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Abstract

Background: Individuals are exposed to air pollution and ionizing radiation from natural sources
through inhalation of particles. This study investigates the association between cardiac arrhythmias
and short-term exposures to fine particulate matter (PM> 5) and particle radioactivity.

Methods: Ventricular arrhythmic events were identified among 176 patients with dual-chamber
implanted cardioverter-defibrillators (ICDs) in Boston, Massachusetts between September 2006
and June 2010. Patients were assigned exposures based on residential addresses. Daily PM> 5 level
was estimated at 1-kmx1-km grid cells from a previously validated prediction model. Particle
gross P activity was used as a surrogate for particle radioactivity and was measured from several
monitoring sites by the U.S. Environmental Protection Agency’s monitoring network. The
association of the onset of ventricular arrhythmias (VA) with 0-21 day moving averages of PM> 5
and particle radioactivity (two single-pollutant models and a two-pollutant model) prior to the
event were examined using time-stratified case-crossover analyses, adjusted for dew point and air
temperatures.

Results: A total of 1,050 VA were recorded among 91 patients, including 123 sustained VA
among 25 of these patients. In the single-pollutant model of PM, 5, each interquartile range (IQR)
increase in daily PM 5 levels for a 21-day moving average was associated with 39% higher odds
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of a VA event (95% CI: 12% to 72%). In the single-pollutant model of particle radioactivity, each
IQR increase in particle radioactivity for a 2-day moving average was associated with 13% higher
odds of a VA event (95% CI: 1% to 26%). In the two-pollutant model, for the same averaging
window of 21-days, each IQR increase in daily PM> 5 was associated with an 48% higher odds of
a VA event (95% CI: 15 to 90%), and each IQR increase of particle radioactivity with a 10% lower
odds of a VA event (95% CI: —29% to 14%). We found that with higher levels of particle
radioactivity, the effect of PM, 5 on ventricular arrhythmias is reduced.

Conclusions: In this high-risk population, intermediate (21-day) PM, 5 exposure was associated
with higher odds of a ventricular arrhythmia event onset among patients with known cardiac
disease and indication for ICD implantation independently of particle radioactivity.

Keywords

Ventricular arrhythmia; Implanted cardioverter-defibrillators; Fine particulate matter; Particle
radioactivity

Introduction

Both short and long-term exposure to particulate air pollution have been associated with
cardiovascular morbidityl=3 and mortality#®. Studies have shown that air pollution can
influence the autonomic nervous system and in turn affect heart rate variability leading to
arrhythmias®—2. While some studies examine acute air pollution effects on ventricular
arrhythmias, few have explored both short and intermediate effects.

More recent research has tried to identify the relevant toxic components of particulate
matter, which lead to cardiovascular events. Here we perform a novel analysis, assessing
particle radioactivity as a contributing component in the association of air pollution with
ventricular arrhythmias.

Individuals receive exposure to ionizing radiation from a variety of natural sources: decay
products of radon (222Rn) and thoron (22°Rn), cosmic radiation and natural radioactivity
found in soil and food1911, Exposure to this natural radiation can occur externally from
cosmic or terrestrial radiation or internally through inhalation or ingestion. The National
Council on Radiation Protection and Measurements found that individuals in the U.S.
received 73% of their average annual dose of natural radiation through the inhalation of
radon and thoron and their progeny2-13, Radon and thoron formed by the decay of radium
and thorium diffuse through the ground, enter the atmosphere, and decay to solid progeny.
These can attach to existing aerosol particles to form radioactive aerosols. Studies have
shown that the majority of radioactive progeny attach to fine particles (particulate matter
<2.5 um aerodynamic diameter; PM, 5)14-16, Since PM, 5 can penetrate deep into the lung
and enter circulation!”18, these radioactive aerosols may deposit ionizing radiation into the
bronchial passages and alveoli and induce adverse health effects.

Many studies have highlighted the increased risk of cardiovascular diseases and mortality
related to both short- and long-term exposure to high levels of ionizing radiation from the
atomic bomb, nuclear spills, and occupational hazards at nuclear power plants or uranium
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mining19-24, Radiation therapy for the treatment of benign or cancerous tumors has also
been associated with the incidence and progression of cardiovascular disease?>27. In
particular, radiation therapy for breast cancer and Hodgkin’s lymphoma have been
implicated in the development of cardiovascular disease, even though the targeted organs did
not include the heart?8-30, Recently, a few studies have looked at the potential cardiovascular
effects of low-level radiation associated with air pollution particles31:32, None of these
studies, however, has looked at arrhythmias specifically.

We examined the associations of short- and medium-term PM> 5 and particle radioactivity
with the odds of ventricular arrhythmias both independently and together in a two-pollutant
model. We used the detected ventricular arrhythmic onset events from dual-chamber
implanted cardioverter-defibrillators (ICDs) from a longitudinal study of cardiac patients in
Massachusetts. This is the first study to assess the effects of radioactive properties of particle
matter on cardiovascular health through increases in ventricular arrhythmias and the first to
report the effects of fine particulate matter in the ICD cohort.

Patient Population

Our patient population has been previously described33. In brief, patients were recruited
from the Tufts Medical Center’s Cardiac Arrhythmia Center in Boston, Massachusetts
between September 2006 and March 2010. The study included patients with prior
implantation of a dual (atrial and ventricular) chamber ICD and who were older than 18
years of age. Patient exclusion criteria included chronic atrial fibrillation (AF), diagnosis of
a terminal disease, or the inability to provide informed consent.

During their first study visit, after obtaining informed consent, patients participated in an
interview-administered questionnaire collecting individual characteristics and
sociodemographic factors. To obtain a complete medical history, information from each of
the patient’s medical records was recorded on a form based on the National Cardiovascular
Disease Data ICD Registry form33. Authors will not make their data available to other
researchers due to the sensitive nature of the data collected for this study. The Institutional
Review Boards at Tufts Medical Center and at the Harvard T.H. Chan School of Public
Health approved the study protocol.

Ventricular arrhythmias

Information was collected from the implanted ICD devices beginning at a patient’s
enrollment until June 30, 2010. The ICD provided an arrhythmia logbook and electrograms
by direct download during a follow-up visit at the clinic or wirelessly via trans-telephonic
transmission32. These records recorded information of any detected atrial or ventricular
arrhythmic event and classified each episode as sustained or non-sustained. The treating
physician programmed each device to detect and respond to certain heart rate thresholds
according to the patient’s needs33,

Once clinicians downloaded the information, an electrophysiologist blinded to the particle
radioactivity and air pollution data reassessed any suspected arrhythmia. Each confirmed
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ventricular arrhythmia was classified as a ventricular tachycardia (VT) or ventricular
fibrillation (VF) that was treated by the ICD (sustained), non-sustained VT or VF (not
treated by the ICD), sinus tachycardia, atrial fibrillation (AF), atrial arrhythmia other than
AF, or not an arrhythmia. Sinus tachycardia events, noise, or oversensing recordings were
disregarded following previous study protocols that also utilized the same cohort33. Further
information about the classification of arrhythmias for this cohort can be found in Link et al.
(2013).

The primary endpoint was all detected ventricular arrhythmias (sustained and non-sustained
ventricular arrhythmias) and our secondary endpoint was sustained ventricular arrhythmias
that required intervention by the ICD. The study excluded events that arose during the first 6
weeks after implantation of the ICD or events when the individual was admitted to a health
care facility. Multiple events could occur on the same calendar day, but were only included if
they were separated by a period of at least 60 minutes. An event day was characterized as a
calendar day when one or more ventricular arrhythmias occurred.

Individuals were assigned exposures by linking their residential addresses to the closest
PM, 5 or meteorological grid cell or the nearest particle radiation monitoring station.

PM> 5 and meteorological variables

We retrieved daily PM, 5 predictions at 1-km x 1-km grid cells in the continental U.S. using
a well-validated model incorporating land use, meteorology, chemical transport models, and
satellite remote sensing. Three models were trained using a neural network model, a random
forest, and gradient boosting, and then ensemble averaged using a geographically weighted
regression34. To obtain daily PM, 5 predictions, we linked each patient’s residential zip code
to the nearest center of a 1-km x 1-km grid cell for their exposure estimate.

Dew point and air temperatures were obtained from the National Center for Environmental
Prediction (NCEP) and the National Center for Atmospheric Research (NCAR) Reanalysis
project at 32 km x 32 km grid cells in the continental US3®. Values for these variables were
assigned to each patient by linking their residential zip code to the closest 32 km x 32 km
grid cell.

Particle radioactivity

The study utilized particle gross p activity as a proxy for total particle radioactivity.
Hernandez et al. (2005) found a significant linear correlation of R=0.72 between gross p and
gross a activity36. The strong correlation between B and a radiation suggests that gross p
activity can represent all long-lived radon progeny (including a. emitter 219Po, not just
210ph). Previous studies using methods similar to RadNet have shown that levels of gross B
activity are a good qualitative indicator of radiation activity for particles collected on air
sampling, and specifically radiation due to 219Pb, a long-lived radon progeny32:37,

The Environmental Protection Agency (EPA)’s RadNet monitoring network, which includes
approximately 140 radiation air monitors around the United States, provided the information
on gross B activitity38. RadNet started collecting data on radioactivity in 1973 when several
different radiation systems were consolidated into one network. Current RadNet stationary
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sampling stations use a high-volume air sampler to collect total suspended particles (TSP)
on 10-cm-diameter synthetic fiber filters38:39, Integrated samples are collected by monitor
operators over 5 to 7 days and are then sent to the National Analytical Radiation
Environmental Laboratory (NAREL) for analysis. Measurement occurs several days after
sample collection, which allows time for short-lived radon progenies (including 224Pb and
214Bj) to decay3°. Outlier values, identified as values greater than 1.5 times the IQR from
the median after log-transforming beta concentrations to ensure normality, were excluded
from the dataset. All days within each sampling period were assigned to the B gross activity
measured for that sample. This created a pseudo-daily time series. On days where one
sample was completed and another sample began, the daily value was calculated as the mean
of the two measured concentrations.

This study improved upon earlier studies of beta radiation3237 by assigning particle
radioactivity exposure based on each participant’s closest RadNet monitoring station, rather
than using a regional particle gross p activity exposure. Each participant was matched to
their closest RadNet site and was assigned the corresponding daily measurement. Data was
obtained from the following three RadNet stations that encompassed the possible range of
residential locations for the participants: Boston, MA (83%); Worcester, MA (14%) and
Providence, RI (3%). Missing values at each monitor were imputed using random forest
models based on nearby monitors and meteorological variables. Prediction results were
cross-validated using ten-fold cross validation and showed good predictive ability (CV- R?
between 0.77 and 0.85).

Statistical analysis

We examined whether same-day and moving average of PM> 5 and particle radioactivity
(single pollutant models) and then PM, 5 and particle radioactivity together (two-pollutant
model) were associated with ventricular arrhythmias using a time-stratified case-crossover
analysis adjusted for temperature and dew point. Case-crossover designs have been used to
study various ambient air pollutant effects on acute cardiovascular events3340-42 Case days
occur on a calendar day when a patient experiences one or more VA event. Control days
where chosen to match the cases’ by day of the week within the matching calendar month.
In this study design, time invariant variables that do not vary daily such as race, sex, age,
smoking status, diabetic status and other chronic conditions are eliminated as potential
confounders. Matching by day of the week within the same calendar month helped control
for potential confounding that varied within week and seasonality by month. The bi-
directional selection of control days before and after the case day helped eliminate potential
bias induced by long-term time trends?3.

We estimated odds ratios assessing the association of ventricular arrhythmias with the
exposure of interest using conditional logistic regression, controlling for the matched sets. A
matched-set in this study is defined as a single case-day with all its matched controls. It was
possible for a single individual to have multiple matched sets. Based on previous studies
with the same population, all models were adjusted for dew point and air temperature. The
effect estimates are reported as odds ratios of an event for an interquartile range (IQR)
increase in PM, 5 or particle radioactivity33.
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In sensitivity analyses, we included an indicator variable for multiple events on the same day
to evaluate whether patients with multiple events on the same day are more susceptible to
ventricular arrhythmias. The first event in that 24-hour period was given a value of 0, while
following events within that one calendar day were assigned a value of 1. In the two-
pollutant model (PM> 5 and particle radioactivity) to investigate the combined exposure of
PM, 5 and particle radioactivity, we utilized multiplicative interactions terms.

Data management and all statistical analyses were conducted using SAS software version
9.4 (SAS Institute, Cary, NC, 2013) and R version 3.5.0 (R Foundation for Statistical
Computing, Vienna, Austria).

Patient Population

Arrhythmias

Descriptions of the participants included in this analysis have previously been published33.
Briefly, 1,143 patients were screened and 843 were excluded due to either implantation of a
single chamber ICD and/or chronic AF. From the 300 eligible patients, 200 enrolled and 176
subjects were followed for at least 90 days. The mean follow-up time in the final cohort was
1.9 years. The study population that experienced any type of VA was mostly male (77%) and
Caucasian (91%) with a median age of 65 years and the median body mass index of 27.7
kg/m?2 (Table 1). Only 4% reported different residential zip codes during their one year
follow up. Patients reported spending a median of 6 hours per weekend (range: 0-48 hours)
and 6 hours in the last 48 hours away (range: 0—40 hours) from their homes.

Their median left ventricular ejection fraction was 25%, while 60% had a history of
congestive heart failure. The subset of the study population that experienced a sustained VA
event (>30 seconds) had similar demographic characteristics to the general ICD population
that experienced any type of ventricular arrhythmic event. Seven individuals experienced
more than one event per day for all VAs accounting for 18% of all events while two
individuals experienced more than one event per day for sustained VVAs accounting for 17%
of sustained VAs.

During the study period, twenty-five patients had 123 sustained ventricular arrhythmia
events categorized as ventricular tachycardia (VT) (n=112) and ventricular fibrillation (VF)
(n=11). Ninety-one patients had 1050 sustained or non-sustained ventricular arrhythmias
events categorized as non-sustained ventricular tachycardia (NSVTs) (n=913) and non-
sustained ventricular fibrillations (NSVFs) (n=14).

Air quality and weather covariates

Table 2 presents the daily mean air pollution concentrations and weather covariates, as well
as the estimated daily particle radioactivity levels during the study period. During this time,
the median PM,, 5 was 8.42 pg/m3 and the median particle radioactivity was 0.19 mBg/m3.
None of the air quality or weather covariates were highly correlated (Pearson correlation
<0.5). PM> 5 was positively correlated with particle radioactivity, dew point and air
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temperature. On the other hand, particle radioactivity was negatively correlated with dew
point and air temperature.

Single-pollutant models

Exposure to higher levels to PM> 5 was associated with higher odds of any ventricular
arrhythmic event with 4, 5, or 21-day moving average prior to the event, in models adjusted
for dew point and temperature (Figure 1A). For the 4 and 5-day moving averages, the
increased odds were very similar. The strongest increased odds was for the 21-day moving
average, odds 39% higher (95% CI: 12 to 72%) for each IQR (3.37 pg/m3) increase in
PM, 5. In a sensitivity analysis, we included a multiple event indicator to test whether
patients with multiple events on a given day are more susceptible to PM, 5. We did not see
evidence of an interaction with the 4- or 5-day moving averages. However, for the 21-day
average, the interaction reported a nominally larger association for subsequent events (75%
higher odds; 95% CI: —2% to 214%).

Higher exposure to particle radioactivity was associated with higher odds of any ventricular
arrhythmic event with same-day exposure and 2-day moving average prior to the event, in
models adjusted for dew point and temperature (Figure 1B). For the 0, 2 and 3-day moving
average, the increased odds were similar, except the 3-day moving average did not meet the
threshold for statistical significance. Specifically, for the 2-day moving average there was a
13% higher odds of ventricular arrhythmic events (95% CI: 1% to 26%) for each IQR (0.08
mBg/m3) increase in particle radioactivity. We did not see evidence that patients with
multiple events on a given day are more susceptible to particle radioactivity.

PM, 5 and particle radioactivity (Two-pollutant models)

In models including both PM,, 5 and particle radioactivity, only the 21-day moving average
of PM5, 5 remained statistically significant for any of the time windows (Table 3). For each
3.37 pg/m?3 increase in daily mean PM, 5 levels for a 21-day moving average, the odds of a
ventricular arrhythmic event was 48% higher (95% CI: 15 to 90%) when adjusted for
particle radioactivity, dew point and air temperature. In sensitivity analyses, we included an
interaction term between the multiple event indicator and the 21-day PM, 5 moving average.
The interaction reported a stronger association for subsequent events (76% higher odds; 95%
Cl: 2% to 215).

To assess whether particle radioactivity modified the effects of PM, 5 we added an
interaction term between 21-day PM> 5 and 21-day particle radioactivity. We found a
significant interaction between 21-day PM, 5 and 21-day particle radioactivity (estimate
-0.28; 95% CI: —0.45 to —-0.11).

We did not find any significant association between PM 5 or particle radioactivity with
sustained ventricular arrhythmias that required intervention by the ICD implant, our
secondary endpoint (Table 4).
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Discussion

This is the first study that we know of to explore the association of PM> 5 and particle
radioactivity with ventricular arrhythmias and finds a direct correlation between them. We
found that in the single PM, 5 pollutant models that were individually adjusted for dew point
and air temperature, higher exposure was associated with a higher odds of ventricular
arrhythmias during 4, 5 and 21 days prior. On the other hand, the single pollutant particle
radioactivity models found an association between higher exposure and higher odds of
ventricular arrhythmias on the day of exposure and 2 days prior.

In the two-pollutant models including both PM> 5 and particle radioactivity, only the 21-day
moving average exposure of PM, 5 was independently associated with a higher odds of a
ventricular arrhythmic event (48% higher odds; 95% CI: 15 to 90%). However, the
associations in the two-pollutant models for the 4 and 5-day moving averages of PM5 5
remain very similar in magnitude to the estimates in the single pollutant models of PM, s,
but with slightly wider confidence intervals. This suggests that PM, s has an effect on the
risk of VA, which is independent of particle radioactivity for both an acute and intermediate
effect (4, 5 and 21-day exposure). By conducting a sensitivity analysis with a multiple event
indicator, we found that having multiple events on the same calendar day PM, 5 could
potentially have a nominally larger effect on subsequent events.

Although particle radioactivity did not cross the significance threshold in the two-pollutant
models, the effect estimates for the 0, 2 and 3-day moving averages were very similar to the
one-pollutant models, but with slightly wider confidence intervals. Indicating that PM; 5
could have an intermediate effect (21-day) while particle radioactivity could have a more
acute impact (<3 days) on ventricular arrhythmias.

While many studies have found that air pollution factors into mortality and morbidity rates
across the globe*448  instead of focusing exclusively on PM, s as a single exposure, our
study included particle radioactivity. The significant interaction between 21-day PM5 5 and
21-day particle radioactivity suggests that the risk of ventricular arrhythmias due to PM> 5
increases at a steeper rate at lower concentrations of particle radioactivity after adjusting for
dew point and temperature. Thus, there is a weaker effect of PM> 5 in the presence of higher
levels of particle radiation. This provides evidence that particle radioactivity modifies the
association between PM> 5 and the risk of ventricular arrhythmias. So far, no study has
investigated how the combined exposure to both particulate matter and particle radiation
affects this high-risk population and how they interact, although this could have important
implications for cardiac health and preventative strategies.

The World Health Organization (WHO) estimates that in 2016 ambient air pollution caused
4.2 million premature deaths across the globe*®. From these premature deaths,
cardiovascular disease accounts for the majority of deaths from air pollution?®:0, Since this
is the first study to examine how particle radioactivity affects the risk of ventricular
arrhythmias, we are unable to directly compare our particle radioactivity results with other
studies. Nevertheless, epidemiological studies have found evidence of a positive association
between circulatory disease mortality and low doses of ionizing radiation®1. A recent
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longitudinal study in the Normative Aging cohort employed the same exposure metric of
gross P activity as a surrogate of particle radioactivity and found a positive association with
an increase in both diastolic and systolic blood pressure32. While this study did not find an
independent effect of particle radioactivity on VA, these scientific studies support the
growing literature looking at the association between cardiovascular diseases, fine particle
mass and particle radioactivity20:32,

Biological Mechanism

While inhaled radon gas has been associated with higher lung cancer risk, few studies have
explored the association between low background levels of ionizing radiation and
cardiovascular disease®2°3, Radioactive aerosols emit a and B particles and transmit y and
X-rays. The deposition of radioactive materials inside the human body can cause biophysical
harm depending on the dose, deposition site and the different types of radiation emitted
throughout the decay process®4-26.

Many studies have reported on possible biological mechanisms associated with the effects of
radiation on cardiovascular morbidity and mortality?1:57:58, Radiation therapy utilizes high
doses of ionizing radiation which can induce cardiovascular toxicity through radiation
induced fibrosis, microvascular injury and neovascularization, and atherosclerosis®%-60, At
lower doses, pro-inflammatory markers are upregulated after exposure to radiation?1:61,
Specifically, a recent study found moderate associations of regional mean particle B
radioactivity with several oxidative stress and inflammatory biomarkers after adjusting for
PM, 5 concentrations in The Framingham Heart Study3’. The literature supports the theory
that low background levels of ionizing radiation contribute to cardiovascular disease through
a heightening of the immune response and systemic inflammation.

Strengths and Limitations

Our study had several limitations. We did not find an association between sustained
ventricular arrhythmias and PMs s, but this could be due to insufficient power. There is
potential for non-differential measurement error in our exposure assessment, which has
previously been described32:37, Since measurements of particle gross  activity were
measured on samples collected over a period of several days and then used to create a
pseudo-daily time series, we may not have enough temporal resolution to estimate short-
term exposures at windows of less than five days. This study improves upon earlier studies
of particle gross B activity3237 by assigning particle radioactivity exposure based on each
participant’s closest RadNet site, rather than using a regional beta value. This reduces
exposure misclassification and improves the spatial and temporal variability of our particle
radioactivity exposures. It is unlikely that any measurement error in either particle
radioactivity or PM> 5 is associated with the participant’s VA events since the exposure was
measured independently from the ventricular arrhythmic events.

This study also improves on previous air pollution measurements and weather covariate
information utilized for this ICD cohort population. Instead of using a single monitoring site
like previous studies,33:62 this study assigned exposures based on patients’ residential
address using spatio-temporal models for PM5 s, particle radioactivity, dew point
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temperature and air temperature, which reduced the amount of potential measurement error.
The assigned exposures do not take into account a patient’s mobility outside of their
residential zip code. This potential misclassification is nondifferential because patients with
lower exposure are not likely to have more misclassification error than patients with higher
exposure. This suggests that adjusting for the nondifferential measurement error would
result in a larger effect estimate with smaller confidence intervals.

The implantable ICD devices allow for accurate diagnosis and timing of events (all VAs and
sustained VAs). Precise time measurements were recorded for every event, which were
independently verified by an electrophysiologist increasing the accuracy of the outcome
measurement. The study assessed the temporal association of ventricular arrhythmias
captured by implantable defibrillators with fine particulate matter and particle radioactivity.
By including patients with dual-chambered ICD, we reduce the potential for outcome
misclassification by distinguishing between ventricular and atrial arrhythmias.

Whether the association of radiation and PM, 5 with arrhythmias is a direct arrhythmogenic
response to these agents or whether the arrhythmias are secondary to radiation- or particle-
induced myocardial ischemia or heart failure is not addressed by this study. Many of the
patients had a history of coronary artery disease and congestive heart failure. These patients
characterize an at-risk population because their previous history of cardiovascular disease
could make them more susceptible to air pollution. By utilizing a case-crossover method, the
self-matching design eliminates confounding by time invariant or relatively constant
characteristics such as a patient’s chronic or average risk factors*3. Nevertheless, the
generalizability of the results is limited by the characteristics of a high-risk patient
population for subclinical and clinical cardiac events. It is uncertain whether the associations
would be the same among younger, non-white, or less at-risk patients.

Conclusions

In this high-risk population, intermediate (21-day) PM, 5 exposure was associated with
higher odds of a ventricular arrhythmia event onset among patients with known cardiac
disease and indication for ICD implantation independently of particle radioactivity. For
shorter term associations (less than 7 days), we may not be able to distinguish the effect of
PM, 5 from particle radioactivity, but in models only accounting for PM, s, associations
between fine particulate matter and ventricular arrhythmias were significant for 4 and 5 day
moving averages.

We found that exposure to fine particulate matter independent of low levels of background
radiation contributes to the risk of ventricular arrhythmias. Furthermore, particle
radioactivity reduces the effect of fine particulate matter in the presence of higher levels of
particle radiation on ventricular arrhythmias.
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Non-standard Abbreviations and Acronyms

ICDs Implanted cardioverter-defibrillators
VA ventricular arrhythmias

PMj 5 fine particulate matter

IOR interquartile range

AF atrial fibrillation

VT ventricular tachycardia

VF ventricular fibrillation

NSVT non-sustained ventricular tachycardia
NSVF non-sustained ventricular fibrillations
TSP total suspended particles

BMI body mass index

CHF congestive heart failure
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Clinical Perspective
What is new?

. Study found that radioactive properties of particle matter and total fine
particle mass were associated with cardiovascular health (ventricular
arrhythmias) in patients with implanted cardioverter-defibrillators

. Study population consisted of patients at high risk for ventricular arrhythmias
. To address combined associations, study includes a dual pollutant model.
What are the clinical implications?

. Particle air pollution and its radioactive components contribute significantly
to the risk of acute clinically relevant electrophysiologic cardiac outcomes in
high risk patients.

. Cardiovascular patients and those at high risk for cardiovascular events should
be informed about the risks associated with air pollution and the onset of
arrhythmias.
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Figure 1:

Log odds ratios of ICD Detected Ventricular Arrhythmias Associated with Each Interquartile
Range Increase in Mean (A) Fine Particulate Matter (PM> 5) or (B) Particle radioactivity 0—
21 days prior to the Arrhythmic Event, Adjusted for Temperature and Dew Point in the ICD
cohort from September 1, 2006 to June 30, 2010. * p<0.05; ** p<0.01
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Patient Population (91 subjects that experienced an event and were followed for at least 90 days) in the ICD
cohort during the study period from September 1, 2006 until June 30, 2010

Subjects with any type of VA

Subjects with sustained VA

(T(!\:al) (with characteristics) (Tol\:al) (with characteristics)
Age (years) 91 65.0 (33-89) 25 62.0 (37-86)
Gender (male) 91 70 (77%) 25 21 (84%)
Race 91 25
White 83 (91%) 23 (92%)
Black 7 (8%) 2 (8%)
Other 1(1%)
BMI (kg/m?) 91 27.7 (15.6-56.7) 25 29.6 (21.7-55.6)
Structural heart disease 91 25
Ischemic 57 (63%) 18 (72%)
Nonischemic 26 (29%) 6 (24%)
Other 9 (10%) 2 (8%)
Left ventricular ejection fraction (%) 90 25.0 (10-70) 25 25 (10-55)
History of congestive heart failure 91 55 (60%) 25 15 (60%)
CHF class | 13 (14%) 4 (16%)
I 19 (21%) 5 (20%)
1T 23 (25%) 6 (24%)
v
Co-morbidities
Pulmonary Disease 91 17 (19%) 25 4 (16%)
Diabetes 89 28 (46%) 24 7 (29%)
Hypertension 88 52 (59%) 25 18 (72%)
Medications
Beta blocker 88 84 (95%) 25 24 (96%)
Antiarrhythmic agents: (Amiodarone, sotalol, or others not 88 10 (11%) 25 5 (20%)
including beta blockers)
Platelet Aggregation Inhibitors 88 66 (75%) 25 19 (76%)
Smoking
Current 86 10 (12%) 25 3 (12%)
Former 73 46 (63%) 21 11 (52%)
Never 82 56 (68%) 24 14 (58%)
Lived with Smoker 91 57 (63%) 25 17 (68%)

Values are median (range) or n (%). Values may not always add up to 91 or 25 because of missing data. VA= ventricular arrhythmias; BMI= body

mass index; CHF= congestive heart failure
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Table 2:

Summary statistics and Pearson’s correlation coefficient of daily mean air pollutant concentrations, particle
radioactivity levels and meteorological variables in Boston, USA, during the study period from September 1,
2006 until June 30, 2010.

Summary statistics Pearson’s correlation
coefficient
#Days  Min 25" percentile 50t percentile  75% percentile  Max PM; 5 PR
PMy5 (1g/m?) 1128 223 6.27 8.42 12.52 55.21 1 0.35
PR (mBg/m?3) 1128 0.06 0.14 0.19 0.23 0.56 0.35 1
Temperature (°C) 1128 -12.74 1.94 11.35 18.62 28.05 0.20 -0.11
Dew point temperature 1128 -20.08 -1.37 6.22 14.31 23.57 0.24 -0.14

0
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Table 3:

Odds ratios of ICD Detected Ventricular Arrhythmias Associated with Each Interquartile Range Increase in
Mean Exposure levels (PM, 5 and PR) 0-21 days prior to the Arrhythmic Event, Model includes both PM5 g

and PR, and is adjusted for Temperature and Dew Point in the ICD cohort from September 1, 2006 to June 30,
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2010 . * p<0.01

Moving average
(day)

(95% CI)

Particle radioactivity
(95% CI)

0

1.04 (0.94-1.16)

1.11 (0.98-1.25)

1

0.99 (0.88-1.10)

1.10 (0.98-1.24)

1.03 (0.91-1.15)

1.12 (0.99-1.26)

1.07 (0.94-1.21)

1.09 (0.95-1.25)

1.10 (0.96-1.25)

1.07 (0.93-1.23)

1.11 (0.96-1.28)

1.06 (0.92-1.22)

1.09 (0.94-1.25)

1.07 (0.92-1.23)

N~N|JlojJloo]lb~lwWwW]DN

1.10 (0.96-1.27)

1.06 (0.91-1.22)

1.15 (0.95-1.40)

0.95 (0.79-1.15)

21

1.48* (1.15-1.90)

0.90 (0.71-1.14)
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Table 4:

Odds ratios of ICD Detected Sustained Ventricular Arrhythmias Associated with Each Interquartile Range
Increase in Mean Exposure levels (PM, 5 and PR) 0-21 days prior to the Arrhythmic Event, Adjusted for

Temperature and Dew Point in the ICD cohort from September 1, 2006 to June 30, 2010.

Moving average PM;s Particle radioactivity
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(day)

(95% CI)

(95% CI)

1.14 (0.76-1.69)

0.95 (0.65-1.39)

[y

1.20 (0.82-1.76)

0.84 (0.59-1.19)

1.19 (0.80-1.77)

0.89 (0.60-1.32)

1.21 (0.78-1.88)

0.82 (0.53-1.27)

1.22 (0.78-1.91)

0.78 (0.49-1.25)

1.17 (0.72-1.87)

0.83 (0.51-1.37)

1.05 (0.64-1.71)

0.98 (0.61-1.59)

~N~N|JlojJlo]lh~|lw]DN

1.07 (0.65-1.74)

0.98 (0.61-1.57)

1.43 (0.78-2.62)

1.00 (0.54-1.83)

21

1.17 (0.52-2.62)

1.33 (0.53-3.29)
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