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Associations of pollen and cardiovascular disease
morbidity in Atlanta during 1993-2018
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including air pollutants.

Results: During 1993-2018, there were 1,573,968 CVD ED visits. Most pairwise models of the 13 pollen types and eight CVD
outcomes showed no association, with a few exceptions potentially due to chance.

Conclusion: We found limited evidence of the impact of pollen on cardiovascular morbidity in Atlanta. Further study on pollen expo-
sures in different climactic zones and exploration of pollen-pollution mixture effects is warranted.

Background: Pollen exposure is associated with substantial respiratory morbidity, but its potential impact on cardiovascular disea
(CVD) remains less understood. This study aimed to investigate the associations between daily levels of 13 pollen types and emer-
gency department (ED) visits for eight CVD outcomes over a 26-year period in Atlanta, GA.

Methods: We acquired pollen data from Atlanta Allergy & Asthma, a nationally certified pollen counting station, and ED visit data
from individual hospitals and the Georgia Hospital Association. We performed time-series analyses using quasi-Poisson distributed
lag models, with primary analyses assessing 3-day (lag 0-2 days) pollen levels. Models controlled for temporally varying covariates,
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Introduction

Pollen exposure is associated with substantial respiratory mor-
bidity, with one-quarter of adults in the United States affected by
pollen-related seasonal illnesses such as allergic rhinitis, asthma,
and wheezing.! The possibility has been raised that pollen may
also impact cardiovascular disease (CVD) risk. The allergic
immune response triggered upon exposure leads to increased
inflammation and histamine release, both of which play a role in
the pathogenesis of some cardiovascular conditions.>* However,
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the evidence of pollen being associated with CVD is limited.
Only a few studies have examined associations between pollen
and cardiovascular mortality*® and emergency department (ED)
visits®® with mixed results. These studies were based on a small
number of pollen species and relatively short study periods, and
only one study was based in the United States.*® Here we inves-
tigate associations between daily levels of 13 types of pollen
and ED visits for CVD over a 26-year period (1993-2018) in
Atlanta, GA using a time-series study design.

Methods
Morbidity data

ED visit data acquisition has been described in detail elsewhere.
Briefly, at the start of the study period (1993-2004), patient-
level hospital billing record data for emergency room visits were
acquired from individual hospitals. In subsequent years, data for
all hospitals were acquired from the Georgia Hospital Association.
Using primary International Classification of Diseases diagnosis
codes, we identified cases as having one of the following cardio-
vascular outcomes: hypertension, ischemic heart disease, dysrhyth-
mia, congestive heart failure, stroke, peripheral vascular disease,
myocardial infarction, or all CVDs (see Supplemental Table 1;
http://links.lww.com/EE/A263). Cases were aggregated by day to
obtain the daily number of visits for each outcome.

9-12

What this study adds:

This study contributes to our limited understanding of the rela-
tionship between short-term pollen exposures and cardiovascu-
lar disease morbidity through a comprehensive 26-year analysis
of daily pollen levels and emergency department visits for vari-
ous cardiovascular outcomes in Atlanta, GA. The findings reveal
that most pollen types are not acutely associated with cardio-
vascular morbidity. This research enhances our comprehension
of the complex interplay between environmental factors and
cardiovascular disease. Given the single location of this study,
there is a need for further investigation in diverse geographic
regions and consideration of pollen mixture effects.
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Figure 1. Rate ratios and 95% Cls per standard deviation increase in pollen taxa concentration and emergency department visits for all cardiovascular disease
(CVD), hypertension (HT), ischemic heart disease (IHD), myocardial infarction (Ml), congestive heart failure (CHF), peripheral heart disease (PERI), stroke (STR),

and dysrhythmia (DYS).

Pollen monitoring

Daily levels of pollen (i.e., number of grains per m? of air) from
juniper, maple, birch, pine, elm, oak, willow, sycamore, mul-
berry, nettle, pigweed, ragweed, and grasses were obtained from
Atlanta Allergy & Asthma, which is the single National Allergy
Bureau certified monitoring station in Atlanta. We selected these
taxa based on their suspected allergenicity, consistent sampling
throughout the study period, and because they constitute the
predominant pollen taxa in Atlanta.'>'¢ The relevant pollen sea-
sons for each taxa were determined through visual inspection of
the data, drawing on previous research that employed a 3-day
consecutive approach to calculating season start and end dates,
similar to methodologies in other studies.'>** Sample processing
has been described in detail in Darrow et al’ and Manangan et
al.'* More detail on these 26-year pollen data can also be found
in Lappe et al.®®

Statistical methods

Time-series analyses were conducted to examine the associa-
tion between pollen exposure and ED visits for CVDs. We used
log-linear quasi-Poisson regression models to estimate the asso-
ciation between daily pollen levels and counts of all cardio-
vascular ED visits and for each outcome separately, based on
our prior work." Primary analyses assessed associations using
3-day (lag 0-2) distributed lag models and controlled for tem-
poral confounding using indicator variables for day of week,
federal holidays, month and year, and month-by-year interac-
tion terms. Analyses were limited to the relevant pollen seasons
for each taxon, as months outside of these seasons generally had
extremely low concentrations (Supplemental Figure 1; http://
links.lww.com/EE/A263). We also included cubic functions for
individual lags 0, 1, and 2 of daily mean temperature, obtained
from the Atlanta Hartsfield International Airport weather sta-
tion via the National Climatic Data Center. In sensitivity analy-
ses, we further controlled for ambient air pollutants NO,,PM ,
and O, in the models, and we also considered nonlinear models
of exposure for the grouped pollen taxa (tree, weed, and grass).
All results are presented as incidence rate ratios (RR) and 95%
confidence intervals (CI) for taxa-specific standard deviation
increases in pollen levels based on the full 1993-2018 study
period.

Results

There were 1,573,968 CVD ED visits over the study period,
which included 405,711 hypertension visits, 223,302 ischemic
heart disease visits, 224,174 dysrhythmia visits, 110,961 myo-
cardial infarction visits, 200,577 congestive heart failure visits,
17,266 peripheral heart disease visits, and 175,069 stroke visits.
CVD visits were slightly higher in the winter than in the sum-
mer, with monthly average cases peaking in February and dipping
in July (Supplemental Figure 1; http:/links.lww.com/EE/A263).
There were notable drops in ED visits on certain federal holidays,
namely January 1st, December 25th, and July 4th. Spearman cor-
relation coefficients for pollen, air pollutants, and meteorological
variables show the highest correlations among tree pollen species
(Supplemental Figure 2; http:/links.lww.com/EE/A263).

The majority of models examining the various pollen-outcome
pairs showed no association (Figure 1). The only associations
with CVD morbidity were observed for elm and pigweed pollen,
although these could be chance findings. In particular, we found
that a standard deviation increase in elm pollen resulted in a 1%
increase in ischemic heart disease ED visits (RR = 1.01; 95% CI =
1.00, 1.02). We also found that a standard deviation increase in
pigweed pollen resulted in a 2% increase in hypertension ED visits
(RR = 1.02; 95% CI = 1.00, 1.03) and an 8% increase in periph-
eral heart disease ED visits (RR = 1.08; 95% CI = 1.01, 1.016)
(Figure 1). We similarly found no associations of CVD ED visits
and pollen grouped by tree, weed, or grass species, either when
modeled linearly (Supplemental Table 2; http:/links.lww.com/EE/
A263) or nonlinearly (Supplemental Figure 3; http:/links.lww.com/
EE/A263). Controlling for air pollution did not substantially change
the magnitude of point estimates, although the confidence intervals
became smaller for several pollen-outcome pairs. Specifically, after
the inclusion of NO, in the models, we found associations between
elm pollen and all CVD visits (RR = 1.01; 95% CI = 1.00, 1.01);
and we found associations between hypertension visits and elm
(RR = 1.01; 95% CI = 1.00, 1.02), mulberry (RR = 1.02; 95%
CI = 1.00, 1.04), and nettle (RR = 1.06; 95% CI = 1.00, 1.12)
(Supplemental Figure 4; http:/links.lww.com/EE/A263).

Discussion

This 26-year study represents the longest time-series study on
the relationship between pollen and cardiovascular morbidity.
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Most pollen-outcome pairs we tested showed no association,
with the exception being elm and pigweed pollen. As we tested
~100 associations, there is a possibility of the few observed sig-
nificant associations being false positives considering our signif-
icance level of 0.05.

To our knowledge, only a few population-based studies—
from the Netherlands, Finland, Canada, Australia, and the
United States—have been published on pollen and cardiovas-
cular outcomes, and three of these studies focus on cardio-
vascular mortality.*%2° These studies reported mixed results.
Brunekreef et al* explored associations of oak, birch, and
grass pollen with CVD mortality, and found associations only
with grass pollen. Jaakkola et al® explored associations of
alder, birch, mugwort, and grass pollen with CVD mortality,
and found associations only with mugwort. Al-Mukhtar et
al?® found an association between the concentration of grass
and total pollen in the preceding days with the occurrence of
in-hospital, but not with acute coronary syndromes during
hospitalization. Weichenthal et al” explored grouped grass,
weed, and tree pollen with myocardial infarction ED visits.
While continuous pollen exposure showed no associations,
categorizing pollen levels into tertiles revealed stronger associ-
ations for grouped grass pollen with myocardial infarction in
the middle and upper tertile compared with the lowest tertile.
Nitschke et al® explored grouped grass, weed, and tree pollen
associations with CVD ED visits and found associations only
in some months of the year. Lastly, Low et al® found a small
increase in hospital admissions for stroke associated with
same-day grass pollen counts. Despite the variability in plant
species and seasonality across study locations, our findings in
Atlanta similarly suggest mixed results, with no associations
for most pollen-outcome pairs, including when pollen was
grouped as trees, weeds, or grasses.

This study had several strengths, including a large study pop-
ulation, speciated pollen data, a long study period, and the use
of time-series design to adjust for time-invariant confounding.
This study also had several limitations. We did not have patient-
level information on medication use or comorbidities, which
limits our interpretation of the results. The ED data represent
only the most severe CVD cases, and do not capture the major-
ity of less severe cases that seek primary or urgent care; such
cases may also be associated with pollen, and this could be an
extension of future research. Additionally, there is potential for
exposure misclassification, as the single monitor used to mea-
sure pollen levels may not capture spatial variations in exposure
across Atlanta.

In conclusion, we found limited evidence that pollen is associ-
ated with cardiovascular morbidity in Atlanta. Further study on
pollen exposures in different climactic zones and exploration of
pollen mixture effects is warranted.

Conflicts of interest statement

The authors declare that they have no conflicts of interest with
regard to the content of this report.

Funding

This research was supported by grants to Emory University
from the National Institute of Environmental Health Sciences
(NIEHS) of the National Institutes of Health (NIH) under award
numbers ST32ES12870, RO1ES027892, and P30ES019776.
Development of the emergency department visit database was
also supported by grants to Emory University from the United
States Environmental Protection Agency (USEPA; R82921301),
NIEHS (R0O1ES11294), and the Electric Power Research
Institute (EP-P27723/C13172 and EP-P4353/C2124). The
content is solely the responsibility of the authors and does not

www.environmentalepidemiology.com

necessarily represent the official views of the NIH, USEPA, or
Electric Power Research Institute.

Acknowledgments

We are grateful for the support of individual hospitals in the
Atlanta metropolitan area and the Georgia Hospital Association
in the provision of emergency department visit billing record
data for the study. We are also grateful for the support of Stanley
Fineman and Atlanta Allergy & Asthma for their collection,
analysis, and sharing of speciated pollen data. We would like to
acknowledge reviewers of the Centers for Disease Control and
Prevention for their expert review and feedback.

References

1. Diagnosed Allergic Conditions in Adults: United States, 2021. In:
National Center for Health S, ed. NCHS data brief; no. 460. Hyattsville,
MD; 2023.

2. Bergmann K, Sypniewska G. Is there an association of allergy and car-
diovascular disease?. Biochem Med (Zagreb). 2011;21:210-218.

3. Triggiani M, Patella V, Staiano RI, Granata F, Marone G. Allergy and the
cardiovascular system. Clin Exp Immunol. 2008;153:7-11.

4. Brunckreef B, Hoek G, Fischer P, Spieksma FTM. Relation between
airborne pollen concentrations and daily cardiovascular and
respiratory-disease mortality. Lancet. 2000;355:1517-1518.

5. Jaakkola JJK, Kithamiki S-P, Ndyha S, Ryti NRI, Hugg TT, Jaakkola
MS. Airborne pollen concentrations and daily mortality from respira-
tory and cardiovascular causes. Eur | Public Health. 2021;31:722-724.

6. Nitschke M, Simon D, Dear K, Venugopal K, Jersmann H, Lyne K.
Pollen exposure and cardiopulmonary health impacts in Adelaide, South
Australia. Int | Environ Res Public Health. 2022519:9093.

7. Weichenthal S, Lavigne E, Villeneuve PJ, Reeves E Airborne pollen
concentrations and emergency room visits for myocardial infarction:
a multicity case-crossover study in Ontario, Canada. Am | Epidemiol.
2016;183:613-621.

8. Low RB,Bielory L, Qureshi AL, Dunn V, Stuhlmiller DFE, Dickey DA. The
relation of stroke admissions to recent weather, airborne allergens, air
pollution, seasons, upper respiratory infections, and asthma incidence,
September 11,2001, and day of the week. Stroke. 2006;37:951-957.

9. Darrow LA, Hess J, Rogers CA, Tolbert PE, Klein M, Sarnat SE. Ambient
pollen concentrations and emergency department visits for asthma and
wheeze. | Allergy Clin Immunol. 2012;130:630-638.e4.

10. Strickland MJ, Darrow LA, Klein M, et al. Short-term associations
between ambient air pollutants and pediatric asthma emergency depart-
ment visits. Am | Respir Crit Care Med. 2010;182:307-316.

11. Winquist A, Grundstein A, Chang HH, Hess ], Sarnat SE. Warm sea-
son temperatures and emergency department visits in Atlanta, Georgia.
Environ Res. 2016;147:314-323.

12. O’Lenick CR, Winquist A, Chang HH, et al. Evaluation of individual and
area-level factors as modifiers of the association between warm-season
temperature and pediatric asthma morbidity in Atlanta, GA. Environ
Res. 2017;156:132-144.

13. Lewis WH, Vinay P, Zenger VE. Airborne and Allergenic Pollen of North
America. Johns Hopkins University Press; 1983.

14. Lin RY, Clauss AE, Bennett ES. Hypersensitivity to common tree pollens
in New York City patients. Allergy Asthma Proc. 2002;23:253-258.

15. Lappe BL, Ebelt S, D’Souza RR, et al. Pollen and asthma morbidity in
atlanta: a 26-year time-series study. Environ Int. 2023;177:107998.

16. Manangan A, Brown C, Saha S, et al. Long-term pollen trends and
associations between pollen phenology and seasonal climate in Atlanta,
Georgia (1992-2018). Ann Allergy Asthma Immunol. 2021;127:471-
480.e4.

17. Ariano R, Canonica GW, Passalacqua G. Possible role of climate
changes in variations in pollen seasons and allergic sensitizations during
27 years. Ann Allergy Asthma Immunol. 2010;104:215-222.

18. Ziska L, Knowlton K, Rogers C, et al. Recent warming by latitude asso-
ciated with increased length of ragweed pollen season in central North
America. Proc Natl Acad Sci U S A.2011;108:4248-4251.

19. Bastl K, Kmenta M, Berger UE. Defining pollen seasons: background
and recommendations. Curr Allergy Asthma Rep.2018;18:73.

20. Al-Mukhtar O, Vogrin S, Lampugnani ER, et al. Temporal changes in
pollen concentration predict short-term clinical outcomes in acute coro-
nary syndromes. | Am Heart Assoc. 2022;11:€023036.



