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Abstract

Wildfires continue to increase in size, intensity, and duration. There is growing evidence that
wildfire smoke adversely impacts clinical outcomes; however, few studies have assessed the impact
of wildfires on household air quality and subclinical cardiovascular health indicators. We measured
continuous indoor and outdoor fine particulate matter (PM, 5) concentrations from July—October
2022 at 20 residences in the rural, mountainous state of Montana in the United States. We used a
combination of satellite-derived smoke plume data from the National Oceanic and Atmospheric
Administration’s Hazard Mapping System and household-level daily mean PM, 5 concentrations to
classify wildfire-impacted days. One participant from each household self-reported in-home blood
pressure (BP) on weekly electronic surveys. We used linear mixed-effects regression models to
assess associations between air pollution exposures (PM, 5 concentrations; number of
wildfire-impacted days) and systolic BP (SBP) and diastolic BP (DBP). Models were adjusted for
potential time-variant confounders including temperature, humidity, and self-reported exercise.
Compared to survey periods with 0 wildfire days, SBP was 3.83 mmHg higher (95% Confidence
Interval [95% CI]: 0.22, 7.44) and DBP was 2.36 mmHg higher (95% CI: —0.06, 4.78) during
periods with 4+ wildfire days. Across the entire study period, a 10 g m ™~ increase in indoor PM, 5
was associated with 1.34 mmHg higher SBP (95%CI: 0.39, 2.29) and 0.71 mmHg higher DBP (95%
CI: 0.07, 1.35). We observed that wildfire-impacted days and increasing household-level PM, 5
concentrations are associated with higher in-home BP. Our results support growing literature
which indicates that wildfires adversely impact subclinical cardiovascular health. Clinical and
public health messaging should emphasize the cardiovascular health impacts of wildfire smoke and
educate on exposure-reduction strategies such as indoor air filtration.

1. Introduction

Elevated systolic blood pressure (SBP) is the second leading risk factor of disease burden globally [1], putting
individuals at risk for numerous adverse cardiovascular outcomes such as ischemic heart disease, heart
failure, and stroke [2—6]. Measured by disability-adjusted life-years (DALYs; the sum of years of life lost to
premature mortality and years lived with disability) [1], the global disease burden of elevated blood pressure
(BP) has increased as the rate of both elevated SBP and deaths associated with SBP have grown substantially
since 1990 [5]. As a result of the increasing global prevalence of elevated BP, the economic burden of elevated
BP and hypertension is staggering in terms of both direct health costs and indirect impacts on employment
and productivity [7-9].

© 2025 The Author(s). Published by IOP Publishing Ltd
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The leading risk factor of global disease burden is particulate matter air pollution [1]. Exposure to fine
particulate matter air pollution (PM; 5; airborne particles <2.5 pm in aerodynamic diameter) is associated
with elevated BP as well as other cardiovascular disease outcomes [10-13]. On a global scale, air pollution is
the largest environmental risk factor for premature death, with over 6 million deaths attributable to air
pollution exposures from indoor and outdoor origin each year [14]. Outdoor air pollution, from sources
such as traffic, industry, and wildland fires and other biomass burning, is often the focus of scientific research
and air quality guidelines. However, measuring and improving indoor air quality is critically important. In
the United States (US), adults spend around 90% of their time indoors [15], where air quality is adversely
impacted by air pollutants originating from numerous indoor and outdoor sources, including cooking,
biomass burning, and ambient air pollutants that infiltrate indoors [16—18]. Globally, household air
pollution from biomass burning for cooking and heating purposes impacts approximately 3 billion people
and is one of the leading environmental risk factors for premature morbidity and mortality [19]. In short, air
pollution is ubiquitous, as nearly every individual on earth is exposed to some form of air pollution, with
lower-income countries and communities bearing the brunt of this burden [14].

While some sources of outdoor air pollution have decreased in recent decades due to improvements in
policy and technology, air pollution from wildfires is increasing and will continue to do so due to climate
change [20-23]. The burned area from wildfires in the US has nearly quadrupled over the past 40 years, and
the contribution of wildfires to overall PM, 5 in the US has increased, with up to 50% of ambient PM, 5 in
some Western regions now attributed to wildfires [22]. With increasing extreme heat and drought events
under climate change, these trends are expected to continue in the coming decades [20, 22]. In Montana, a
Western US state where this research took place, wildfire season is now 40 d longer than it was just 30 years
ago [24, 25]. Even in the absence of local wildfires, smoke from regional or distant fires often travels
hundreds of miles and impacts health after long-range transport [26].

There is increasing evidence that wildfire-related air pollution adversely impacts all-cause mortality and
cardiovascular and respiratory disease and mortality [27-33]. However, many of the health outcomes studied
previously have been clinical in nature. Due to the difficulty of studying wildfires in field settings, few studies
have assessed how wildfires impact subclinical health and important risk factors for morbidity and mortality
such as BP. Previous research has established likely mechanisms through which particulate matter air
pollution impacts health, including pathways of inflammation and oxidative stress, autonomic nervous
system imbalance, and direct transmission of air pollution constituents into systemic circulation [11]. These
pathways can lead to acute and chronic increases in BP through repeated exposures that increase vascular
dysfunction as well as the progression of chronic disease such as atherosclerosis [11]. Wildfires and other
biomass air pollution sources have a different chemical composition compared to air pollution from urban
areas and may have differential impacts on health [34]. In order to understand the burden of increasing
wildfires and to better frame public health and clinical messaging on risk-reduction strategies towards at-risk
populations, further research is needed to understand how increasing wildfire air pollution impacts BP.

To help inform these gaps in the literature, our aim was to assess indoor and outdoor household-level
PM, 5 and in-home BP over the course of the 2022 wildfire season in the wildfire-impacted state of Montana
in the US.

2. Methods

2.1. Study setting and participants

This study was undertaken in the communities in and around the US city of Missoula in the state of
Montana. With an estimated population of 78 000 in 2023, Missoula is one of the largest cities in the largely
rural state of Montana, which is ranked 4th in land area and 43rd in population (1.1 million residents) out of
the 50 US states as of 2023 [35]. Western Montana commonly experiences waves of wildfire smoke each year
from both local and regional wildfires. The mountainous terrain in the region also amplifies the impact of
wildfire smoke in valley communities such as Missoula, where atmospheric pressure inversions often trap air
pollution in low-lying areas for extended periods, leading to poor air quality throughout the year. According
to the 2024 State of the Air report by the American Lung Association, Missoula is ranked 14th worst for 24 h
particle pollution out of 223 US metropolitan areas [36]. Montana has the highest fraction of mortality
attributable to wildfire PM, 5 of any US state [37].

We recruited a single adult participant from each of 20 households. Participants were recruited on a
rolling basis during June and July of 2022 with the help of a local climate advocacy organization called
Climate Smart Missoula. Eligibility criteria included adults (>18 years of age), non-smoking and living in a
non-smoking household, access to an electronic device to submit online surveys, and living within range of a
cellular data tower so a Wi-Fi hotspot could be used in their home. The study was approved by the University
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of Montana Institutional Review Board, and participants signed a written informed consent form prior to
engaging in any study activities.

All study activities were conducted remotely and were coordinated by University of Montana personnel.
Equipment was mailed to participant households and included a portable upper-arm BP monitor (BP5350,
Omron Healthcare, Inc.) and 2 optical air pollution sensors (PAII-SD, PurpleAir, Inc, USA) that were paired
with a Wi-Fi hotspot (Solis Lite, Skyroam, Inc, USA). After 4 months of participation, participants mailed
equipment back to the University of Montana using pre-paid postage and were compensated for time spent
completing study procedures.

In a prior publication from this study, we further describe study PM; 5 concentrations and associations
with household and demographic characteristics [16]. We found that median daily indoor PM, 5 in study
households was over 4 times higher during wildfire-impacted periods compared to non-wildfire periods
(2.1 pgm—> vs 10.4 ug m—2) [16]. Indoor PM, 5 concentrations and infiltration efficiency (the proportion of
outdoor PM, 5 that infiltrates indoors and remains suspended) varied by household subgroups including
household income, age of the home, and presence of air conditioning units and portable air cleaners [16]. We
have also published results on wildfire exposures and participant-reported activities [38]. We found that as
outdoor PM, 5 increased, participants were less likely to report outdoor exercise or that they opened
windows in their home for ventilation [38]. The analysis and results described below build off this previous
work and describe associations between PM, 5 and in-home BP.

2.2. Exposure assessment

In-depth methods and results on PM, 5 exposure assessment have been published previously [16]. We used
PurpleAir sensors to measure indoor and outdoor PMj s, relative humidity, and temperature at 2 min
intervals at each household over the duration of the study. Prior to deploying the PurpleAir sensors to study
households, we collocated each sensor with a reference monitor (BAM 1020, Met One Instruments, Inc.,
USA) to ensure all sensors were functioning properly [16].

PurpleAir sensors were mailed and set up at study households on a rolling basis after each participant was
enrolled in the study. After participants received their study equipment in the mail, placement and setup of
PurpleAir sensors was guided by written instructions and through a setup call with study personnel. Indoor
sensors were placed in a common room where participants spent a majority of their time while at home.
Participants were instructed to place the sensors 1-2 m above the floor in a representative area that was away
from windows, doorways, the kitchen, and other potential sources of indoor air pollution. Similarly, outdoor
sensors were placed 1-2 m above ground level in an area that avoided other pollution sources such as exhaust
vents or idling vehicles.

After in-home placement of the sensors, participants turned on their Wi-Fi hotspot to begin real time
PurpleAir data transmission to an online database. Data alerts would notify study personnel via email if a
sensor went offline, and participants were then contacted to perform basic troubleshoot to get the sensors
back online.

Since the optical air pollution sensors in the PurpleAirs typically over-predict PM, 5 concentrations, we
developed a correction equation using data from 2 PurpleAir sensors that were collocated with a BAM
reference monitor in Missoula for the duration of the study. Methods describing the development of the
correction equation have been published previously [16].

2.3. Survey administration

Study surveys were administered electronically using a platform called Research Electronic Data Capture
(REDCap; Vanderbilt University and NIH, USA). We used a private dashboard at the University of Montana
to email and track surveys for each participant throughout the study. The surveys and the administration
process have been described previously [16].

Following in-home equipment setup, participants completed a baseline survey on demographics and
household characteristics. Surveys were modified from those used in previous indoor air quality studies
among our research group among similar populations [39-42]. After the baseline survey, participants
completed up to 16 weekly surveys that included questions on activity frequency since the previous survey
and an in-home BP measurement. Questions for the activity survey were modified from the Yale Physical
Activity Survey [43]. A link to complete the weekly survey was emailed to all active participants each Tuesday
afternoon. We asked participants to take their BP at a consistent day and time each week (Tuesday evenings
at 7pm) and submit SBP and diastolic BP (DBP) results on their weekly electronic survey. Participants were
instructed to rest in a seated position for 5 min prior to each measurement. During the measurement,
participants were instructed to remain in a seated position with legs uncrossed, feet flat on the floor, and
arms relaxed with the BP cuff at approximately the level of their heart.
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2.4. Wildfire day definition

We used a multi-step process to specify a Wildfire Smoke Day during our study. As we have described
previously [44], there is not a standard method for how to define a wildfire smoke event. Various studies have
handled this problem differently, largely depending on the type and availability of data within each study. We
have based our definition of a Wildfire Smoke Day on previous work from our group [44] and other studies
with similar timeframes or data availability [45, 46]. Specifically, this process utilized the study outdoor
PurpleAir monitors placed at each participant residence, as well as smoke plume data from the National
Oceanic and Atmospheric Administration’s Hazard Mapping System (HMS). HMS data are categorized into
daily smoke levels of light, medium, and heavy based on opacity of satellite imagery [47].

For our analysis, we first calculated daily mean outdoor PM, 5 concentrations combined across all
participants’ outdoor PurpleAir monitors. We then visually inspected HMS maps of the study area for each
day with mean PM, 5 >10 jg m ™~ to confirm that the area was impacted by smoke plumes (see supplement
for HMS maps) [48]. We used 10 jug m— as a threshold as this was the approximate PM, 5 equivalent for the
lower boundary of a medium smoke plume in prior versions of the HMS product [47]. Eighteen study days
had mean outdoor PM, 5 concentrations of >10 g m™>. Fifteen of these 18 d occurred consecutively during
the period from 2-16 September 2022. The other days with mean outdoor PM, 5 >10 pug m ™~ were August
20, October 10, and 20 October 2022. All but three of the days with mean outdoor PM, 5 >10 g m—> had
either medium or heavy smoke plumes covering the study area (September 16, October 10, and October 20;
see supplement).

After confirming smoke-impacted days according to HMS data, we calculated mean daily PM; 5
concentrations for individual participant residences using outdoor PurpleAir data. We then extracted days
with household-level PM, 5 >21 ug m~2, which approximately corresponds to the lower boundary of a
heavy smoke plume in prior version of the HMS product [47]. Others, including our group, have used
21 g m— daily mean PM, 5 to define a wildfire smoke day in previous studies [16, 45, 46]. Specific to HMS
data, using heavy smoke days gives further confidence that smoke plumes are impacting ground-level PM; 5,
whereas lighter smoke plumes detected through satellite imagery can often be less representative of
ground-level exposures [46, 47]. Using this 21 g m— threshold, we found that 212 of 215 d with PM, 5
>21 g m— at the household level all occurred between 2—15 September 2022. The other 3 d with PM, 5
>21 pg m— occurred on 7-9 October 2022. According to HMS maps, these dates were impacted by light
smoke plumes, and it is possible the elevated PM; 5 was from either prescribed burns or other localized
sources of air pollution such as wood heating stoves.

Following this analysis, our definition of a Wildfire Smoke Day is days in which the study region is
impacted by medium or heavy smoke plumes according to HMS data (2—15 September 2022) and which had
household-level daily mean PM, 5 concentrations >21 pg m~2 according to participant PurpleAir data.

2.5. Statistical analysis

All data cleaning and analyses were performed using R software version 4.3.1 [49]. We calculated descriptive
statistics for numeric variables (n, mean, standard deviation [sd], minimum [min], 25th percentile [P25],
median, 75th percentile [P75], maximum [max]) and categorical variables (n, percent of total [%]). We also
summarized SBP and DBP for all study days and separately for wildfire days and non-wildfire days.

Our primary analysis utilized two modeling frameworks to assess associations between air pollution
exposures and SBP and DBP. In the first framework, the primary exposure variable was household-level
indoor or outdoor PM, 5 concentrations (in separate models) from the study PurpleAir sensors. Specifically,
the exposure variable was mean PM, ;5 between weekly survey submissions for each participant. Results from
this framework are presented as change in BP per 10 ug m ™~ increase in mean PM; 5. In the second
framework, the primary exposure was a categorical variable describing the number of wildfire days in a given
survey period for each participant. The wildfire day variable had 3 levels, including 0 (reference level), 1-3,
and 4+ wildfire days that occurred during a survey period. The cut points for the wildfire day variable were
chosen based on the distribution of the data in order to avoid small numbers in the analysis and have a
similar number in each category. Results from this framework are presented as difference in BP compared to
the reference level of 0 wildfire days in a survey period.

We used linear mixed models to assess associations between air pollution exposures and BP. Models were
adjusted for potential time-variant confounding variables including temperature, relative humidity, and
self-reported exercise/activity. Models also included a random-intercept term for participant to account for
repeated measures and potential time-invariant confounders. In a secondary model we included additional
variables for time of day of BP measurement rounded to the nearest hour, current use of BP medications, and
potential time-invariant confounders including participant sex, age, and education. We assessed model
assumptions and diagnostic plots for each linear regression model. We have included equations for each
modeling framework and variable definitions in the Supplement.
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In addition to the primary modeling frameworks, we have conducted secondary analyses to further
understand the associations between wildfire exposures and BP. In one analysis, we have combined the two
primary modeling frameworks described above. Specifically, the model estimates are the change in BP per
10 ug m— increase in PM, 5 within different levels of the wildfire day variable (0, 1-3, 4+, or any wildfire
days). In a further analysis, we have defined a wildfire period as having a wildfire day on the day of the BP
measurement, as well as on both days prior to the BP measurement. Model estimates are the difference in BP
following a wildfire period compared to a non-wildfire period.

3. Results

3.1. Participant characteristics

The 20 participants had a mean age of 49 years (sd = 16) and were largely female (n = 17, 85%), White

(n =20, 100%), and highly educated (n = 10 or 50% had a Master’s degree or higher) (table 1). Fifty percent
of the participants (n = 10) were employed 40 h or more per week and 4 (20%) were retired. A majority of
the participants either lived with 1 other person in their household (n = 12, 60%) or by themselves (1 = 2,
10%). Current smoking of any kind was part of the exclusion criteria for the study, and 18 (90%) of the
participants reported they had never smoked. Of the 2 participants who had smoked previously, 1 (5%)
smoked for less than 1 year and 1 (5%) for 1-5 years. Four participants (20%) reported having a history of
high low-density lipoprotein cholesterol, and 3 (15%) reported a history of hypertension and were on BP
medications at the time of the study. Fifteen percent of the participants (n = 3) also reported having a history
of each of the following: heart murmur, low high-density lipoprotein cholesterol, and thyroid disease. One
participant (5%) reported history of type-2 diabetes.

3.2. Participant BP and associations with air pollution

Summary statistics for BP for the entire study and separately for wildfire and non-wildfire periods are
presented in table 2. The 20 participants submitted 316 BP measurements over the course of the study, with a
mean of 14 BP measurements per participant (range: 9-16). Mean (sd) SBP and DBP over the entire study
were 113.5 mmHg (14.5) and 75.4 mmHg (8.8), respectively. Mean SBP was higher during the wildfire
period (117.8 mmHg) compared to the non-wildfire period (113.2 mmHg). Mean DBP was also higher
during the wildfire period (77.4 mmHg vs 75.2 mmHg).

Associations between mean indoor and outdoor PM, 5 since the previous health assessment and BP are
presented in table 3 and figure 1. Over the entire study, a 10 ug m 2 increase in outdoor PM, 5 was associated
with a 1.34 mmHg increase in SBP (95% Confidence Interval [CI]: 0.39, 2.29) and a 0.71 mmHg increase in
DBP (95% CI: 0.07, 1.35). Associations were similar between indoor PM, 5 concentrations and BP, although
with wider confidence intervals (table 3, figure 1). Results from secondary models were similar to the
primary models, with somewhat higher estimates for SBP and similar estimates for DBP (table 3).

Associations between wildfire vs non-wildfire impacted periods and BP are presented in table 4 and
figure 2. SBP and DBP were higher during periods with 1-3 wildfire days compared to non-wildfire periods,
although confidence intervals were wide and crossed 0 (SBP estimate: 2.36 mmHg; 95% CI: —1.55, 6.27;
DBP estimate: 0.51 mmHg; 95% CI: —2.12, 3.14). Associations were stronger during periods with 4+
wildfire days compared to non-wildfire periods. For example, SBP was 3.83 mmHg higher (95% CI: 0.22,
7.44) and DBP was 2.36 mmHg higher (95% CI: —0.06, 4.78) during periods with 4+ wildfire days
compared to non-wildfire periods. Results from secondary models were similar to the primary models,
although with somewhat higher estimates for periods with 4+ wildfire days and lower estimates for periods
with 1-3 wildfire days (table 4).

Results in table S1 indicate that the associations between PM; 5 and BP from table 3 are largely driven by
PM, 5 exposures during wildfire periods. For example, a 10 g m™ increase in PM; 5 during a period with
any wildfire days was associated with a 1.85 mmHg increase in SBP (95% CI: —0.09, 3.79), whereas a
10 g m ™~ increase in PM, 5 during a period with no wildfire days was not associated with a meaningful
change in SBP (estimate = — 1.97; 95% CI: —7.92, 3.99). From table S2, results with an alternate wildfire
period definition (wildfire day on the day of the BP measurement and both days prior) had very similar
results to periods with 4+ wildfire days (table 4).

4. Discussion

In this study of adults in Western Montana during the summer of 2022, we found associations between air
pollution exposures and BP during the study using 2 analytical frameworks. A 10 ug m ™2 increase in outdoor
PM, 5 was associated with a 1.34 mmHg increase in SBP and a 0.71 mmHg increase in DBP. We also found
that SBP was 3.83 mmHg higher and DBP was 2.36 mmHg higher during survey periods with 4+ wildfire
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Participant or household characteristic

Summary statistic (N = 20)

Age in years, mean (sd), median (min, max)

49 (16), 43 (29, 80)

Unknown, 7 (%) 3 (15)
Sex
Female, n (%) 17 (85)
Male, 1 (%) 3(15)
Race
White, 1 (%) 20 (100)
Other, n (%) 0(0)
Ethnicity
Not Hispanic, 1 (%) 19 (95)
Unknown, n (%) 1(5)
Household income, USD
<$20000, 1 (%) 0(0)
$20 000 to $34 999, 1 (%) 2(10)
$35 000 to $49 999, 1 (%) 2(10)
$50 000 to $74 999, 1 (%) 4(20)
$75 000 to $99 999, 1 (%) 4(20)
$100 0004, 1 (%) 7 (35)
Unknown, # (%) 1(5)
Education
High school or less, 1 (%) 0(0)
Some college, no degree, 1 (%) 1(5)
Bachelor’s degree, 1 (%) 9 (45)
Master’s degree, 1 (%) 6 (30)
Doctorate or professional degree, n (%) 4(20)
Employment
Up to 39 h per week, n (%) 2 (10)
40 or more hours per week, n (%) 10 (50)
Retired, n (%) 4 (20)
Self-employed, n (%) 3 (15)
Other, n (%) 1(5)
Total residents living in household
1, n (%) 2(10)
2, n (%) 12 (60)
3,1 (%) 3 (15)
4,1 (%) 2(10)
Unknown, n (%) 1(5)
Smoking history
Never smoker, 1 (%) 18 (90)
Ever smoker, 1 (%) 2 (10)
Cigarette use less than 1 year, n (%) 1(5)
Cigarette use 1-5 years, n (%) 1(5)
Health history
Asthma, n (%) 2 (10)
Abnormal heart rhythm, n (%) 1(5)
Heart murmur, n (%) 3 (15)
Hypertension, #n (%) 3 (15)
Current blood pressure medications, 1 (%) 3 (15)
High low-density lipoprotein cholesterol, # (%) 4 (20)
Low high-density lipoprotein cholesterol, n1 (%) 3 (15)
Circulation problems, 7 (%) 1(5)
Type 2 diabetes, n (%) 1(5)
Thyroid disease, n (%) 3 (15)
Anemia, n (%) 1(5)

sd = standard deviation; USD = United States Dollars; min = minimum; max = maximum.

E S Walker et al

Table 1. Demographic and health history characteristics among 20 study participants in Western Montana, 2022.
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Table 2. Summary statistics for blood pressure among 20 participants in Western Montana, June through October 2022.

All study days Wildfire days Non-wildfire days
(n = 2,328) (n=212) (n=2,116)
n

o mean (standard deviation)

utcome 25th percentile, median, 75th percentile

Systolic blood pressure, mmHg 316 32 251
113.5 (14.5) 117.8 (17.0) 113.2 (14.5)
104, 112, 122 107,117, 126 103,111, 122

Diastolic blood pressure, mmHg 316 32 251
75.4 (8.8) 77.4 (9.5) 75.2 (8.8)
69, 74, 81 68,79, 83 69, 74, 80

Table 3. Associations between fine particulate matter and blood pressure among 20 participants in Western Montana, June through
October 2022.

Outdoor PM,5 (g m73) Indoor PM5 (g m73)
Outcome n Estimate (95% CI) n Estimate (95% CI)
Systolic blood pressure, 272 1.34 266 1.48
mmHg (primary model) (0.39, 2.29) (—0.28,3.24)
Systolic blood pressure, 231 1.61 225 2.17
mmHg (secondary model) (0.49, 2.74) (0.12,4.22)
Diastolic blood pressure, 271 0.71 265 0.77
mmHg (primary model) (0.07, 1.35) (—0.44,1.97)
Diastolic blood pressure, 230 0.72 224 0.77
mmHg (secondary model) (—0.01, 1.44) (—0.57,2.10)

PM, 5 = fine particulate matter; CI = confidence interval; # = number of observations in the model.
Results are from linear mixed models with SBP or DBP as the outcome and PM; 5 since the previous
health assessment as the exposure. Estimates are expressed as change in BP per 10 g m—2 increase in
PM, 5. Models include fixed terms for potential time-variant confounders including temperature,
humidity, and self-reported indoor and outdoor exercise since the previous health assessment. Models also
include a random term for participant to account for repeated measures. Secondary models also include
fixed terms for time of day of BP measurement rounded to the nearest hour, current use of BP
medications, and potential time-invariant confounders including participant sex, age, and education.

days compared to non-wildfire periods. As wildfires continue to increase under climate change, these results
are important contributions to the literature on the cardiovascular health impacts of wildfire air pollution.

Although there is extensive literature on the cardiovascular health effects of ambient air pollution
exposures [11-13], including impacts on BP specifically [10], much of the existing research has been related
to ambient air pollution exposures in urban environments that are largely from traffic and industrial sources.
In a meta-analysis of associations between ambient air pollution and BP by Yang et al (2018), results from 30
studies on short-term effects of PM, 5 exposure showed a 0.53 mmHg increase in SBP (95% CI: 0.26, 0.80)
and a 0.20 mmHg increase in DBP (95% CI: 0.02, 0.38) per 10 g m~? increase in PM, 5 [10]. Effects from
36 studies on long-term PMj; 5 exposure were less consistent, with a non-significant 0.37 mmHg increase in
SBP (95% CI: —0.65, 1.39) and a 0.47 mmHg increase in DBP (95% CI: 0.12, 0.82) per 10 ug m ™2 increase in
PM, 5 [10]. By comparison, the associations we observed between short-term PM, 5 and BP in a rural,
mountainous region during wildfire season were 2—3 times larger than the overall association between
short-term PM, 5 and BP in the meta-analysis. However, it should also be noted that there was high
heterogeneity in the study designs used in the meta-analysis, and the associations we have reported in tables 3
and S1 fall within a similar range of many of the individual studies in the meta-analysis. There are also
associations between biomass air pollution exposures and BP from controlled exposure studies with both
human and animal models [50-52], as well as studies on the use of wood fuels for cooking and heating
[53-56].

In contrast, few studies have assessed the impact of wildfire-emitted air pollution exposures on BP due to
the numerous logistical constraints of conducting field studies during wildfire events. Wildfires are difficult
to predict, and field studies are logistically burdensome to conduct. As such, most of the previous studies on
wildfire health impacts have been epidemiologic in nature, utilizing exposures from air pollution models or
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Results are from linear mixed models with SBP or DBP as the outcome and PM; 5 since the previous health assessment as the
exposure. Estimates are expressed as change in blood pressure per 10 ug m~? increase in PM, 5. Models include fixed terms for
potential time-variant confounders including temperature, humidity, and self-reported indoor and outdoor exercise since the
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Figure 1. Associations between indoor and outdoor fine particulate matter and in-home blood pressure among 20 participants in

previous health assessment. Models also include a random term for participant to account for repeated measures.

Table 4. Blood pressure during wildfire vs non-wildfire periods among 20 participants in Western Montana, June through October 2022.

Estimate
QOutcome Exposure n (95% CI)
Systolic blood pressure, Non-wildfire period 222 Reference
mmHg (primary model) 1-3 wildfire days 21 2.36 (—1.55,6.27)
4+ wildfire days 29 3.83 (0.22, 7.44)
Systolic blood pressure, Non-wildfire period 189 Reference
mmHg (secondary model)  1-3 wildfire days 16 0.33 (—4.53,5.19)
4+ wildfire days 26 4.95 (0.75, 9.15)
Diastolic blood pressure, Non-wildfire period 221 Reference
mmHg (primary model) 1-3 wildfire days 21 0.51 (—2.12, 3.14)
4+ wildfire days 29 2.36 (—0.06, 4.78)
Diastolic blood pressure, Non-wildfire period 188 Reference
mmHg (secondary model)  1-3 wildfire days 16 0.15 (—2.95, 3.26)
4+ wildfire days 26 2.80 (0.12, 5.48)

CI = confidence interval; n = number of observations in the model.

Results are from linear mixed models with SBP or DBP as the outcome and wildfire day classification as the

exposure. Estimates are expressed as difference in BP compared to reference. Models include fixed terms for

potential time-variant confounders including temperature, humidity, and self-reported indoor and outdoor

exercise since the previous health assessment. Models also include a random term for participant to account for

repeated measures. Secondary models also include fixed terms for time of day of BP measurement rounded to the

nearest hour, current use of BP medications, and potential time-invariant confounders including participant sex,

age, and education.

stationary monitors and clinical outcomes from electronic health records [29]. A study during the Athens,
Greece wildfires of 2021 assessed in-home BP and PM, 5 among 20 adults under treatment for hypertension
[57]. The authors reported a 1.3 mmHg increase in SBP per 1 g m ™ increase in ambient PM, 5 from the
nearest stationary monitor after adjusting for smoking status [57]. To our knowledge, ours is the only other
study to date to assess wildfire air pollution and in-home BP. While our results are smaller in magnitude (our
associations are per 10 g m ™ increase in PMj 5, consistent with the Yang et al meta-analysis), our study also
implemented more robust, household-level exposure assessment with longer follow-up [16]. Our findings
from table S1 also suggest stronger associations between PM, 5 and BP during periods impacted by wildfire

compared to associations throughout the entire study. Other differences in health assessments, study

population, composition of the air pollution during the studies, and study design all could have led to the
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Figure 2. Associations between wildfire vs non-wildfire impacted periods and in-home blood pressure among 20 participants in
Western Montana, June through October 2022.

BP = blood pressure.

Results are from linear mixed models with SBP or DBP as the outcome and wildfire day classification as the exposure. Exposure
levels indicate the number of wildfire days since the previous BP measurement. Estimates are expressed as difference in BP
compared to the reference level of zero wildfire days. Models include fixed terms for potential time-variant confounders including
temperature, humidity, and self-reported indoor and outdoor exercise since the previous health assessment. Models also include a
random term for participant to account for repeated measures.

different magnitude of the results of these studies. Overall, however, both studies indicate an adverse
association between wildfire air pollution exposures and SBP.

Wildfires are increasing globally and will continue to worsen under climate change [20, 22, 23]. Air
pollution from biomass sources such as wildfires, as opposed to ambient air pollution from other sources,
has a different chemical composition of pollutants and may have differential impacts on health [29, 34].
There is also evidence that local wildfire smoke and long-range transport smoke from distant fires may have
differential impacts on health [26]. As wildfires increase and make up a larger proportion of ambient air
pollution [22, 23], it is crucial that we understand the impact on public health. BP as an outcome is
particularly important due to the global burden of hypertension and the impact on cardiovascular disease
progression [5]. While acute clinical outcomes such as myocardial infarction are important, BP is a
representation of underlying, chronic cardiovascular disease. By understanding the impact of wildfires on BP,
we can emphasize the importance of public health interventions to more consistently reduce the adverse
health impacts of wildfire air pollution.

Another strength of our study that is crucial to understanding the impact of wildfire smoke and
intervention strategies is that we measured both indoor and outdoor PM, 5 at each participant’s household.
Associations between BP and indoor and outdoor PM, 5 were similar in this study (table 3), further
demonstrating a need for intervention strategies that can improve indoor air quality and subsequent health
outcomes. In a systematic review and meta-analysis of 10 trials assessing the impact of indoor air filtration on
BP, Walzer et al reported that use of portable air cleaners (PACs) to filter indoor air led to 3.94 mmHg lower
SBP and 0.95 mmHg lower DBP among over 600 participants with a median follow-up of 13.5 d [58]. A more
recent study in New York City assessed the impacts of reduction in PM, 5 through air filtration on in-home
BP. Authors reported that air filtration had a non-significant reduction in SBP (129.6 mmHg for filtration
arm vs 134.6 mmHg for sham arm) [59]. Given the impact that air filters and other behaviors can have on
reducing exposure to PM; 5 and lowering BP, clinicians can play an important role by educating patients with
existing cardiovascular disease on the importance of air pollution exposures and advise on behaviors and
strategies for reducing exposures [31, 60]. Clinical researchers have provided a potential framework through
screening for air pollution exposures and outlining targeted intervention strategies that can be evaluated in
future studies to reduce exposures to air pollution and subsequently improve health [31, 60].

Although our sample size of 20 participants is small, a strength of our study was the repeated measures of
up to 16 in-home BP measurements per participant over the course of an entire wildfire season. The
generalizability of our results may also be limited, as our participants were recruited from a local climate
advocacy organization and mostly identified as white and female. However, our findings in this pilot study
highlight the feasibility of a distance-based field study with household-level PM; 5 measurements and
subclinical health outcomes. It is also important to emphasize that our study population was made up of
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generally healthy adults with few comorbidities and only 3 participants with diagnosed hypertension

(table 1). It is possible that associations between wildfire air pollution and BP could be different among a
more clinically susceptible population, and our study framework will be applied to more representative and
vulnerable populations in future research. Finally, the 2022 wildfire season in Montana was relatively mild
compared to other recent years, and only around 2 weeks of the 4 month study were impacted by wildfire
smoke. Our previously published work from this study highlights the contrast in PM; 5 during wildfire
versus non-wildfire periods [16]. During non-wildfire periods, mean 24 h outdoor PM, 5 across all study
households was 3.6 ug m— (sd = 5.2, median = 2.1). In contrast, mean 24 h outdoor PM, 5 across all study
households during the wildfire period was 15.9 ug m™> (sd = 14.7, median = 10.4). Using these data, we
were also able to assess associations with BP during the distinct wildfire and non-wildfire periods (table S1).
This analysis and the results from table S1 show that the associations between PM, 5 and BP from table 3 are
largely driven by PM, 5 from the wildfire periods and that there was no meaningful association between
PM, 5 and BP during the non-wildfire periods. Although it is possible associations would be different in a
study with higher wildfire smoke exposures, our results also highlight the importance of our distance-based
methods. Even in a mild wildfire year, our novel methods allowed us to conduct this research in a field setting
to better understand the subclinical health impacts of wildfires.

5. Conclusion

Our results add to the growing body of evidence that wildfire air pollution exposures adversely impact health
outcomes including BP. Given the increasing threat of wildfires under climate change, and the global burden
of BP and hypertensive disorders on cardiovascular disease and mortality, our findings highlight the
importance of improved messaging on the health impacts of wildfires and effective strategies to reduce
exposures to wildfire smoke. Such strategies are particularly important for clinically susceptible populations,
such as those with existing cardiovascular disease. Clinicians and public health professionals alike can play an
important role in delivering education and practical recommendations such as utilizing air filters to improve
indoor air quality.

Data availability statement

The data cannot be made publicly available upon publication because they contain sensitive personal
information. The data that support the findings of this study are available upon reasonable request from the
authors.

Acknowledgment

The authors thank the participants for their time and feedback that made this research possible. The authors
also thank Kathrene Conway for helping develop the electronic survey administration, Amy Cilimburg of
Climate Smart Missoula for assistance with participant recruitment, and Abby Mclver and Dave Jones for
supporting the initial stages of equipment setup, recruitment, and data collection.

Ethics approval, compliance, and consent to participate

The study was approved by the University of Montana Institutional Review Board, and participants signed a
written informed consent form prior to engaging in any study activities. The authors certify that the study
was performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and
its later amendments.

Conflict of interest

On behalf of all authors, the corresponding author states that there is no conflict of interest.

Funding

This research was conducted at the University of Montana Center for Population Health Research (CPHR).
CPHR is supported by the National Institute of General Medical Sciences (NIGMS) of the National Institutes

of Health (NIH) Award Number P20GM130418. The contents are solely the responsibility of the authors and
do not necessarily represent the official views of NIGMS or NIH.

10



10P Publishing

Environ. Res.: Health 3 (2025) 035002 E S Walker et al

Author contributions

Ethan S Walker: Conceptualization (lead), Data Collection (equal), Methodology (lead), Writing—original
draft (lead), Writing—review and editing (lead), Analysis and visualizations (lead); Taylor Stewart: Data
Collection (equal), Methodology (supporting), Writing—original draft (supporting), Writing—review and
editing (supporting); Rajesh Vedanthan: Writing—original draft (supporting), Writing—review and editing
(supporting); Daniel B Spoon: Methodology (supporting), Writing—review and editing (supporting).

ORCID iD
Ethan S Walker ® https://orcid.org/0000-0002-4405-8568

References

[1] Collaborators G B D R F 2024 Global burden and strength of evidence for 88 risk factors in 204 countries and 811 subnational
locations, 1990-2021: a systematic analysis for the global burden of disease study 2021 Lancet 403 2162-203
(2] Yusuf S et al 2004 Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study Lancet 364 937—52
[3] Lewington S et al 2002 Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for
one million adults in 61 prospective studies Lancet 360 1903—13
[4] O’Donnell M J et al 2010 Risk factors for ischaemic and intracerebral haemorrhagic stroke in 22 countries (the INTERSTROKE
study): a case-control study Lancet 376 112-23
[5] Forouzanfar M H et al 2017 Global burden of hypertension and systolic blood pressure of at least 110-115 mm Hg, 1990-2015
JAMA 317 165-82
[6] Rapsomaniki E et al 2014 Blood pressure and incidence of twelve cardiovascular diseases: lifetime risks, healthy life-years lost, and
age-specific associations in 1.25 million people Lancet 383 1899-911
[7] Benjamin E J et al 2017 Heart disease and stroke Statistics-2017 update: a report from the American heart association Circulation
135 e146—-603
[8] Wang G, Fang J and Ayala C 2014 Hypertension-associated hospitalizations and costs in the United States, 1979-2006 Blood Press
23 126-33
[9] Gheorghe A, Griffiths U, Murphy A, Legido-Quigley H, Lamptey P and Perel P 2018 The economic burden of cardiovascular
disease and hypertension in low- and middle-income countries: a systematic review BMC Public Health 18 975
[10] Yang BY, Qian Z, Howard S W, Vaughn M G, Fan S-J, Liu K-K and Dong G-H 2018 Global association between ambient air
pollution and blood pressure: a systematic review and meta-analysis Environ. pollut. 235 576-88
[11] Brook R D et al 2010 Particulate matter air pollution and cardiovascular disease: an update to the scientific statement from the
American heart association Circulation 121 2331-78
[12] Franklin B A, Brook R and Arden Pope C 3rd 2015 Air pollution and cardiovascular disease Curr. Probl. Cardiol. 40 207-38
[13] Rajagopalan S, Al-Kindi S G and Brook R D 2018 Air pollution and cardiovascular disease: JACC state-of-the-art review J. Am. Coll
Cardiol. 72 205470
[14] Collaborators G B D R F 2020 Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a systematic analysis for
the global burden of disease study 2019 Lancet 396 1223-49
[15] Klepeis N E, Nelson W C, OTT W R, Robinson J P, Tsang A M, Switzer P, Behar ] V, Hern S C and Engelmann W H 2001 The
National Human Activity Pattern Survey (NHAPS): a resource for assessing exposure to environmental pollutants J. Expo Anal.
Environ. Epidemiol. 11 231-52
[16] Walker E S, Stewart T and Jones D 2023 Fine particulate matter infiltration at Western Montana residences during wildfire season
Sci. Total Environ. 896 165238
[17] Sigsgaard T et al 2015 Health impacts of anthropogenic biomass burning in the developed world Eur. Respir. J. 46 1577-88
[18] O’Dell K et al 2022 Outside in: the relationship between indoor and outdoor particulate air quality during wildfire smoke events in
western US cities Environ. Res. 1 015003
[19] Bruce N, Pope D, Rehfuess E, Balakrishnan K, Adair-Rohani H and Dora C 2015 WHO indoor air quality guidelines on household
fuel combustion: strategy implications of new evidence on interventions and exposure—risk functions Atmos. Environ. 106 451-7
[20] LiuJ C, Mickley L J, Sulprizio M P, Dominici F, Yue X, Ebisu K, Anderson G B, Khan R F A, Bravo M A and Bell M L 2016
Particulate air pollution from wildfires in the Western US under climate change Clim. Change 138 655-66
[21] Neumann J E, Amend M, Anenberg S, Kinney P L, Sarofim M, Martinich J, Lukens J, Xu J-W and Roman H 2021 Estimating
PM2.5-related premature mortality and morbidity associated with future wildfire emissions in the western US Environ. Res. Lett.
16 035019
[22] Burke M, Driscoll A, Heft-Neal S, Xue J, Burney J and Wara M 2021 The changing risk and burden of wildfire in the United States
Proc. Natl Acad. Sci. USA 118 2011048118
[23] Burke M, Childs M L, de la Cuesta B, Qiu M, Li J, Gould C F, Heft-Neal S and Wara M 2023 The contribution of wildfire to
PM(2.5) trends in the USA Nature 622 761-6
[24] Freeborn P H, Jolly W M and Cochrane M A 2016 Impacts of changing fire weather conditions on reconstructed trends in U.S.
wildland fire activity from 1979 to 2014 J. Geophys. Res. 121 2856-76
[25] Montana Forest Action Advisory Council 2020 Montana forest action plan
[26] Magzamen S, Gan R W, Liu J, O’Dell K, Ford B, Berg K, Bol K, Wilson A, Fischer E V and Pierce J R 2021 Differential
cardiopulmonary health impacts of local and long-range transport of wildfire smoke Geohealth 5 €2020GH000330
[27] Cascio W E 2018 Wildland fire smoke and human health Sci. Total Environ. 624 58695
[28] Amjad S, Chojecki D, Osornio-Vargas A and Ospina M B 2021 Wildfire exposure during pregnancy and the risk of adverse birth
outcomes: a systematic review Environ. Int. 156 106644
[29] Chen H, Samet ] M, Bromberg P A and Tong H 2021 Cardiovascular health impacts of wildfire smoke exposure Part Fibre Toxicol.
182

11


https://orcid.org/0000-0002-4405-8568
https://orcid.org/0000-0002-4405-8568
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1016/S0140-6736(24)00933-4
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/S0140-6736(10)60834-3
https://doi.org/10.1016/S0140-6736(10)60834-3
https://doi.org/10.1001/jama.2016.19043
https://doi.org/10.1001/jama.2016.19043
https://doi.org/10.1016/S0140-6736(14)60685-1
https://doi.org/10.1016/S0140-6736(14)60685-1
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.3109/08037051.2013.814751
https://doi.org/10.3109/08037051.2013.814751
https://doi.org/10.1186/s12889-018-5806-x
https://doi.org/10.1186/s12889-018-5806-x
https://doi.org/10.1016/j.envpol.2018.01.001
https://doi.org/10.1016/j.envpol.2018.01.001
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1161/CIR.0b013e3181dbece1
https://doi.org/10.1016/j.cpcardiol.2015.01.003
https://doi.org/10.1016/j.cpcardiol.2015.01.003
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1038/sj.jea.7500165
https://doi.org/10.1038/sj.jea.7500165
https://doi.org/10.1016/j.scitotenv.2023.165238
https://doi.org/10.1016/j.scitotenv.2023.165238
https://doi.org/10.1183/13993003.01865-2014
https://doi.org/10.1183/13993003.01865-2014
https://doi.org/10.1088/2752-5309/ac7d69
https://doi.org/10.1088/2752-5309/ac7d69
https://doi.org/10.1016/j.atmosenv.2014.08.064
https://doi.org/10.1016/j.atmosenv.2014.08.064
https://doi.org/10.1007/s10584-016-1762-6
https://doi.org/10.1007/s10584-016-1762-6
https://doi.org/10.1088/1748-9326/abe82b
https://doi.org/10.1088/1748-9326/abe82b
https://doi.org/10.1073/pnas.2011048118
https://doi.org/10.1073/pnas.2011048118
https://doi.org/10.1038/s41586-023-06522-6
https://doi.org/10.1038/s41586-023-06522-6
https://doi.org/10.1002/2016jg003617
https://doi.org/10.1002/2016jg003617
https://doi.org/10.1029/2020GH000330
https://doi.org/10.1029/2020GH000330
https://doi.org/10.1016/j.scitotenv.2017.12.086
https://doi.org/10.1016/j.scitotenv.2017.12.086
https://doi.org/10.1016/j.envint.2021.106644
https://doi.org/10.1016/j.envint.2021.106644
https://doi.org/10.1186/s12989-020-00394-8
https://doi.org/10.1186/s12989-020-00394-8

10P Publishing

Environ. Res.: Health 3 (2025) 035002 E S Walker et al

[30] Gao Y, Huang W, Yu P, Xu R, Yang Z, Gasevic D, Ye T, Guo Y and Li S 2023 Long-term impacts of non-occupational wildfire
exposure on human health: a systematic review Environ. pollut. 320 121041

[31] Hadley M B, Henderson S B, Brauer M and Vedanthan R 2022 Protecting cardiovascular health from wildfire smoke Circulation
146 788-801

[32] Reid CE, Brauer M, Johnston F H, Jerrett M, Balmes J R and Elliott C T 2016 Critical review of health impacts of wildfire smoke
exposure Environ. Health Perspect. 124 133443

[33] To P, Eboreime E and Agyapong V I O 2021 The impact of wildfires on mental health: a scoping review Behav. Sci. 11 126

[34] Xu R et al 2020 Wildfires, global climate change, and human health New Engl. J. Med. 383 2173-81

[35] Bureau U C 2023 QuickFacts: montana; Missoula city, Montana (available at: www.census.gov/quickfacts/fact/table/
MT,missoulacitymontana/LFE305222)

[36] Association A L 2024 State of the Air: missoula, Montana (available at: www.lung.org/research/sota/city-rankings/msas/missoula-
mt#pm24)

[37] O’Dell K, Bilsback K, Ford B, Martenies S E, Magzamen S, Fischer E V and Pierce ] R 2021 Estimated mortality and morbidity
attributable to smoke plumes in the United States: not Just a Western US problem Geohealth 5 e2021GH000457

[38] Stewart T, Monroe A, Mullan K, Jones D, MclIver A and Walker E S 2024 Behavioral responses to wildfire smoke: a case study in
Western Montana J. Commun. Health 50 31-44

[39] Walker E S et al 2022 Efficacy of air filtration and education interventions on indoor fine particulate matter and child lower
respiratory tract infections among rural U.S. Homes heated with wood stoves: results from the KidsAIR randomized Trial Environ.
Health Perspect. 130 47002

[40] Walker E S et al 2022 Efficacy of air filtration and education interventions on fine particulate matter among rural Native American
homes heated with wood stoves: results from the EldersAIR randomized trial Sci. Total Environ. 843 157029

[41] Walker E S et al 2021 Indoor fine particulate matter and demographic, household, and wood stove characteristics among rural US
homes heated with wood fuel Indoor Air 31 1109-24

[42] Noonan C W et al 2019 Wood stove interventions and child respiratory infections in rural communities: kidsAir rationale and
methods Contemp Clin. Trials 89 105909

[43] Dipetro L, Caspersen C J, Ostfeld A M and Nadel E R 1993 A survey for assessing physical activity among older adults Med. Sci.
Sports Exercise 25 628—42

[44] Montrose L, Walker E S, Toevs S and Noonan C W 2022 Outdoor and indoor fine particulate matter at skilled nursing facilities in
the western United States during wildfire and non-wildfire seasons Indoor Air 32 e13060

[45] Doubleday A, Schulte ], Sheppard L, Kadlec M, Dhammapala R, Fox J and Busch Isaksen T 2020 Mortality associated with wildfire
smoke exposure in Washington state, 2006—2017: a case-crossover study Environ. Health 19 4

[46] Zhou X, Josey K, Kamareddine L, Caine M C, Liu T, Mickley L J, Cooper M and Dominici F 2021 Excess of COVID-19 cases and
deaths due to fine particulate matter exposure during the 2020 wildfires in the United States Sci. Adv. 7 eabi8789

[47] Liu T J, Panday F M, Caine M C, Kelp M, Pendergrass D C, Mickley L J, Ellicott E A, Marlier M E, Ahmadov R and James E P 2024
Is the smoke aloft? Caveats regarding the use of the Hazard Mapping System (HMS) smoke product as a proxy for surface smoke
presence across the United States Int. J. Wildland Fire 33 WF23148

(48] Earth Engine Apps 2025 HMS Smoke Explorer (available at: https://globalfires.earthengine.app/view/hms-smoke)

[49] R Core Team 2024 R: a language and environment for statistical computing

[50] Fedak KM et al 2019 Acute effects on blood pressure following controlled exposure to cookstove air pollution in the STOVES study
J. Am. Heart Assoc. 8 012246

[51] Williams V A et al 2024 Impact of wildfires on cardiovascular health Circ Res. 134 1061-82

[52] Walker E S et al 2020 Acute differences in pulse wave velocity, augmentation index, and central pulse pressure following controlled
exposures to cookstove air pollution in the Subclinical Tests of Volunteers Exposed to Smoke (SToVES) study Environ. Res.
180 108831

[53] Baumgartner J, Carter E, Schauer ] J, Ezzati M, Daskalopoulou S S, Valois M-F, Shan M and Yang X 2018 Household air pollution
and measures of blood pressure, arterial stiffness and central haemodynamics Heart 104 1515-21

[54] Baumgartner J et al 2011 Indoor air pollution and blood pressure in adult women living in rural China Environ. Health Perspect.
119 1390-5

[55] Young B N et al 2019 Exposure to household air pollution from biomass cookstoves and blood pressure among women in rural
Honduras: a cross-sectional study Indoor Air 29 130—42

[56] Clark M L, Bachand A M, Heiderscheidt ] M, Yoder S A, Luna B, Volckens J, Koehler K A, Conway S, Reynolds S J and Peel ] L 2013
Impact of a cleaner-burning cookstove intervention on blood pressure in Nicaraguan women Indoor Air 23 105-14

[57] Andreadis E A et al 2022 Air pollution and home blood pressure: the 2021 Athens wildfires High Blood Press Cardiovasc. Prevention
29 619-24

[58] Walzer D, Gordon T, Thorpe L, Thurston G, Xia Y, Zhong H, Roberts T R, Hochman J S and Newman J D 2020 Effects of home
particulate air filtration on blood pressure: a systematic review Hypertension 76 44—50

[59] Wittkopp S, Anastasiou E, Hu ], Liu M, Langford A T, Brook R D, Gordon T, Thorpe L E and Newman ] D 2023 Portable air cleaners
and home systolic blood pressure in adults with hypertension living in New York city public housing J. Am. Heart Assoc. 12 €029697

[60] Hadley M B, Baumgartner J and Vedanthan R 2018 Developing a slth Circulation 137 725-42

12


https://doi.org/10.1016/j.envpol.2023.121041
https://doi.org/10.1016/j.envpol.2023.121041
https://doi.org/10.1161/CIRCULATIONAHA.121.058058
https://doi.org/10.1161/CIRCULATIONAHA.121.058058
https://doi.org/10.1289/ehp.1409277
https://doi.org/10.1289/ehp.1409277
https://doi.org/10.3390/bs11090126
https://doi.org/10.3390/bs11090126
https://doi.org/10.1056/NEJMsr2028985
https://doi.org/10.1056/NEJMsr2028985
https://www.census.gov/quickfacts/fact/table/MT,missoulacitymontana/LFE305222
https://www.census.gov/quickfacts/fact/table/MT,missoulacitymontana/LFE305222
https://www.lung.org/research/sota/city-rankings/msas/missoula-mt#pm24
https://www.lung.org/research/sota/city-rankings/msas/missoula-mt#pm24
https://doi.org/10.1029/2021GH000457
https://doi.org/10.1029/2021GH000457
https://doi.org/10.1007/s10900-024-01390-1
https://doi.org/10.1007/s10900-024-01390-1
https://doi.org/10.1289/EHP9932
https://doi.org/10.1289/EHP9932
https://doi.org/10.1016/j.scitotenv.2022.157029
https://doi.org/10.1016/j.scitotenv.2022.157029
https://doi.org/10.1111/ina.12808
https://doi.org/10.1111/ina.12808
https://doi.org/10.1016/j.cct.2019.105909
https://doi.org/10.1016/j.cct.2019.105909
https://doi.org/10.1111/ina.13060
https://doi.org/10.1111/ina.13060
https://doi.org/10.1186/s12940-020-0559-2
https://doi.org/10.1186/s12940-020-0559-2
https://doi.org/10.1126/sciadv.abi8789
https://doi.org/10.1126/sciadv.abi8789
https://doi.org/10.1071/Wf23148
https://doi.org/10.1071/Wf23148
https://globalfires.earthengine.app/view/hms-smoke
https://doi.org/10.1161/JAHA.119.012246
https://doi.org/10.1161/JAHA.119.012246
https://doi.org/10.1161/CIRCRESAHA.124.323614
https://doi.org/10.1161/CIRCRESAHA.124.323614
https://doi.org/10.1016/j.envres.2019.108831
https://doi.org/10.1016/j.envres.2019.108831
https://doi.org/10.1136/heartjnl-2017-312595
https://doi.org/10.1136/heartjnl-2017-312595
https://doi.org/10.1289/ehp.1003371
https://doi.org/10.1289/ehp.1003371
https://doi.org/10.1111/ina.12507
https://doi.org/10.1111/ina.12507
https://doi.org/10.1111/ina.12003
https://doi.org/10.1111/ina.12003
https://doi.org/10.1007/s40292-022-00547-0
https://doi.org/10.1007/s40292-022-00547-0
https://doi.org/10.1161/HYPERTENSIONAHA.119.14456
https://doi.org/10.1161/HYPERTENSIONAHA.119.14456
https://doi.org/10.1161/JAHA.123.029697
https://doi.org/10.1161/JAHA.123.029697
https://doi.org/10.1161/CIRCULATIONAHA.117.030377
https://doi.org/10.1161/CIRCULATIONAHA.117.030377

	Associations between fine particulate matter and in-home blood pressure during the 2022 wildfire season in Western Montana, USA
	1. Introduction
	2. Methods
	2.1. Study setting and participants
	2.2. Exposure assessment
	2.3. Survey administration
	2.4. Wildfire day definition
	2.5. Statistical analysis

	3. Results
	3.1. Participant characteristics
	3.2. Participant BP and associations with air pollution

	4. Discussion
	5. Conclusion
	References


