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BACKGROUND: Atmospheric changes in pollen concentration may affect human health by triggering various allergic processes.
We sought to assess if changes in pollen concentrations were associated with different acute coronary syndrome (ACS) sub-
type presentations and short-term clinical outcomes.

METHODS AND RESULTS: We analyzed data in consecutive patients presenting with ACS (unstable angina, non-ST-segment-
elevation myocardial infarction, and ST-segment-elevation myocardial infarction) treated with percutaneous coronary in-
tervention between January 2014 and December 2017 and enrolled in the VCOR (Victorian Cardiac Outcomes Registry).
Baseline characteristics were compared among patients exposed to different grass and total pollen concentrations. The
primary outcome was occurrence of ACS subtypes and 30-day major adverse cardiac and cerebrovascular events (compos-
ite of mortality, myocardial infarction, stent thrombosis, target vessel revascularization, or stroke). Of 15 379 patients, 7122
(46.3%) presented with ST-segment—elevation myocardial infarction, 6781 (44.1%) with non—-ST-segment-elevation myocardial
infarction, and 1476 (9.6%) with unstable angina. The mean age was 62.5 years, with men comprising 76% of patients. No
association was observed between daily or seasonal grass and total pollen concentrations with the frequency of ACS subtype
presentation. However, grass and total pollen concentrations in the preceding days (2-day average for grass pollen and 7-day
average for total pollen) correlated with in-hospital mortality (odds ratio [OR], 2.17 [95% CI, 1.12-4.21]; P=0.021 and OR, 2.78
[95% ClI, 1.00-7.74]; P=0.05), respectively, with a trend of 2-day grass pollen for 30-day major adverse cardiac and cerebro-
vascular events (OR, 1.50 [95% ClI, 0.97-2.32]; P=0.066).

CONCLUSIONS: Increased pollen concentrations were not associated with differential ACS subtype presentation but were sig-
nificantly related to in-hospital mortality following percutaneous coronary intervention, underscoring a potential biologic link
between pollen exposure and clinical outcomes.
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everal observational studies have linked the  because of changes in airborne pollen levels® or as a

development of specific disease states with
changes in environmental factors, for example
exacerbation of asthma."? The variability and quality of
inhaled air is one such environmental factor. Changes
to the constituents of inhaled air can occur naturally

result of human activities resulting in pollutants and
airborne particulate matter.* It was recently suggested
that environmental factors, such as pollen concentra-
tion, air pollutants, and temperature, can exert a syn-
ergistic effect in susceptible individuals leading to poor
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CLINICAL PERSPECTIVE

What Is New?

e Temporal changes in daily or seasonal pollen
concentration were not associated with the fre-
quency of acute coronary syndrome admission
needing treatment with percutaneous coronary
intervention.

e Grass and total pollen concentrations in the pre-
ceding days of acute coronary syndrome admis-
sion were predictive of in-hospital mortality, with
a trend for 30-day major adverse cardiac and
cerebrovascular events (grass pollen only).

What Are the Clinical Implications?

e (Climatic perturbations resulting in changes in
pollen concentration could potentially be linked
to adverse short-term clinical outcomes follow-
ing acute coronary syndrome.

e The pathophysiology behind this association
might be because of the heightened inflamma-
tory response following pollen exposure, but it
requires further research.

Nonstandard Abbreviations and Acronyms

MACCE major adverse cardiac and
cerebrovascular events

VCOR Victorian Cardiac Outcomes Registry

health outcomes, such as exacerbation of respiratory
conditions, increased hospital admissions, and overall
mortality.®

Pollen grains from different plant species contain
allergens,® with evidence supporting increased fre-
quency of respiratory allergic reactions associated
with increased pollen levels in the air.” In Melbourne,
Australia, high levels of grass pollen grains have been
reported to be strongly correlated with development
of allergic rhinitis symptoms.® Furthermore, Erbas et
al observed that the grass pollen level was a strong
nonlinear predictor for asthma hospital admissions.®
Allergic reactions occur through the interaction of aller-
gens carried by pollen grains stimulating the immune
system and the resulting inflammatory responses
adversely affecting various biological processes and
organ function.'® Although exposure to pollen grain al-
lergens is predominantly limited to the upper respira-
tory tract, the inflammatory response and subsequent
biological effects could impact organ systems remote
from the site of exposure, such as the cardiovascular
system."" Inflammation is known to play a key role in
both acute and chronic coronary syndromes.'>™® The
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extent of inflammation in patients with acute coronary
syndrome (ACS), as reflected by higher inflammatory
markers such as C-reactive protein, is well-described
and predicts worse cardiovascular outcomes.'

The link between exposure to environmental pollut-
ants, such as particulate matter and poor cardiovascular
outcomes, is well documented.'®'® Extreme temperature
changes have also been implicated in the observed sea-
sonality in cardiovascular disease peaks and associated
outcomes."” However, there is a paucity of data linking
pollen grain exposure and cardiovascular outcomes. We
therefore aimed to evaluate the relationship between ex-
posure to pollen grains and the frequency of different
ACS subtype presentations and short-term clinical out-
comes. Identification of such a relationship would have
important public health implications pertaining to pub-
lic health policies and defining susceptible populations
during vulnerable climatic periods.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request. The study was approved by Western
Health’s Ethics Committee (LNR/18/WH/100 LREP).
Written consent was waived because only nonidentifi-
able data were used.

Study Design
We analyzed data from the VCOR (Victorian Cardiac
Outcomes Registry), a statewide sponsored clinical
governance registry of all patients undergoing percu-
taneous coronary intervention (PCI) in 30 participating
public and private hospitals across the state of Victoria,
Australia. Monash University coordinates VCOR in
conjunction with the Victorian Cardiac Clinical Network
and Department of Health and Human Services. The
ethics committee approved the VCOR registry opera-
tion at each participating hospital. The registry records
PCl-related demographic, clinical, and procedural
data, including complications and outcomes with a
30-day follow-up period. All patients undergoing PCI
at each hospital are included unless they opt out.'®
Pollen data from 2014 to 2017 were obtained from
the Melbourne Pollen registry (http://www.MelbourneP
ollen.com.au/) operated by the University of Melbourne
that records daily grass and total pollen concentrations
during the peak grass pollen season between October
1 to December 31 of each year in Melbourne, Victoria,
Australia. Additional details of the study sites and meth-
odologies used to record pollen concentrations are
described by Silver et al.® Grass pollen concentrations
are not recorded from the January 1 to September 30
of each year, because this period typically has negligi-
ble grass pollen levels, as reported previously.'®
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Daily grass and total pollen concentrations are cat-
egorized according to previously published levels in
studies by Ong et al®® and Weichenthal et al.?' High
grass pollen days are defined as days with an average
concentration of 50 or more grass pollen grains per
cubic meter of air, whereas average concentrations
below 50 are defined as non-high grass pollen days.
Total pollen concentrations are categorized as high
total pollen days when the recorded concentration was
in the highest tertile of recorded values (>111 grains/m3)
and low total pollen days when the concentration was
in the lowest tertile of recorded values (<34 grains/m?d).
Between 2014 and 2016, air samples were collected
at 4:00 pv, with the measured pollen concentrations
representing the 24-hour average concentration before
the collection time. Because this period covered 67%
of the day the samples were obtained, the measured
concentration was taken as the grass and total pollen
concentration on the collection day. In 2017 the sam-
ple collection period changed to 9:00 am. Because the
sample period represented 63% of the previous day,
grass and total pollen measurements were defined as
grass and total pollen concentration of the previous
day.

Data for daily mean temperature, humidity, and par-
ticulate matter (PM2.5) as an air pollution index were
obtained from the Australian Bureau of Meteorology
(www.bom.gov.au).

Study Population and End Points

This study included consecutive patients enrolled
in the VCOR who underwent PCI between January
2014 and December 2017, where the initial presenta-
tion was 1 of 3 ACS subtypes. ST-segment—elevation
myocardial infarction was defined as an elevation in
cardiac biomarker levels coupled with ECG changes
of either new ST-segment elevation, new left bundle
branch block, or new pathological Q waves. Non-
ST-segment—elevation myocardial infarction was de-
fined as elevated cardiac biomarkers with either ECG
changes of ST-segment depression/T-wave changes
or history of ischemic symptoms. Unstable angina was
defined as new onset of severe angina, prolonged an-
gina at rest, or worsening anginal symptoms. Patients
who had missing data (demographic, procedural, or
clinical outcomes) or received PCI for non-ACS indica-
tions were excluded.

The study’s primary objective was to determine if
there was an association between the frequency of dif-
ferent ACS subtype presentations and 30-day clinical
outcomes with changes in daily and seasonal grass
and total pollen concentrations. The primary outcome
was occurrence of ACS subtypes and 30-day major
adverse cardiac and cerebrovascular events (MACCE),
defined as a composite of all-cause mortality, new or
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recurrent myocardial infarction, stent thrombosis, tar-
get vessel revascularization, and stroke.

Statistical Analysis

Data for continuous variables were expressed as
means and standard deviations or medians and inter-
quartile ranges. Categorical variables were expressed
as numbers and percentages. Between-group differ-
ences were evaluated by X2 test for categorical vari-
ables and independent samples t test or rank sum test
for continuous variables.

The effect of daily grass and total pollen concen-
tration on frequency of ACS presentations, in-hospital
mortality, and 30-day MACCE was evaluated using
time series regression. Long-term pattern in the out-
come was modeled using a time-stratified model,??
where monthly baseline outcome risk was predicted
and included in subsequent generalized linear mod-
els. Poisson distribution was used to examine pollen
concentration with ACS subtype frequency. Because
of overdispersion, standard errors were scaled using
Pearson X2 statistic. Binary distribution with logit
link was used to evaluate pollen association with in-
hospital mortality and 30-day MACCE. All models
were adjusted for average temperature, humidity, and
PM2.5 count. Models for in-hospital mortality and 30-
day MACCE were also adjusted for the clinical predic-
tors listed in Table SH.

Because the relationship between the timing of pol-
len exposure with potential clinical outcomes remains
debatable,?® we analyzed different time intervals of pol-
len exposure (day 0O, 1-, 2-, 3-day average and 7-day
average) preceding the occurrence of ACS and clini-
cal outcomes. This is in accord with the methodology
used in previous studies that evaluated the association
of exposure to environmental triggers, including air pol-
lutants and subsequent health outcomes.?*-?" Grass
pollen count was grouped into high (=50 grains/m3)
and low count (<50 grains/m?3),2° whereas total pollen
count was grouped into tertiles.?!

A 2-sided P value of <0.05 was considered statis-
tically significant. All analyses were performed using
Stata 16 (StataCorp, College Station, TX).

RESULTS

A total of 15 379 patients with ACS underwent PCI
over the 4-year study period, with ACS subtype being
ST-segment—elevation myocardial infarction in 7122
patients, non-ST-segment—elevation myocardial in-
farction in 6781 patients, and unstable angina in 1476
patients. Baseline clinical characteristics of the study
population during peak and nonpeak grass pollen sea-
sons, high and nonhigh grass pollen days, and high
total pollen days and low total pollen days are presented
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in Table 1. The mean age of patients was 62 years, and
men comprised over three-quarters of patients. About
one-fifth of patients had diabetes. The majority (78%)
of patients had no previously known coronary artery
disease. Only 17% had received previous PCI, and
<6% had a history of previous coronary artery bypass
graft surgery. Other baseline demographic charac-
teristics were similar between the groups of nonpeak
grass pollen season versus peak grass pollen season,
non-high grass pollen days versus high grass pollen
days, and high total pollen days versus low total pollen
days. Specifically, no significant differences in presen-
tation with out-of-hospital cardiac arrest or cardiogenic
shock were observed. More patients were noted to
have severe left ventricular systolic dysfunction during
high total pollen days compared with low total pollen
days (6.8% versus 5.7%, P=0.05).

Concentrations of grass and total pollen grains
varied throughout the study period and are displayed
in Table 2. Grass pollen accounted for between 14%
and 23% of the total seasonal measured pollen grains,
whereas other pollen grains constituted between 77%
and 86%. The seasonal mean daily grass and total
pollen count varied between 111 grains/m® and 28.9
grains/m3 and 68.2 grains/m® and 130.2 grains/m3,
respectively.

The mean number of daily and monthly presenta-
tions of different ACS subtypes during the peak grass
pollen season and nonpeak grass pollen season are
shown in Table 3 and the Figure. No differences were
observed in the mean daily or monthly presentations
during peak grass pollen season and nonpeak grass
pollen season (10.5+3.7 versus 10.5+3.4, P=0.8 and
281.9+119.2 versus 317.6+36.4, P=0.11, respectively).
Similarly, the daily and monthly frequency of ACS sub-
types were comparable between peak grass pollen
season and nonpeak grass pollen season. Prevalence
of in-hospital mortality and 30-day MACCE were sim-
ilar during peak grass pollen season and nonpeak
grass pollen season (3.5% versus 3.6%, P=0.75 and
6.5% versus 7.3%, P=0.11, respectively).

During the peak grass pollen season, no associa-
tion was found between ACS presentation frequency
and different timeframes of exposure to grass and total
pollen concentrations. The incidence rate ratio for dif-
ferent grass and total pollen exposure periods preced-
ing ACS presentation is shown in Table 4. Multivariable
analysis of clinical predictors for in-hospital mor-
tality and 30-day MACCE are shown in Table Si.
Specifically, out-of-hospital cardiac arrest, severe left
ventricular systolic dysfunction, and stage IV chronic
kidney disease carried the highest risk for in-hospital
mortality (odds ratio [OR], 11.92 [95% ClI, 9.00-15.8]
and OR, 711 [95% ClI, 5.23-9.67] and OR, 6.06 [95%
Cl, 4.09-8.98]) and 30-day MACCE (OR, 4.31 [95% ClI,
3.44-5.39] and OR, 4.25 [95% Cl, 3.39-5.33] and OR,
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2.65 [95% CI, 1.94-3.60]), respectively (all P<0.001).
However, neither overall peak grass pollen season
nor high total pollen days during the peak grass pol-
len season were associated with in-hospital mortality
(OR, 1.11 [95% ClI, 0.86-1.44]; P=0.414 and OR, 0.99
[95% CI, 0.55-1.79]; P=0.96), respectively, or 30-day
MACCE (OR, 0.93 [95% CI, 0.79-1.10]; P=0.407 and
OR, 0.89 [95% CI, 0.61-1.31]; P=0.56), respectively.

We explored the effect of pollen exposure in the
days preceding in-hospital mortality and 30-day
MACCE. A multivariable regression analysis for differ-
ent timeframes of exposure to pollen grains and clin-
ical outcomes is shown in Table 5. Exposure to high
grass pollen concentration 2 days before presentation
with ACS carried a significant risk of in-hospital mor-
tality (OR, 2.17 [95% CI, 1.12—4.21]; P=0.021) and trend
to increased risk of 30-day MACCE (OR, 1.50 [95%
Cl, 0.97-2.32]; P=0.066). A high preceding 7-day av-
erage total pollen concentration was associated with
increased risk of in-hospital mortality (OR, 2.78 [95%
Cl, 1.00-7.74], P=0.050) but not 30-day MACCE (OR,
1.40 [95% ClI, 0.81-2.41]; P=0.230).

DISCUSSION

In this multicenter, observational study of a large
Australian population of patients with ACS undergoing
PCI, we sought to examine the association of exposure
to different grass and total pollen concentrations with
the frequency of ACS subtype presentation and also
subsequent short-term clinical outcomes. Although
we did not observe any relationship between the fre-
quency of ACS presentation with the variability in pol-
len concentration, whether during peak grass pollen
season compared with nonpeak grass pollen season
or on days of high versus low pollen concentration dur-
ing the peak grass pollen season, there was an asso-
ciation between the concentration of grass and total
pollen in the preceding days with the occurrence of in-
hospital mortality. This observed effect was independ-
ent of the variability in metrological factors of mean
temperature, humidity, and PM2.5 level. Because we
do not have any information on the allergy status of the
cohort on which our analysis was based, we must cur-
rently assume that the effect of grass and total pollen is
relevant for the entire population. Nevertheless, these
data raise the possibility of a biological link between al-
lergen exposure with adverse clinical outcomes follow-
ing the development of acute cardiovascular illness,
as suggested by other studies.?®2° To our knowledge,
this is the first Australian study and one of only a few
published studies®®3' to assess the association of ex-
posure to pollen grains and subsequent adverse car-
diovascular outcomes.

Environmental factors could trigger ACS and other
cardiovascular events through various mechanisms,
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Table 2. Recorded Pollen Concentrations and Basic Seasonal Characteristics

Pollen Exposure and Acute Coronary Syndromes

Pollen count 2014 2015 2016 2017

Total grass pollen recorded in grains/m® 1198 (14.1%) 1021 (16.3%) 2659 (22.1%) 2487 (23.1%)
No. of high grass pollen days 2 3 20 18

Minimum daily grass pollen recorded in grains/m?® 0 0 0 0

Maximum daily grass pollen recorded in grains/m? 54 58 154 172

Mean daily grass pollen recorded in grains/m?® 13.0 14 28.9 2741

Total pollen recorded in grains/m® 8469 6274 11 984 10 766
Minimum daily total pollen recorded in grains/m?® 5 0 9 3

Maximum daily total pollen recorded in grains/m?® 392 425 843 709

Mean daily total pollen recorded in grains/m? 921 68.2 130.26 117.0

including plague rupture, acute thrombosis,*?> and al-
tered autonomic control.3® Despite an abundance of
data linking exposure to air pollutants and the onset of
cardiovascular events,?*?532 only a few published stud-
ies have assessed if a similar association with exposure
to pollen grains exists. Interestingly, this relationship
was examined within the general population, and no
details were provided about the history of preexisting
allergic diseases or the use of antiallergy medications.
One such study is a study from the United States by
Low et al involving 16 900 patients, where there was an
observed weak association of higher grass pollen ex-
posure and the risk of ischemic stroke (correlation coef-
ficient r, 0.011; P=0.034).3* In a population-based study
by Weichenthal et al in the province of Ontario, Canada,
the risk of presentation with myocardial infarction was
reported to be higher on days of highest tertile of total
pollen concentration (>95 grains/m?3) compared with

days with the lowest tertile of total pollen concentra-
tion (<20 grains/m3) (OR, 1.055 [95% Cl, 1.034-1.076];
P<0.001).%" Our study findings are different from the
Weichenthal et al results. Although the 2 studies used
registry data,® significant differences between the 2
studies exist. First, the mean daily total pollen count
during peak grass pollen season was as high as 122
grains/me in the Weichenthal et al study compared with
101.7 grains/m?3 in our study. This difference could be
attributed to the different geographic locations of the 2
study populations. Second, the total pollen count cutoff
for comparing the highest and lowest tertiles differed
between the 2 studies. In contrast to our study, where
pollen count >111 grains/m?® was considered as high ex-
posure, Weichenthal et al used a cutoff of >95 grains/
m?® to indicate high exposure and a much lower cutoff
of <20 grains/m?3 to indicate low exposure. Third, our
study’s inclusion criteria required a diagnosis of ACS as

Table 3. Frequency of ACS Subtypes, In-Hospital Mortality, and 30-Day MACCE During Peak and Nonpeak Grass Pollen

Seasons
Peak grass pollen season, October, Nonpeak grass pollen season,
ACS subtypes and clinical outcomes November, December January to September P value
Daily frequency, no. of patients/d
Overall ACS, mean (SD) 10.5 (3.7) 10.5 (3.4) 0.8
NSTEMI, mean (SD) 4.77 (2.28) 4.67 (2.25) 0.4
STEMI, mean (SD) 4.90 (2.22) 4.94 (2.21) 0.8
Unstable angina, mean (SD) 1.66 (0.97) 1.67 (0.88) 0.9
Monthly frequency, no. of patients/mo
Overall ACS, mean (SD) 281.9 (119.2) 317.6 (36.4) 041
STEMI, mean (SD) 138.8 (54.8) 147.7 (21.4) 0.3
NSTEMI, mean (SD) 126.1 (53.5) 139.3 (19.9) 0.2
Unstable angina, mean (SD) 28.9 (9.95) 30.6 (6.08) 0.5
In-hospital mortality, no. of patients during the 139 (3.5%) 415 (3.6%) 0.8
study period (%)
30-d MACCE, no. of patients during the study 258 (6.5%) 834 (7.3%) 0.1
period (%)
30-d rehospitalization, no. of patients during 445 (11.3%) 1450 (12.7%) 0.05
the study period (%)

ACS indicates acute coronary syndrome; MACCE, major adverse cardiac and cerebrovascular events; NSTEMI, non-ST-segment—elevation myocardial

infarction; and STEMI, ST-segment-elevation myocardial infarction.

J Am Heart Assoc. 2022;11:e023036. DOI: 10.1161/JAHA.121.023036
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Figure 1. Relationship of acute coronary syndrome subtypes and pollen concentrations.

ACS indicates acute coronary syndrome; NSTEMI, non-ST-segment-elevation myocardial
infarction; and STEMI, ST-segment-elevation myocardial infarction.

per VCOR definition, where patients underwent diag-
nostic angiography with identification of culprit lesion(s)
treated with PCI. On the other hand, the Weichenthal
et al study included patients who had an ACS diagno-
sis based on clinical and biochemical assessment in
the emergency department. This approach could have
overestimated the ACS frequency, given that myocar-
dial injury might have arisen from non-ACS causes.3®
Our study findings are more in accord with the study
results by Carracedo-Martinez et al. in Spain,?® where
elevated pollen concentrations were not associated
with increased emergency services use attributed to
cardiovascular causes. Taken together, the association
between changes in temporal pollen concentration and
the occurrence of ACS remains contentious and not
well defined. This could be explained by the complex
interaction between geographical and patient-related
factors that lead to different sensitization and symptom
development thresholds after exposure to pollen.3’

Few published studies have described a relationship
between a history of allergic reactions and cardiovas-
cular outcomes. In the study by Brunetti et al, patients
presenting with unstable angina treated with PCI?® with
a history of allergy had increased occurrence of major
adverse cardiac events in the 6-month follow-up pe-
riod (hazard ratio, 7.17% [95% ClI, 1.71-29.98]; P<0.01).
In another study from Hospers et al®® after 30 years
of follow-up, patients with increased blood eosinophil
counts were at higher risk of all cardiovascular and
ischemic heart disease mortality (risk ratio [RR], 1.7
[95% ClI, 1.4-2.2]; P=0.05) and (RR, 1.6 [95% CI, 1.2—
2.2]; P=0.05), respectively. Eosinophils are thought to
actively participate in the inflammatory process asso-
ciated with myocardial infarction along with their tradi-
tional role in allergic reactions.®® In the study by Niccoli
et al, eosinophil degranulation, as a marker of allergic
inflammation, appeared to be a predictor of MACCE
in patients with ST-segment—elevation myocardial

Table 4. Association Between Different Timeframes of Pollen Grains Exposure and Frequency of Acute Coronary

Syndrome Presentation

Grass pollen concentration Total pollen concentration
Timeframes of pollen grains exposure IRR (95% CI) P value IRR (95% CI) P value
On day of admission, d O 1.01 (0.90-1.12) 0.9 1.03 (0.94-1.12) 0.5
1 day before admission, d -1 1.07 (0.96-1.19) 0.2 1.03 (0.94-1.12) 0.6
2 days before admission, d -2 0.98 (0.88-1.10) 0.8 0.98 (0.90-1.07) 0.7
3 days before admission average, d 0, d 1.02 (0.91-1.14) 0.7 0.99 (0.90-1.09) 0.9
-1,d-2
7 days before admission average, d 0, d 1.04 (0.91-1.20) 0.6 1.01 (0.90-1.13) 0.9
-1,d-2,d-3,d-4,d-5,d -6

IRR indicates incidence rate ratio.
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Table 5. Cumulative Pollen Exposure as Predictor of In-Hospital Mortality and 30-Day MACCE

Pollen Exposure and Acute Coronary Syndromes

Timeframes of pollen grains exposure 30-d MACCE In-hospital mortality

Grass pollen concentration, grains/m? OR (95% Cl) P value OR (95% ClI) P value
On day of admission 1.24 (0.62-2.50) 0.544 1.06 (0.67-1.67) 0.817
1 day before admission, d -1 1.44 (0.73-2.85) 0.292 1.21(0.78-1.87) 0.404
2 days before admission, d -2 217 (1.12-4.21)F 0.021% 1.50 (0.97-2.32) 0.066
3 days before admission average, d O, 1.70 (0.87-3.31) 0.119 1.46 (0.94-2.26) 0.093
d-1,d-2
7 days before admission average, d 0, d 1.20 (0.50-2.87) 0.688 0.97 (0.55-1.74) 0.932
-1,d-2,d-3,d-4,d-5,d -6

Total pollen concentration, grains/m?
On day of admission 0.99 (0.55-1.79) 0.965 0.89 (0.61-1.31) 0.565
1 days before admission, d -1 1.08 (0.58-2.00) 0.805 0.91 (0.62-1.35) 0.643
2 days before admission, d -2 1.27 (0.69-2.34) 0.446 1.27 (0.86-1.88) 0.233
3 days before admission average, d O, 1.32 (0.65-2.67) 0.440 1.08 (0.70-1.67) 0.725
d-1,d-2
7 days before admission average, d 0, d 2.78 (1.00-7.74) 0.0501 1.40 (0.81-2.41) 0.230
-1,d-2,d-3,d-4,d-5,d -6

MACCE indicates major adverse cardiac and cerebrovascular events; and OR, odds ratio.

Variables in the model include age, stage Ill chronic kidney disease, stage IV chronic kidney disease, out-of-hospital cardiac arrest, in-hospital periprocedural
cardiac arrest, procedural intubation, mechanical ventricular support, percutaneous coronary intervention for moderate and severely complex lesions,
percutaneous coronary intervention with 1 stent only, multivessel coronary disease, moderate left ventricular dysfunction, severe left ventricular dysfunction,

mean daily temperature, humidity, and particulate matter PM2.5 level.
fP-values with statistical significance.

infarction after 24 months of follow-up (OR, 1.041 [95%
Cl, 1.012-1.071]; P=0.005).%° A few studies have also
examined the relationship between exposure to envi-
ronmental factors such as air pollutants and subse-
quent cardiovascular outcomes. One example is the
Australian study of Barnet et al,"° where exposure to
pollutants from common emission sources increased
the risk of hospital cardiovascular admissions in elderly
patients. Other studies reported a similar significant
association between exposure to pollutants with short-
term*' and long-term“? cardiovascular mortality.

There is, however, a lack of data evaluating the as-
sociation of exposure to pollen grains and subsequent
cardiovascular outcomes. One study that mirrored the
findings from our study is that of Brunekreef et al*® in
the Netherlands, where daily cardiovascular deaths
were found to be associated with high compared with
low average weekly grass pollen concentration (RR,
1.06 [95% CI, 1.03-1.08]) during their high pollen sea-
son. This effect was independent of other seasonal
and environmental factors such as influenza infec-
tions, ambient temperature, and air pollution. Another
study that parallels our findings is from Jaakkola et al,®
which involved 153 378 patients and was conducted in
Helsinki, Finland. Exposure to high concentrations of
Mugwort pollen grains (>30 grains/m?) in the preceding
10 days was associated with increased risk of cardio-
vascular mortality (adjusted mortality rate ratio, 1.414
[95% Cl, 1.024-1.953)) after adjusting for exposure to
mean daily temperature and particulate matter PM2.5.
Both of the 2 aforementioned studies also did not

J Am Heart Assoc. 2022;11:e023036. DOI: 10.1161/JAHA.121.023036

record a history of allergic disorders or use of allergy
medications, such as antihistamines or steroids, pre-
sumably because these variables were not available.
It is also noteworthy that the pollen grains examined
varied across the studies being Poaceae grass in the
Netherlands, mugwort plants in Finland, and perennial
ryegrass in our study. The degree of sensitization and
severity of subsequent allergic reactions is known to be
different between countries and populations even after
exposure to the same plant pollen grains.*3 These data
would suggest that exposure to grass pollen grains (ir-
respective of species) are associated with adverse car-
diovascular outcomes, although the magnitude might
differ depending on the degree of individual suscepti-
bility and sensitization, and ultimately the phenotypic
expression of cardiovascular disease.

A possible explanation of pre-ACS exposure to pol-
len grains and subsequent in-hospital mortality is the
development of heightened inflammatory response
adversely impacting different organ function, thereby
leading to a clinical adverse event.*44® Increased in-
flammation is a hallmark of ACS,*4" and raised inflam-
matory markers in patients with ACS treated with PCI*®
were associated with increased risk of poor cardiovas-
cular outcomes. The precise mechanisms underpin-
ning inflammation to adverse cardiovascular outcomes
remains to be elucidated.'*® Potentiation of myocar-
dial damage and pathologic remodeling because of in-
flammatory processes, with subsequent development
of severe left ventricular dysfunction,®® heart failure,
and malignant arrhythmias,® have been suggested
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to be a potential link to increased risk of adverse car-
diovascular outcomes.>? Interest in identifying and
refining biochemical markers of inflammation®® and
anti-inflammatory therapies, such as colchicine, for
patients presenting with ACS have led to multiple ran-
domized controlled trials,>*%% with conflicting results.

Our study findings need to be considered in the
context of several limitations. First, given the retro-
spective nature, there are likely to be confounders that
could not be adjusted for that might have influenced
the study findings. Second, relevant clinical variables,
such as the proportion of patients with a preexisting
allergy or asthma diagnosis, were not available be-
cause VCOR did not capture them. Notably, it is also
unclear what proportion of patients were on preexist-
ing steroids or antihistamine medications. Third, it is
challenging to quantify geographic exposure to pollen
grains in any individual. Exposure to pollen was as-
sessed based on the average pollen count measured
by fixed stations often separated by large distances.
Finally, we did not have data on patients’ socioeco-
nomic background, which could impact their general
cardiovascular health and the clinical outcomes after
ACS.

In conclusion, in this multicenter observational studly,
seasonal and daily variations in levels of grass and total
pollen concentrations did not correlate with the frequency
of different subtypes of ACS presentation. However,
in-hospital mortality after presentation with ACS was
related to preceding grass and total pollen concentra-
tions, underscoring a potential biologic link between
grass and total pollen exposure and clinical outcomes
requiring validation in future studies. Future prospective
studies with linkage of individual patient data to pollen
data within predefined geographic locations may help
better define the relationship between pollen exposure
and incident cardiac events and outcomes.
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SUPPLEMENTAL MATERIAL



Table S1. Clinical Multivariate Predictors of in-hospital mortality and 30-day

MACCE

Clinical Multivariate Predictors

In-hospital Mortality

30-day MACCE

OR (95% CI) P-Value  OR (95% CI) P-Value
Age 1.04 (1.03-1.06) <0.001 1.02 (1.02-1.03) | < 0.001
Body Mass Index 1.02 (1.00-1.04) 0.04 1.01 (1.00- 1.03) 0.07
Stage Il Chronic Kidney Disease 2.41 (1.81-3.21) <0.001 1.48 (1.21-1.81) | <0.001
Stage IV Chronic Kidney Disease 6.06 (4.09- 8.98) <0.001 2.65 (1.94- 3.60) | <0.001
Out of hospital cardiac arrest 11.92 (9.00-15.8) <0.001 4.31(3.44-5.39) | <0.001
In hospital periprocedural cardiac 2.86 (2.05-3.98) <0.001 | 2.37 (1.80-3.10) | <0.001
arrest
Procedural Intubation 5.73 (3.97-8.28) <0.001 4.33 (3.12- 6.00) | <0.001
Mechanical Ventricular Support 4.12 (2.75-6.15) <0.001 4.26 (3.02-6.02) | <0.001
PCI for Moderate and severely 1.31 (1.02-1.68) 0.03 1.23 (1.05- 1.43) <0.01
complex lesions
PCI with 1 stent only 0.79 (0.61-1.02) 0.06 0.74 (0.63-0.88) 0.001
Multivessel coronary disease 2.49 (1.77-3.48) <0.001 1.46 (1.13- 1.89) 0.004
Moderate left ventricular 2.75 (2.02-3.75) <0.001 2.01 (1.63-2.48) | <0.001
dysfunction
Severe left ventricular dysfunction 7.11 (5.23-9.67) <0.001 4.25(3.39-5.33) | <0.001

*Abbreviations: PCI= Percutaneous Coronary Intervention.

tVariables included in the model include age, stage Ill Chronic Kidney Disease, Stage IV

Chronic Kidney Disease, Out of hospital cardiac arrest, In hospital periprocedural cardiac arrest,

Procedural Intubation, Mechanical Ventricular Support, PCI for Moderate and severely complex

lesions, PCI with 1 stent only, Multivessel coronary disease, Moderate left ventricular



dysfunction, Severe left ventricular dysfunction, mean daily temperature, humidity and

particulate matter PM 2.5 level.



