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Abstract
Purpose

Because pulmonary exacerbations in cystic �brosis cause a step-wise decline in FEV1 function and
contribute signi�cantly to disease progression, it is important to identify potential environmental triggers.
Studies have been done on general air quality and its relationship to cystic �brosis disease activity, but
none have examined air pollution caused by wild�re smoke. Our study intends to better understand this
relationship.

Methods

A retrospective cohort study was conducted using data collected from people with cystic �brosis (CF)
between 2012 and 2019. Data on pulmonary exacerbations was extracted from the patient registry
hosted and maintained by the Cystic Fibrosis Foundation. Exposures were determined using
measurements of �ne particulate matter (PM2.5) from the Environmental Protection Agency. A logistic
regression model was created in order to identify both univariate and adjusted odds ratios and their
associated con�dence intervals.

Results

82.7% (n = 415) of individuals with CF experienced an exposure to wild�re smoke during the study period.
The adjusted odds ratio for a pulmonary exacerbation within one month following an exposure to wild�re
smoke was 1.50 (95% CI = 1.13 – 1.99, p = 0.006) for adults and 0.92 (95% CI = 0.69 – 1.23, p = 0.578)
for children.

Conclusion

Wild�re smoke exposure is associated with severe pulmonary exacerbation in adults but not in children.
This suggests that wild�re smoke may be an environmental risk factor for exacerbation in adults with CF.
Further study is needed to understand why and how wild�re smoke exposure affects adult with CF
differently than the pediatric population.

Introduction
In people with cystic �brosis, pulmonary exacerbations are associated with a decreased quality of life,
increased morbidity and mortality, and stepwise disease progression [1]. For these reasons, it is important
to better understand the mechanisms driving exacerbations as well as to identify potential triggers.
Another motivation for this work is that people with CF have identi�ed environmental effects on disease
course as a research priority. In a recent survey of 1900 members of the CF patient community,
geographic and environmental factors in�uencing respiratory health was selected as one of the top-three
funding priorities [2].
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Overall poor air quality has been shown to be associated with pulmonary exacerbations in cystic �brosis
patients [3–5], but the relationship between air pollution caused by wild�re smoke and CF exacerbations
has not been investigated. Wild�res are a unique cause of pollution affecting both urban and rural areas,
and can cause extremely poor air quality over a relatively short period of time in a region that otherwise
enjoys good air quality. Some evidence from the general population has suggested that smoke from
wild�re may have different health effects than other kinds of air pollutants, either due to the size of the
particulate or its chemical composition. Other studies have found a relationship between exposure to
wild�re and general respiratory hospital admissions, increases in asthma symptoms, and COPD
exacerbations [6 7]. This is the �rst study, however, to examine the relationship between wild�re-generated
air pollution and cystic �brosis disease activity. Given the mucociliary dysfunction and in�ammatory
response characteristic of individuals with cystic �brosis [8], in this population a relationship between
wild�re smoke and pulmonary exacerbation is biologically plausible. The intention of this study was to
learn more about the relationship between wild�re smoke exposure and pulmonary exacerbation in
individuals with cystic �brosis.

Methods

Study design
We implemented a longitudinal design, gathering retrospective data about the cohort for an eight-year
period between 2012 and 2019 (inclusive). We utilized data from patients treated at Oregon Health &
Science University’s Cystic Fibrosis Care Center (for adults) and Doernbecher Children’s Hospital (for
children). The Cystic Fibrosis Foundation Patient Registry (CFFPR) database was used to identify
individuals seen at these centers during the target period. Individuals were eligible for the study if their
record was present in the CFFPR at any time between 2012 and 2019, and if they had also provided a
valid zip code to the registry. All patients with CF seen at both centers consented to be included in the CF
Foundation’s Patient Registry. The primary end point was the number and frequency of severe pulmonary
exacerbation (PEx). “Severe pulmonary exacerbation” was de�ned as a clinical event with respiratory
symptoms requiring medical intervention (home IV antibiotics or hospitalization). Episodes occurring
within two weeks of a previous exacerbation were assumed to be the same episode of care.

Exposure
Daily �ne particulate matter (PM2.5) measurements for the period between 2012 to 2019 were obtained
from the EPA’s Air Quality System DataMart, a publicly available database. Exposure was determined by
linking con�rmed patient addresses to the EPA’s air quality data; based on their residential zip code,
individuals were assigned exposure data from the air quality monitor located nearest their home. In order
to identify exposures, daily air quality in an individual’s residential zip code was categorized as either
“Acceptable” or “Poor.” These categories were created using the EPA’s Air Quality Index (AQI) de�nitions,
where an AQI over 100, equivalent to a 24-hour PM2.5 reading of 35.5 µg/m3, is considered “unhealthy for
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sensitive groups” [9]. Individuals residing in areas with a daily Air Quality Index beyond the limit set by the
EPA as ‘unhealthy for sensitive groups’ were considered exposed.

Data was limited to dates occurring during a typical wild�re season in in the Northwestern United States.
Although the exact dates of the wild�re season are event-driven and therefore vary from year to year,
wild�res in the Northwest occur almost exclusively during the dry summer months, i.e., between June 1st
and September 30th. Additionally, because exacerbations secondary to viral infections are more likely
during the cold winter months, focusing on summertime exacerbations allowed us to minimize
confounding events that may have been triggered by viral illness rather than by smoke exposure.

Air quality monitors measure the amount of particulate in the air, but cannot identify the source of the
particulate, or tell whether air pollutants are coming from vehicles, industrial sources, or wild�re. However,
because prior research has found that the substantial majority of �ne particulate matter air pollution
detected in the Paci�c Northwest during wild�re season can be attributed to wild�re [10 11], the location
of our treatment center allowed us to use summer days with poor air quality as an acceptable surrogate
for the presence of wild�re smoke. Liu found that in the western United States 71.3% of total PM2.5 could
be attributed to wild�res on with poor air quality [10]. Other research found that in Paci�c Northwest
during the 2017 wild�re season - a period of time included in our study - an estimated 85% of the PM2.5

was due to wild�re [11]. While more e�cient vehicles and greater regulations have reduced anthropogenic
contributions to air pollution, global warming has caused an increase in the frequency and duration of
wild�res. This has meant that a greater proportion of air pollution in the northwestern United States is due
to wild�re smoke than to anthropogenic sources such as vehicles and industry [12]. Non-wild�re sources
of PM2.5, such as vehicle emissions, are more likely to affect air quality in the winter months, when
thermal inversions trap particulate matter close to the ground.

Statistical analysis
We used patient-days as the increment of analysis, and matched participants to environmental data to
see whether the likelihood of experiencing an exacerbation was different for those who had been exposed
to wild�re smoke-driven air pollution within the previous 30 days. We queried the CFFPR database to �nd
the residential addresses of study participants, which are con�rmed annually. In order to reduce the
likelihood of exposure misclassi�cation, we updated the location of participants for every year they
participated in the study. The �rst author created a bespoke k nearest neighbors algorithm with a balltree
construction to accurately match patients to the air quality monitor nearest them using zip code [13].
Implausible data for age (> 70 years or < 1 year) and outliers for distance to the nearest air quality monitor
(> 50 miles) were cleaned from the dataset prior to analysis.

We tabulated the number of wild�re-exposed patient-days and unexposed patient-days and determined
whether or not each patient-day contained the start of an exacerbation episode; episodes occurring within
30 days following an exposure were considered exposed exacerbations. Both exacerbations and
exposure status were treated as binary variables, and a contingency table was created to determine



Page 5/10

summary statistics [14]. We ran the more conservative Fisher’s exact test to con�rm that our result would
still be statistically signi�cant even if the assumption of normality was incorrect.

A binary logistic regression model of the relationship between exposure and exacerbation was used to
compute the univariate odds ratio and its associated con�dence interval. Additional variables were added
to create a multivariate logistic regression model in order to generate adjusted odds ratios. Age and
distance to the nearest air quality monitor were treated as continuous variables; zip code, race, insurance
status (a proxy for socio-economic status), month, care center at which the patient was typically seen,
and patient state of residence were all considered categorical variables. We conducted sensitivity
analyses in order to see which variables in�uenced the relationship between the exposure and the
outcome. Variables were retained in the multivariate model based on signi�cance testing, which was
determined with the Wald z value and deviance [15]. Variables that reduced the deviance of the model
and had a Wald z > = 2 were retained. For adults, only the patient age and year variables were signi�cant
enough to be retained in the �nal multivariate model. Patient age, year, and distance to the nearest air
quality monitor were signi�cant for pediatric patients.

Variables were also tested for multicollinearity using the variance in�ation factor (VIF) set to a threshold
of 2.5. The age variable was found to be multicollinear with care center, most likely because the dataset
contains information from two hospitals, one which treats adult patients ages 21 and older and one for
children under the age of 21. To reduce multicollinearity, patient age was used to strati�ed the subjects
into two categories (< 21 years vs. ≥ 21 years) by care center. All statistical analysis was conducted
using Python version 3.7.7.

Results

Participant Characteristics
The analysis included 502 people with cystic �brosis living in the northwestern United States, 82.7% (n = 
415) of whom experienced an exposure to wild�re smoke sometime during the study period. One or more
exacerbations was experienced by 44.8% (n = 225) of the participants. The mean age of all participants in
the study analysis was 18.0 years (SD 14.3), and the average distance to the nearest air quality monitor
was 9.1 miles (SD 7.7). More detail about the study population is included in Table 1. Geographically, the
participants represented 234 unique zip codes across Oregon and Washington, and the measurements
from 56 air quality monitors. The eight-year period of the study generated a total of 427,635 patient-days
from 2012 to 2019.
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Table 1
Characteristics of the patient population a

  Overall

(n = 502)

Ever
exposed

(n = 415)

Never
exposed

(n = 87)

n (%) adults ( > = 21 years)b 148 123 (83.1) 25 (16.9)

children (< 21 years)b 354 292 (82.5) 62 (17.5)

race, n (%) white 480
(95.6)

399 (96.1) 81 (93.1)

"some other race" 11 (2.2) 9 (2.2) 2 (2.3)

Two or more races 6 (1.2) 4 (1.0) 2 (2.3)

Black 3 (0.6) 2 (0.5) 1 (1.1)

American Indian or Alaska Native 1 (0.2) 1 (0.2) 0

Asian 1 (0.2) 0 1 (0.2)

age, mean (SD) overall 18.0
(14.3)

18.0 (14.2) 17.6 (15.1)

adults 31.8
(11.3)

31.9 (11.0) 31.3 (12.6)

children 10.1 (6.3) 10.1 (6.0) 10.0 (7.5)

miles from residence to nearest air quality monitor,
mean (SD)

9.1 (7.7) 9.2 (7.7) 8.6 (7.8)

exacerbation, n (%) yes 225 196 (87.1) 29 (12.9)

no 277 219 (79.1) 58 (20.9)

a Data in this table represent raw numbers; analysis was conducted using transformed patient-days.

b Patients were categorized based on their age at the time of entry into the study; analysis was
conducted using age at the time of exposure.

Adult Patients
For adults with CF, there was a crude odds ratio of 1.57 (95% CI = 1.18–2.08, p = 0.002) for experiencing a
severe pulmonary exacerbation within the month following an exposure to wild�re smoke when
compared to the same time period with no wild�re smoke exposure. When controlling for the effects of
patient age and the year, the adjusted odds ratio for adults was 1.50 (95% CI = 1.12–1.99, p = 0.006).
Adjusted odds ratios and their associated con�dence intervals for all variables in the multivariate model
can be found in Table 2.
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Table 2
Association between outcome and signi�cant variables.

  Variable associated
with exacerbation

Adjusted
Odds Ratio

95% CI p

lower
con�dence
boundary

upper
con�dence
boundary

Adults ( 
> = 21)a

Wild�re smoke
exposure

1.496 1.125 1.991 0.006

age 0.957 0.945 0.970 0.000

year 1.097 1.042 1.155 0.000

Children
(< 21)a

Wild�re smoke
exposure

0.922 0.694 1.226 0.578

age 1.157 1.138 1.178 0.000

year 0.946 0.912 0.981 0.003

distance 0.976 0.976 0.999 0.035

All Wild�re smoke
exposure

1.113 0.911 1.361 0.295

age 1.007 1.002 1.012 0.003

year 0.984 0.956 1.013 0.278

distance 0.992 0.983 1.001 0.073

a Re�ects age at time of exposure.

Pediatric Patients
For children with CF, there was a crude odds ratio of 0.83 (95% CI = 0.63–1.10, p = 0.21) for wild�re smoke
exposure. The adjusted odds ratio for children, controlling for distance to the nearest air quality monitor,
patient age, and year, was 0.92 (95% CI = 0.69–1.23, p = 0.58).

Discussion
We found that exposure to wild�re smoke was associated with increased risk for experiencing a
pulmonary exacerbation for adults with cystic �brosis. This suggests that air pollution created by wild�re
smoke may be an environmental risk factor for PEx in adult CF patients. To the best of our knowledge
this is a novel �nding and the �rst report of this association. Fortunately, precautions can be taken to
mitigate exposure to wild�re smoke, and �ndings such as this allow people with CF and their medical
providers to take steps to protect patient health.
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However, our analysis did not show a relationship between wild�re smoke exposure and exacerbation in
children with CF. Further study is needed to understand why and how wild�re smoke exposure appears to
affect adults with CF differently than the pediatric population.

This research has some limitations. Our study intended only to establish an association, and not
causality, between exposure to wild�re smoke and pulmonary exacerbation. Although we controlled for
many confounding events, wild�res tend to be more frequent during summers when moisture is low and
temperatures are high. It is possible, therefore, that high heat and low humidity are confounders for our
study. Further research needs to be done on sensitive populations in order to tease apart the intertwining
causal relationships.

Finally, it should be noted that cystic �brosis is a rare disease, and those who suffer from it are unusually
sensitive to pulmonary irritants. However, the frequency and intensity of wild�res is anticipated to grow in
the Western United States, as is the population. This means it is likely that growing numbers of people
with and without cystic �brosis will be exposed to wild�re in the coming years, and this sensitive
population could potentially be a sentinel warning of the impact of smoke exposure to the general
population.

Conclusion
Ambient wild�re smoke exposure is associated with severe pulmonary exacerbation in adults with cystic
�brosis, suggesting that air pollution created by wild�re smoke may be an environmental risk factor. This
association did not hold true for children with CF. Further research is needed to establish causality,
understand why and how wild�re smoke exposure affects adult with CF differently than the pediatric
population, and determine the clinical applications of this �nding.
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