blood pressure. However, effect estimates varied in magnitude,
individual study results were mixed, and a high degree of study heterogeneity limits
interpretation of the relationship.12 The discrepancy in results may be a result of limitations
associated with using PM mass concentration as the marker of exposure to air pollutants.
Particulate matter is a heterogeneous mixture of solid and liquid compounds that vary in
particle size, pollutant composition, source, and toxicity.13 Inconsistencies in the effect of
exposure may be due to variations in the source and composition of the contaminant mixture
that comprises PM.12:14 The specific component(s) of PM responsible for adverse health is

not well understood although some studies have identified black carbon as a key component.
15

Black carbon, a pollutant closely associated with traffic-related air pollution, cooking, and
other combustion activities, comprises a large portion of PM air pollution. It is produced
both naturally and by human activity as a result of incomplete combustion of fossil fuels,
biofuels, and biomass. Exposure to black carbon particles has been found to be associated
with adverse cardiovascular events in previous studies.1>16 A 2017 systematic review
reported that outdoor black carbon level is positively associated with serious cardiovascular
outcomes (emergency department visits, hospitalizations, and CVD mortality).1” A 2018
systematic review specifically on blood pressure concluded that exposure is associated with
increased systolic and diastolic blood pressure.18 However, effect sizes varied substantially
between studies depending on the exposure assessment methodology utilized, the
geographic location, and the characteristics of the study population.
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There were several important data gaps identified in these reviews. They include the lack of
data on indoor exposure to black carbon, the lack of data on the impact of exposure on
health in a general population sample, and limited data on cumulative and lagged exposures
beyond the 24-hour period prior to outcome assessment. Of 22 studies of black (or
elemental) carbon included in the 2018 systematic review, only three examined indoor air
and these were conducted in select populations. Two included populations with high
exposure- women during cooking sessions using biomass fuel. The third included residents
of a nursing home with an average age of 78 years. Seniors have been identified as being
more susceptible to the effects of PM.19-21 The maximum exposure period observed was 0—
24 hours prior to blood pressure measurement, and a recently published cooking study in
rural China extended the exposure window to 48 hours.22 All four studies found a positive
association with blood pressure highlighting the potential importance of indoor exposure.
The level of black carbon indoors is heavily influenced by infiltration of particles from
outdoors but also by particles whose origins are indoors. The limited amount of research on
indoor exposure in the general population is an important knowledge gap given that indoor
concentrations may exceed outdoor concentrations, while people typically spend a greater
portion of their time indoors than outdoors.23.24

The objective of this study was to address these data gaps. We quantified short-term (1-120
hours) level of black carbon in the home and examined the relationship between various
exposure periods and resting blood pressure in a general population sample of adults and
children in New Orleans, Louisiana. We hypothesize that increasing black carbon
concentration, at levels found in typical indoor residential settings, is associated with
increased systolic and diastolic blood pressure.

MATERIALS AND METHODS

Study design and study population

We employed convenience sampling of adults and children recruited from health fairs and
general outreach activities in New Orleans, Louisiana from January to October 2016.
Inclusion criteria were language proficiency in English or Spanish and residing in the home
at least 4 nights per week. We did not exclude participants based on comorbid status. Both
adults and children were included because numerous studies show that precursors to
cardiovascular disease in adulthood begin in childhood.2526 Black carbon in the home was
monitored for up to 120 hours. At the end of the monitoring period, blood pressure was
assessed in all participants. The study was approved by the Tulane University Biomedical
Institutional Review Board, and informed consent and the child’s assent were obtained from
each participant prior to any data collection.

Exposure measurement

Black carbon was measured continuously with a portable microaethalometer (microAeth
Model AE51; AethLabs) in the home of each participant. One monitor was placed either in
the living room/kitchen area or in the bedroom depending upon the location the participant
reported spending the greatest amount of time.14 Black carbon was measured every minute
at a flow rate of 50 mL/min during the sampling period. Monitors were placed in homes and
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retrieved 5 days later for a maximum of 120 hours of exposure monitoring. Black carbon
concentration was quantified as pollutant mass per volume of air (microgram per cubic
meter of air).

MicroAeth data from the first 10 minutes and the last 2 minutes of each session were
removed. Data were truncated (if microAeth started early or ran long) or filled with NA
values (if microAeth started late, ended early, or stopped in the middle of deployment) using
the starting and ending date and time in the field deployment activity sheet. Extremely high
or negative values during short-duration events (typically 1-2 points/event) were replaced by
NA values, which impacted up to 0.74% of data for each session except in two sessions
which had 2—-4 hours of negative readings. Hourly and daily averaged black carbon
concentrations prior to blood pressure measurement were calculated for each session. For
statistical analysis purposes, hourly and daily averaged black carbon concentrations lower
than 0.05 pg/m3 were replaced by 0.05 pg/m3, half of the estimated microaethalometer
quantitation limit of 0.1 pg/m3. This impacted 317 out of 7734 hourly averages (4%) and 3
out of 353 daily averages (0.8%). To explore, the most relevant exposure window black
carbon exposure was assessed in two ways: the cumulative average exposure over time
periods varying from 1 hour up to 120 hours prior to blood pressure measurement (0-1, 0-2,
0-4,0-8, 0-24, 0-48, 0-72, 0-96, and 0-120 hours) and lagged exposures up to 5 days prior
to blood pressure measurement (0-24, 24-48, 48-72, 72-96, and 96-120 hours).

Outcome measurement

Systolic blood pressure and diastolic blood pressure were the primary outcomes. Blood
pressure was measured in the home by field staff trained in blood pressure assessment on the
fourth day following placement of the monitor using the Omron HEM 907 XL automatic
device (Omron Healthcare Inc). Following the National Health and Examination Survey
(NHANES) protocol, the upper right arm circumference was measured to determine the
appropriate cuff size which was placed on the participant’s dominant arm.2” After resting
quietly in a sitting position for 5 minutes, three consecutive blood pressures were obtained.
The average of the three measurements was used as the outcome variable. Systolic blood
pressure and diastolic blood pressure were modeled as continuous variables in separate
models.

Covariates

Covariates were chosen based on previous research that identified them as being associated
with blood pressure. Information on sociodemographic characteristics, age, race, income,
sex, height, weight, comorbidities (doctor diagnosed), smoking status (self-report current
smoker), smoking in the home (defined as responding yes to self or other household
members smoking cigarettes, cigarillos, cigars, pipes or other tobacco products in the home),
medication history, physical activity (number of days reporting physical activity in the
previous week, for children or typical week for adults), and alcohol use history (average
number of drinks per week over the previous year), were obtained via survey questionnaire
at the baseline home visit by trained study personnel. Temperature, specifically cold
temperature, is associated with increased blood pressure and was assessed as a potential
confounder.28 The daily average outdoor temperature on the day blood pressure was
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measured was determined using publicly available data from the National Centers for
Environmental Information (https://www.ncdc.noaa.gov/). For a subset of participants,
indoor temperature was assessed with a HOBO® continuous data logger (Onset Computer
Corporation). The device was placed on the living room floor for one week, and continuous
measurements (every 5 minutes) of temperature and relative humidity were recorded.
Average daily indoor temperature was calculated as the mean of all data points from
midnight on the day of blood pressure measurement until time blood pressure was taken. At
the baseline interview, any participant reporting being told by a physician or healthcare
provider that they have hypertension was categorized as having hypertension.

Statistical analysis

To describe the study population, means and standard deviations are presented for
continuous variables and the number and proportion of participants presented for categorical
variables. Bivariate linear regression analyses were conducted to assess the relationship
between level of black carbon and blood pressure and to identify potential confounding
effects of each covariate. Black carbon was treated as a continuous variable in all models
with systolic and diastolic blood pressure modeled separately. Any covariate significantly (P
<.10) associated with blood pressure in bivariate analysis was included in multivariable
models to control for potential confounding. Results were expressed as the mmHg change in
blood pressure associated with a 1 ug/m3 increase in black carbon concentration.

In order to assess the distribution of black carbon’s cumulative effect over time, beta
coefficients of the relationship between black carbon and systolic blood pressure were
assessed via linear regression for cumulative average black carbon concentration each hour
(0-120) prior to blood pressure measurement. To explore whether the effect of black carbon
on blood pressure is different in participants with hypertension at baseline compared to those
without hypertension, an a priori stratified analysis by hypertension status (yes vs no) was
performed. Effect estimates (p coefficients) with corresponding 95% confidence intervals
(CI) and calculated P-values are reported. All analyses were performed using SAS statistical
software version 9.4 (SAS Institute, Inc).

RESULTS

Seventy-six individuals participated in the study with the majority (68%) being between 18
and 44 years of age. Most participants were female (60%), reported their race/ethnicity as
black (89%), and had household income less than $25 000 per year (57%). Approximately
one-third (29%) reported doctor-diagnosed hypertension, and the majority were overweight
(33%) or obese (47%). Eight percent of participants reported being a current smoker with
approximately one-third (31%) reporting being exposed to smoking in the home. Most
participants (82%) were light-to-moderate drinkers and reported participating in physical
activity approximately four days per week. The outdoor temperature on the day blood
pressure was measured was, on average, 72°F ranging from 43°F to 88°F. The average
systolic blood pressure was 125.39 mm Hg (SD 12.03), average diastolic blood pressure was
78.96 mm Hg (SD 9.37), and 72% of participants had elevated blood pressure (SBP > 120
mm Hg and DBP > 80 mm Hg) (Table 1A).
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Air monitors were placed and picked up at the convenience of the study participant. Often
the drop-off and pickup time varied which resulted in less than 120 hours of exposure
monitoring. As indicated in Table 1B, most participants (n = 73) had exposure monitoring
data up to 96 hours and 33 had complete (96—120 hours) monitoring data. When this
convenience forced schedule resulted in a pickup before 120 hours, the black carbon monitor
was typically still running allowing the blood pressure measurement to be obtained. The
sampling design resulted in exposure averages being calculated and described relative to the
time period before the blood pressure measurement (rather than relative to the start of the air
monitor).

In one home, the monitor failed, and in three homes, the monitor stopped running before the
end of the monitoring period. One of these units stopped collecting data between 24-48
hours before the blood pressure measurement, and two units stopped between 0 and 24 hours
before blood pressure measurement.

The concentration of black carbon over the 120-hour sampling period ranged from 0.05 to

8.09 ng/m3, and the mean concentration was 0.60 (+0.08) ug/m?3 (data not shown). Overall,
average black carbon concentration was relatively constant. Measured in daily 24-hour lag
times, average black carbon ranged from 0.48 to 0.78 pg/m3, the cumulative daily average

ranged from 0.51 to 0.66 pg/m?3, and cumulative hourly averages ranged from 0.49 to 0.56

pg/m3 (Table 1B).

Due to the high degree of missing data for 96- to 120-hour measurements, regression models
were not constructed for exposure periods 0 to 120 hours and 96-120. In unadjusted models
(Table 2), black carbon measured as a cumulative average was associated with increased
systolic blood pressure at each time point although the relationship did not reach statistical
significance. Black carbon in the 48 hours prior to blood pressure measurement was
associated with the greatest increase (p = 5.19; 95% CI -0.26, 10.64; £=.06). When
measured in average lag times, the period 0-24 and 24-48 hours prior to blood pressure
measurement was associated with increased systolic blood pressure although the relationship
did not reach statistical significance. Black carbon 24-48 hours prior to blood pressure was
associated with the greatest increase (B = 4.51; 95% CI -0.43, 9.56; £=.07). Of the
covariates assessed, race (p = 8.96; 95% CI 0.44-17.48; P=.03), BMI (overweight p = 6.8;
95% CI 0.4-14.1; obese B = 10.5; 95% CI 3.7-17.3; P=.01), age (p = 0.2; 95% CI 0.1-0.4;
P=.03), and outdoor temperature (B = 0.22; 95% CI 0.02-0.43; P=.03) were also
significantly associated with systolic blood pressure.

In models adjusted for race, BMI, age, and temperature, increasing black carbon
concentration remained associated with increased systolic blood pressure for all exposure
windows assessed (Table 3). The cumulative period average 0-48 hours (B = 5.91; 95% CI
0.92, 10.90; P=.02) and 0-72 hours (B = 7.55; 95% CI 1.14, 13.96; P=.02) prior to blood
pressure measurement were most strongly associated. When black carbon was measured at
various lag times, the period 24-48 hours prior to blood pressure measurement was most
strongly associated (f = 5.46; 95% CI 0.96, 9.97; P=.02) with systolic blood pressure.
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The results of stratified analysis indicate that the relationship is stronger in those reporting
doctor-diagnosed hypertension (Figure 1). In the period 0-48 hours, a 1 ug/m3 increase in
black carbon was associated with a 4.69 mm Hg (95% CI -0.82, 10.20; £=.10) increase in
systolic blood pressure among those with hypertension versus a 0.49 mm Hg (95% CI -8.50,
8.93; P=.96) increase in individuals without hypertension. Black carbon was not associated
with diastolic blood pressure in any of the models assessed (data not shown).

To investigate the shape of the distribution of black carbon’s effects, we modeled cumulative
average hourly black carbon concentration from 0 to 96 hours prior to blood pressure
measurement. As shown in Figure 2, there is an initial acute response (0-1 hour), a 3.19 mm
Hg increase in systolic blood pressure, followed by a decline in blood pressure response
until approximately 20 hours when blood pressure gradually increases and stabilizes at 36
hours. From 36 hours to approximately 90 hours, the association is constant at
approximately 5 mm Hg increase in systolic blood pressure per 1 unit increase in black
carbon. An interesting observation is that cumulative black carbon concentration fluctuates
very little; the cumulative average concentration ranged from 0.42 to 0.62 pug/m3 (data not
shown) across the 96 time periods.

DISCUSSION

When both black carbon and particulate mass concentration are measured, the health effects
associated with exposure to black carbon have often been found to be more robust than those
associated with exposure to PM, 5 or PM1q; therefore, there is increasing interest in its role
in promoting cardiovascular disease.152021 Indoor and outdoor sources of air pollution
differ. Outdoor sources include anthropogenic activities, biomass, forest fires, and vehicular
emissions, while indoor sources include infiltration from outdoors, combustion (stoves,
candles, and kerosene lamps), and smoking. In one study, it has been estimated that outdoor
infiltration explains between 33% and 42% of the variability in indoor black carbon
concentration suggesting that outdoor levels are not likely to be a good representation of
indoor levels.2? While there is a growing body of literature on ambient black carbon, there
are limited studies on indoor air with the majority of those being conducted in populations
where the use of biomass fuels is common resulting in very high exposure levels. To our
knowledge, this is the first report of real-time black carbon exposure and blood pressure in
an unselected study population.

Our results show that increasing exposure to black carbon in the home is associated with
increased systolic blood pressure. The data also show that exposure 0—72 hours prior to
blood pressure measurement (and in particular 24-48 hours prior) is associated with the
greatest increase. The association was found in unadjusted models, in models adjusted for
important covariates, and when black carbon was measured either as a cumulative average or
as a lagged exposure. Of note is that the black carbon concentration was relatively constant
over the monitoring period; therefore, we attribute the association with blood pressure to the
impact of black carbon at a particular time point rather than being in response to a peak
exposure period.
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Black carbon levels ranged from 0.05 to 8.09 pg/m?3 with an average of 0.60 pg/m3. Daily
averages ranged from 0.48 to 0.78 pg/m?3 over the sampling period (Table 1B). These levels
are well below those measured in studies assessing the use of biomass fuel during cooking
sessions where levels averaged as much as 56 pg/m3.19.20.22

Adjusting for factors associated with increased blood pressure resulted in a stronger
association between black carbon and systolic blood pressure for all exposure windows. In
adjusted models, we found that cumulative exposure 0—48 hours prior to blood pressure was
associated with a 5.91 mm Hg increase in systolic blood pressure and cumulative exposure
0-72 hours with a 7.55 mm Hg increase in systolic blood pressure. These results are
consistent with the only other non-cooking study of black carbon and blood pressure. In that
study, average black carbon was 0.36 pg/m?3 (a bit lower than our average of 0.60 pg/m3) and
a 1 pg/m? increase in black carbon was associated with a 18.0 mm Hg increase in systolic
blood pressure (*rescaled).?! There are also studies of outdoor air with results consistent
with ours. For example, a study conducted in Boston found that a 1 pg/m3 increase in black
carbon was associated with a 8.25 mm Hg increase in systolic blood pressure (rescaled by
Magalhaes).1® The average 1-year black carbon level in that study was 0.32 ug/m3.3% In
another study of outdoor black carbon, Wilker et al found a 7.33 mm Hg increase in BP with
a 1 pg/m?3 increase in BC (average concentration, 0.98 pg/m3).31 The effect appears to be
more pronounced in individuals with hypertension, although these results should be
interpreted with caution given small sample size.

There are several hypothesized mechanisms for the association between air pollution and
increased blood pressure. Both observational and experimental studies have shown that
when particles are inhaled into the lungs, an inflammatory response is triggered within the
alveolae with subsequent systemic inflammation resulting in detrimental vascular effects.3?
For individuals with hypertension, inflammatory responses generate oxidative stress in the
vascular wall leading to endothelial dysfunction.33 Therefore, the joint effect from air
pollution and hypertension, through the vascular oxidative stress and inflammation pathway,
could make hypertensive patients a more vulnerable subgroup. We did not find a relationship
with diastolic blood pressure in contrast to some other studies. Despite differences in study
design, exposure methodology, and target populations, the data consistently show evidence
of a relationship between black carbon and systolic blood pressure—particularly in
populations of older adults and in individuals with pre-existing conditions.

The shape of the distribution showing the relationship between the hourly concentration of
cumulative black carbon on systolic blood pressure (Figure 2) gives the blood pressure
response to black carbon at different windows of exposure. Although the estimated change
appears to be erratic in the first day, the association stabilizes around 24 hours. This may
explain the disparate results seen in previous studies of black carbon and blood pressure
which were primarily limited to an exposure window 0-24 hours prior to blood pressure
measurement. The variation of effects may be due to the time required for the biological
mechanisms involved in the black carbon-blood pressure pathway to take effect. Although
the relatively small sample size should be taken into consideration, these results provide
insight into the most important exposure windows to consider in future studies of black
carbon and blood pressure.
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This study has several strengths and adds important information to the growing body of
evidence on the impact of short-term exposure to black carbon on blood pressure. Strengths
include the general population sample of children, adults, and individuals with and without
pre-existing conditions and the focus on indoor air which has rarely been studied despite the
large amount of time individuals spend indoors. Other strengths include the high temporal
resolution of black carbon monitoring allowing for the examination of numerous time
frames over a 5-day period, high retention rates which limits the potential for selection bias,
and the inclusion of numerous important covariates. The study is limited by the
measurement of blood pressure at one time point and the inability to adequately assess the
role of hypertension due to small sample size. Use of a convenience sample may limit
generalizability, and although numerous covariates were considered, not all risk factors (eg,
lipid levels, diet, and caffeine use) were included. Another limitation is the lack of direct
measurement of the amount of time study participants spent in the home. Consistent with
previous studies, we rely on national estimates that conclude Americans spend the majority
of their time indoors with the majority of that time in their own home. These data are widely
cited as valid estimates in the absence of individual exposure data.3* Related to time spent at
home, the study is also limited by lack of data on indoor temperature. However, when 30
participants with indoor temperature data were analyzed, the average indoor temperature
was 71°F (range 63°-82°). For this sub-sample, indoor temperature did not show a
significant effect ( = -0.66; 95% CI -1.87, 0.55) with blood pressure in bivariate analyses,
although the small sample size may have reduced power to detect meaningful differences.
Previous studies have shown there is a high correlation (r= 0.91) between indoor and
outdoor temperature when outdoor temperatures are above 12.7°C (55°F).3° Given that 90%
of blood pressure measurements were taken on days above this temperature, and given that
outdoor temperature was included in our models, we do not think lack of adjustment for
indoor temperature biases the results.

Both high blood pressure and exposure to air pollution are strong, independent risk factors
for numerous cardiovascular diseases including stroke, heart failure, and myocardial
infarction. Given the high prevalence of these risk factors in populations around the world,
our main result, an association with indoor exposure at levels commonly found in the
general population, is an important public health finding.

CONCLUSION

We found that increasing levels of black carbon in the home are associated with increased
systolic (but not diastolic) blood pressure. Individuals with hypertension may be a more
susceptible subpopulation. Further research on the impact of indoor exposure to black
carbon is warranted.
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Practical Implications

Black carbon concentration over the 120-hour sampling period ranged from
0.05 to 8.09 pg/m3, and the average lag time black carbon concentration
(expressed in 24-hour lag periods) was relatively constant. Average
concentration ranged from 0.48-0.78 pg/m3.

For all exposure windows assessed, increasing black carbon was associated
with increasing systolic blood pressureafter adjustment for important
covariates

The black carbon concentration in the period 0—72 hours prior to blood
pressure measurement was associated with the greatest increase in systolic
blood pressure (7.55 mm Hg per 1 pg/m3 change in BC).

Black carbon was not associated with diastolic blood pressure.
Individuals with hypertension may be a susceptible subpopulation.

More research is needed on the impact of indoor air pollution at levels
typically found in homes on blood pressure.
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FIGURE 1.
Adjusted association between a 1 ug/m3 increase in black carbon and systolic blood pressure

(mm Hg), stratified by hypertension status')
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FIGURE 2.
Distribution of black carbon’s effects (B estimate) on systolic blood pressure with 1-h

increases in cumulative black carbon concentration
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TABLE 1A

Demographic characteristics of the study population, N = 76

Characteristic N n (%) or Mean (SD)
Age (years) 76

10-17 5 (6.58)

18-44 52 (68.42)

45-64 16 (21.05)

265 3(3.95)
Sex 76

Male 30 (39.47)

Female 46 (60.53)
Race 76

Black 68 (89.47)

Other 8 (10.53)
Body mass index (categorical) 76

<25 (normal) 15 (19.74)

25-29.9 (overweight) 25 (32.89)

>30 (obese) 36 (47.37)
Income 75

<$25 000 43 (57.33)

$25 000-$50 000 18 (24.00)

>$50000 14 (18.67)
Exposed to smoking in the home 76 24 (31.58)
Current Smoker 62 5 (8.06)
Alcohol consumption (drinks/week)? 7

Non-drinker (0) 12 (16.00)

Light (<1) 37 (49.33)

Moderate (F: 1-8, M 1-15) 25(33.33)

Heavy (F:>8, M:>15) 1(1.33)
Physical activity (days/week)b 3.71(1.72)
Comorbidities

Diabetes (doctor diagnosed) 74 3 (4.05)

Hypertension (doctor diagnosed) 75 22 (29.33)
Taking hypertension Medication 75 17(22.66)
Outdoor temperature (daily average F°)c 76 71.72 (12.89)
Blood pressure, mm Hg 76

Systolic (SBP) 125.39 (12.03)

Diastolic (DBP) 78.96 (9.37)

Elevated (SBP > 120 and DBP > 80) 55 (72.37)

aAverage drinks per week in the previous 12 mo.
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bFor children, the number of days in the previous 7 d spent doing 60 min of physical activity; for adults, the number of days reporting moderate-
intensity sports in a typical week.

c
Day of blood pressure measurement.
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Black carbon concentration (ug/m?3) at various exposure windows

Black Carbon Concentration N

Cumulative daily average (ug/m?3)

0-24 h 72
0-48 h 72
0-72h 72
0-96 h 70
0-120 h 32

Cumulative hourly average (ug/mq)

0-1h 58
0-2h 58
0-4h 58
0-8h 58

Lag time, average (ug/m?3)

0-24h 72
24-48h 74
48-72h 75
72-96 h 73
96-120 h 33

Mean (SD)

051 (0.43)
0.52 (0.47)
0.55 (0.39)
0.62 (0.55)
0.66 (0.69)

0.56 (0.61)
0.54 (0.54)
0.50 (0.48)
0.49 (0.37)

051 (0.43)
053 (0.52)
0.63 (0.67)
0.78 (1.38)
0.48 (0.37)

Range

0.12-2.53
0.05-3.57
0.16-2.27
0.18-3.15
0.20-3.10

0.05-3.08
0.05-2.64
0.05-2.30
0.11-1.63

0.12-2.53
0.05-3.87
0.12-3.67
0.14-8.09
0.05-1.68

TABLE 1B
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Unadijusted association of 1 pg/m? increase in black carbon with change in systolic blood pressure (mm Hg)

Black carbon concentration

N

Cumulative daily average (ug/m3)

0-24 h
0-48 h
0-72h
0-96 h

72
72
72
70

Cumulative hourly average (ug/mq)

0-1h

0-2h

0-4h

0-8h

Lag time, average (ug/md3)

0-24h

24-48 h

48-72h

72-96 h

58
58
58
58

72
74
75
73

B

3.48
5.19
4.37
1.62

3.19
111
2.09
0.64

3.48
4.51
-0.09
0.12

95% ClI

-2.58,9.55
-0.26, 10.64
-2.38,11.12
-3.22,6.45

-1.40,7.78
-3.58,5.81
-3.67,7.86
-7.15, 8.43

-2.58,9.55
-0.43, 9.56
-3.99, 3.81
-1.79, 2.04

P-value

.26
.06
.20
51

a7
.64
A7
.87

.26
.07
.96
.90
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Adjusted association of 1 pg/m?3 increase in black carbon and systolic blood pressure (mm Hg)a

Black carbon concentration

N

Cumulative daily average (ug/m?3)

0-24h
0-48 h
0-72h
0-96 h

72
72
72
70

Cumulative hourly average (ug/m?q)

0-1h

0-2h

0-4h

0-8h

Lag time, average (ug/md)

0-24h

24-48 h

48-72h

72-96 h

58
65
65
67

72
73
73
73

B

4.26
591
7.55
4.83

3.61
4.56
411
3.61

4.25
5.46
1.94
117

95% ClI

-1.38,9.90
0.92, 10.90
1.14,13.96
-0.11,9.79

-0.52,7.76
-0.25,9.37
-1.22,9.45
-3.47,10.70

-1.39,9.90
0.96, 9.97
-1.89,5.78
-0.76, 3.10

14
.02
.02
.06

.09
.06
13
.32

14
.02
31
.23

TABLE 3

P-value

a . .
All models adjusted for race, body mass index, age, and outdoor temperature.
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