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Pollen Count and Presentation of Angiotensin-Converting
Enzyme Inhibitor-Associated Angioedema
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during months when pollen counts are increased.

vigilant to this possibility.

What is already known about this topic? The incidence of angiotensin-converting enzyme (ACE) inhibitor-associated
angioedema is increased in patients with seasonal allergies.

What does this article add to our knowledge? This article reports an association of the presentation of ACE inhibitor-

associated angioedema with elevated pollen counts. Patients are more likely to present with this adverse drug event

How does this study impact current management guidelines? These data suggest that environmental exposure may
explain why patients can present with angioedema even after prolonged ACE inhibitor use and remind physicians to be

BACKGROUND: The incidence of angiotensin-converting
enzyme (ACE) inhibitor-associated angioedema is increased in
patients with seasonal allergies.
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OBJECTIVE: We tested the hypothesis that patients with ACE
inhibitor-associated angioedema present during months when
pollen counts are increased.

METHODS: Cohort analysis examined the month of presentation
of ACE inhibitor-associated angioedema and pollen counts in the
ambulatory and hospital setting. Patients with ACE inhibitor-
associated angioedema were ascertained through (1) an
observational study of patients presenting to Vanderbilt University
Medical Center, (2) patients presenting to the Marshfield Clinic
and participating in the Marshfield Clinic Personalized Medicine
Research Project, and (3) patients enrolled in The Ongoing
Telmisartan Alone and in Combination with Ramipril Global
Endpoint Trial (ONTARGET). Measurements include date of
presentation of ACE inhibitor-associated angioedema, population
exposure to ACE inhibitor by date, and local pollen counts by date.
RESULTS: At Vanderbilt, the rate of angioedema was
significantly associated with tree pollen months (P = .01 from
% test). When separate analyses were conducted in patients with
a history of seasonal allergies and patients without, the rate of
ACE inhibitor-associated angioedema was increased during tree
pollen months only in patients with a history of seasonal
allergies (P = .002). In Marshfield, the rate of angioedema was
significantly associated with ragweed pollen months (P = .025).
In ONTARGET, a positive trend was observed between the ACE
inhibitor-associated angioedema rate and grass season, although
it was not statistically significant (P = .057).
CONCLUSIONS: Patients with ACE inhibitor-associated
angioedema are more likely to present with this adverse drug
event during months when pollen counts are increased. © 2013
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol: In Practice 2013;m:m-m)

Key words: Angiotensin-converting enzyme inhibitor; angioedema;
pollen; bradykinin; substance P; seasonal allergies


http://dx.doi.org/10.1016/j.jaip.2013.05.003
http://dx.doi.org/10.1016/j.jaip.2013.05.003
mailto:nancy.j.brown@vanderbilt.edu
http://dx.doi.org/10.1016/j.jaip.2013.05.003

2 STRAKA ET AL

Abbreviations used
ACE- Angiotensin-converting enzyme
ONTARGET- Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial

Angiotensin-converting enzyme (ACE) inhibitors reduce
morbidity and mortality in patients with congestive heart failure,
risk factors for coronary artery disease, and nephropathy.'™
Occasionally, ACE inhibitors cause a potentially serious adverse
event called angioedema, characterized by swelling of the lips,
tongue, pharynx, face, and sometimes the hands, feet, or
abdominal viscera.”

The presumed mechanism of ACE inhibitor-associated
angioedema involves decreased degradation of the vasoactive
peptides bradykinin and substance P. Bradykinin increases
vascular permeability directly by stimulating its B, receptor and
also stimulates the release of substance P from nerve terminals;
substance P, in turn, increases vascular permeability via the
neurokinin 1 receptor.”®

The reported incidence of ACE inhibitor-associated angioe-
dema varies from 0.1% to 0.7% in epidemiologic studies to as high
as 6% in prospective clinical trials.”” The incidence of ACE
inhibitor-associated angioedema is increased in African Americans,
women, smokers, patients who have received a transplant or are
immunosuppressed, and in patients with seasonal allergies, whereas
the risk of angioedema is reduced in diabetics.”'®'" Angioedema
often occurs after prolonged ACE inhibitor use, suggesting some
environmental factor(s) may trigger an episode.'>'?

For >9 years, Vanderbilt investigators have collected and
analyzed blood and DNA from patients with ACE inhibitor-
associated angioedema.””'" This experience suggested that
patients were more likely to present with angioedema during the
spring and late summer, relative to other seasons. Because ACE
inhibitor-associated angioedema is associated with a history of
seasonal allergies, we hypothesized that ACE inhibitor-associated
angioedema may be more common during months when pollen
counts are high. To test this hypothesis, we examined the rela-
tionship between the month of presentation of patients with
ACE inhibitor-associated angioedema and pollen counts in the
Nashville area. We also examined the relationship between the
month of presentation of ACE inhibitor-associated angioedema
and periods with high pollen counts to assess replication in 2 other
studies: the Marshfield Clinic Personalized Medicine Research
Project and the Ongoing Telmisartan Alone and in Combination
with Ramipril Global Endpoint Trial (ONTARGET).

METHODS
Ascertainment of Nashville cases

The study was approved by the Vanderbilt University Insti-
tutional Review Board, and all patients provided written
informed consent.

This is a cohort study. Cases were identified prospectively at
presentation with angioedema via activation of a study pager by
the emergency department or clinic physician, retrospectively
by referral by their primary care physician, or retrospectively by
search of the electronic medical record for the diagnosis of
angioedema in a patient taking an ACE inhibitor from January
2004 through December 2010. The whole cohort (population)
at risk for these angioedema cases (see Table E1 in this article’s
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Online Repository at www.jaci-inpractice.org) was estimated on
the basis of the number of patients who had been prescribed
an ACE inhibitor each month during this time period with the
use of the Vanderbilt University Medical Center’s electronic
prescribing system.

One hundred seventy-three cases were identified and were
interviewed by a research nurse or physician, and the medical
history, including history of angioedema and history of seasonal
allergies, was confirmed with a detailed case report form. Cases
were defined as having ACE inhibitor-associated angioedema if
they had swelling of the lips, pharynx, or face while taking an
ACE inhibitor, but had never had angioedema while not taking
an ACE inhibitor. Patients were asked if they had a history of
seasonal allergies and what their symptoms were, as well as if they
had any food or medication allergies. A detailed medication
history was taken. Eighteen patients were excluded from this
analysis because they could not recall the date of presentation of
angioedema and documentation was not available.

Information on pollen exposure in Nashville was obtained
from the Metro Nashville and Davidson County Public Health
Department. Counts of various types of pollen were measured
daily from a monitoring station located in the Lentz Public
Health Department. Daily pollen counts were available for the
period from January 2004 through December 2010. Of the 155
patients with a known date of onset of ACE inhibitor-associated
angioedema, 109 presented with angioedema during this period.
These 109 patients were included in the analysis.

Ascertainment of Marshfield angioedema cases and
pollen exposure

The Marshfield Clinic Personalized Medicine Research
Project is a large population-based biobank linked to an elec-
tronic medical record that includes all events and encounters of
patients within the Marshfield Clinic system of care. It includes
a complete retrospective medication use history, as well as
International Classification of Diseases, Ninth Revision, codes,
and textual documentation such as office notes, operative reports,
discharge summaries, and other patient information to allow for
the development of algorithms to detect medication exposure
and outcomes.

The study was approved by the Marshfield Clinic Institutional
Review Board. Cases were identified retrospectively via electronic
medical records, and the medical history of each potential study
patient was reviewed by a trained research coordinator, as
previously described.'* The research coordinator completed
a case report form, similar to the one used in Nashville. From
June 1996 through June 2009, a total of 30 patients who met the
case definition were included in the analysis. Three patients had
a documented recurrence of angioedema, bringing the total
number of events to 33. Information about history of seasonal
allergies was not available for these patients.

Information on pollen exposure in Wisconsin during the
study period was obtained from the Allergy, Asthma & Sinus
Center, S.C., in Milwaukee. Daily pollen counts were available
for the months of March through November 1995 through
2009, but data were missing for 2002 and a portion of 2003.
The Marshfield population at risk (Table E2 in this article’s
Online Repository at www.jaci-inpractice.org) for angioedema
was calculated on the basis of the number of patients who had
been prescribed ACE inhibitor each month with the use of the
Marshfield electronic medical record.
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Ascertainment of ONTARGET angioedema cases
and pollen exposure

ONTARGET was a randomized clinical trial that compared
the ACE inhibitor ramipril, the angiotensin receptor blocker
telmisartan, and the combination of the 2 drugs in patients with
vascular disease or high-risk diabetes. A detailed description of
the trial can be found elsewhere.'’ During the trial, investigators
at 54 centers reported episodes of angioedema in 60 ACE
inhibitor-exposed patients and provided the date of presentation
(from May 2002 through September 2007).

For participating centers in the ONTARGET trial, local
pollen season information was obtained from htetp://www.hon
.ch/Library/Theme/Allergy/Glossary/calendar.html and heep://
www.theweathernetwork.com/pollenfx. Pollen season data were
not available for 8 patients presenting in the United Arab
Emirates, Argentina, and Brazil, and these patients were excluded
from the analysis. The ONTARGET exposure (Table E3 in this
article’s Online Repository at www.jaci-inpractice.org) for
angioedema was calculated as the number of patients in each
center times their mean follow-up time on study.

Statistical analysis

For each site we conducted a X test to assess the association
between angioedema rate and pollen season combined over the
years. For Nashville and Marshfield, pollen season was defined as
those months during which the pollen count exceeded 20 grains/
cubic meter (gr/M?) per day. This is at the 75th percentile for
grass pollen and between the 50th and 75th percentile for tree
and weed pollen, according to the American Academy of Allergy,
Asthma, and Immunology.'® Because pollen data for Wisconsin
were missing for some periods, we used the average pollen count
from 1995 through 2009 for each day of the calendar year. For
ONTARGET, we used the pollen season defined for each site in
the databases noted earlier. The expected numbers of angioe-
dema cases in pollen season and off season as in Tables I to III
were calculated by assuming that angioedema had occurred at the
same rate during the 2 seasons.

We also fit a Poisson regression model to examine the effect of
pollen exposure on monthly angioedema rate. For the Nashville
sample, monthly average pollen count was used as the exposure
in the model. For the Marshfield sample, pollen season, as
defined previously for use in the X2 test, was used in the model.
For the ONTARGET study, we treated each individual center as
the observation unit in the Poisson regression model to examine
the effect of pollen season on angioedema rate. The 95%
confidence interval of the rate ratio was constructed with Wald
statistics.

On the basis of the assumption that the number of patients
prescribed an ACE inhibitor ascertained through the electronic
prescribing systems or the ONTARGET database was in
constant proportion to the population of patients prescribed an
ACE inhibitor, we were able to quantify the effect of pollen
exposure on the ratio of the underlying angioedema rates. We
were not able to calculate the absolute angioedema rates,
however, because of incomplete data on the total number of
patients prescribed an ACE inhibitor. A two-sided P value
< .050 was considered statistically significant. Analyses were
conducted with the R 2.13.1 statistical package (http://www
.I-project.org).
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TABLE I. Vanderbilt patient characteristics

Parameter Value
Age (y), mean = SD 559 £ 14.1
Sex
Male, no. (%) 47 (43.1)
Female, no. (%) 62 (56.9)
Ethnicity
African, no. (%) 64 (58.7)
European, no. (%) 45 (41.3)
Smokers, no. (%)* 64 (59.3)
Diabetes, no. (%)* 34 (31.5)
Seasonal allergies, no. (%)* 67 (61.5)
ACE inhibitors, no. (%)
Lisinopril 78 (71.5)
Enalapril 9 (8.2)
Benazepril 9 (8.2)
Ramipril 6 (5.5)
Quinapril 5 (4.6)
Fosinopril 1(1)
Unknown 1(1)
Antihistamines, no. (%) 21 (19.3)
Nasal spray (corticosteroid, sympathomimetic), no. (%) 20 (18.3)
Inhalers, no. (%) 11 (10.1)

*Percentage among those patients for whom data were available. Data were available
for >98% of patients for each of these categories.

RESULTS
Vanderbilt

One hundred nine patients presented with ACE inhibitor-
associated angioedema on a known date during a month for
which pollen data were available. Subject characteristics appear in
Table 1.

From January 2004 to December 2010, there were 35 months
during which the pollen exceeded 20 gr/M? on at least 1 day,
defined as months of pollen season. The specific months varied
with the year and type of pollen. On average, 3.1 months of the
year were defined as tree pollen season, 3.4 months as grass
pollen season, 4.9 months as tree/grass pollen season, 3.6 months
as grass/ragweed pollen season, 4.4 months as tree/ragweed
pollen season, and 1.3 months as ragweed pollen season. Fifty-
three of the 109 total patients presented with ACE inhibitor-
associated angioedema during any pollen month, compared with
56 patients during non-pollen season (Figure 1 and Table II).
When separate pollen seasons were defined for specific types of
pollen, the presentation of angioedema was significantly associ-
ated with tree pollen months, but not with grass or ragweed
pollen months (Table II).

Among the 109 patients who had angioedema, 67 (61%) had
a history of seasonal allergy. Patients with a history of seasonal
allergies were significantly more likely to be taking an antihis-
tamine or corticosteroid or sympathomimetic nasal spray (36%
vs 16%; P = .01). We conducted a subgroup analysis to deter-
mine whether the relationship between presentation of angio-
edema and months with high pollen counts differed in patients
with and without a history of seasonal allergy. For this analysis,
we assumed a stable ratio between ACE inhibitor users with
seasonal allergy and without seasonal allergy. A significant asso-
ciation was observed between angioedema rate and tree pollen
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TABLE II. x2 Test for association between ACE inhibitor-associated angioedema and pollen season, based on type of pollen, Vanderbilt

All patients History of seasonal allergies No history of seasonal allergies
Observed Expected* Observed Expected* Observed Expected*
Tree
Pollen season 39 27 28 17 11 11
Off season 70 82 39 50 31 31
P value .01 .002 .864
Grass
Allergy season 33 32 16 20 17 12
Off season 76 77 51 47 25 30
P value 789 346 105
Ragweed
Pollen season 9 14 2 9 7 6
Off season 100 95 65 58 35 36
P value 134 .014 494

*Expected was calculated with the assumption that angioedema occurs evenly during the whole year.

TABLE III. X2 Test for association between ACE inhibitor-
associated angioedema and pollen season, based on type of
pollen, for all patients at Marshfield

Observed Expected*

Tree
Pollen season 9 11
Off season 24 22
P value 466

Grass
Pollen season 4 6
Off season 29 27
P value 475

Weed
Pollen season 19 14
Off season 14 19
P value .064

Ragweed
Pollen season 14 8
Off season 19 25
P value .025

*Expected was calculated with the assumption that angioedema occurs evenly during
the whole year.

season (Table II). This association was not statistically significant
in patients without a history of seasonal allergies (Table II). ACE
inhibitor-associated angioedema was actually decreased during
ragweed pollen season, but the period during which ragweed
exceeded 20 gr/M? was short and included grass pollen.

In the Poisson regression model, the monthly angioedema rate
was significantly associated with the pollen count (P = .047 for
all patients; P = .022 for ACE inhibitor users who reported
a history of seasonal allergy). For each increase in monthly
average pollen count of 10 gr/M3 , the rate of angioedema
increased by 4.6% (95% CI, 0.12%-9.3%) for all subjects and
by 6.4% (95% CI, 1.0%-12.1%) for subjects with a history of
seasonal allergy.

The distribution of race, sex, smoking history, or diabetes
history among patients presenting with angioedema did not vary
by tree, grass, or ragweed pollen season (Table E4 in this article’s
Online Repository at www.jaci-inpractice.org).

Marshfield

Thirty patients presented with 33 episodes of ACE inhibitor-
associated angioedema during the time period when pollen data
were available. Their mean age was 65.5 & 11.4 years. Eighteen
were women, and all were of European ancestry. At presentation
with angioedema, the patients were taking the following ACE
inhibitors: lisinopril (n = 8), enalapril (n = 6), benazepril
(n = 6), trandolapril (n = 5), moexepril (n = 3), captopril
(n = 2), fosinopril (n = 2), and quinapril (n = 1). Eight patients
were taking an antihistamine or nasal spray. Seven smoked, and
13 had diabetes. Four months of the year were defined as tree
pollen season, 2 months as grass pollen season, 5 months as weed
pollen season, and 3 months as ragweed pollen season. The rate
of angioedema was significantly associated with ragweed pollen
months (P =.025 by XZ test) but not with months when counts
of other types of pollen were elevated (Figure 2 and Table III). In
the Poisson regression model, the ratio of angioedema rate in
ragweed pollen season compared with the rate in the off season
was estimated to be 2.16 (95% CI, 1.085-4.315).

ONTARGET

Fifty-two patients presented with ACE inhibitor-associated
angioedema at 48 centers for which pollen season information
was available. Their mean age was 66.5 £ 7.5 years and 34 were
men. Forty-six were of European ancestry, 3 of African ancestry,
2 Asian ancestry, and 1 Hispanic white ancestry. Twelve of the
52 smoked and 15 were diabetic.

Among these 52 patients, 36 presented with ACE inhibitor-
associated angioedema during pollen season and 16 presented
during other months (Figure E1 in this article’s Online Repos-
itory at www.jaci-inpractice.org). A positive trend was observed
between the ACE inhibitor-associated angioedema rate and grass
season, although it was not statistically significant (P = .057
from X2 test; Table IV). In the Poisson regression model, the
ratio of ACE inhibitor-associated angioedema rate during grass
pollen season compared with the rate during other months was
estimated to be 1.69 (95% CI, 0.98-2.91).

DISCUSSION
We report for the first time an association of the timing of
presentation of ACE inhibitor-associated angioedema with
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FIGURE 1. Presentation of patients with ACE inhibitor-associated angioedema and associated pollen count, Vanderbilt. Patients were
significantly more likely to present with ACE inhibitor-associated angioedema during peak pollen season. This pattern was observed in
patients with a history of seasonal allergies but not in patients without a history of seasonal allergies. The natural log of pollen count is

presented for each date.
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FIGURE 2. Presentation of patients with ACE inhibitor-associated angioedema and associated pollen count, Marshfield. Patients were
significantly more likely to present with ACE inhibitor-associated angioedema during peak pollen season. Allergy history was not available
for patients at Marshfield. The natural log of pollen count is presented for each date.

elevated pollen counts. We found this association in 3 different
populations, which differed in geographic location and in racial
composition. Although the precise months and specific types of
pollen involved differed in the 3 populations, this may reflect
regional differences in season duration, associated risk factors, and
genetic predisposition among the populations studied. It may be
that the atopic predisposition to specific acroallergens may lead to
inflammation and, in turn, trigger ACE inhibitor-associated
angioedema. These data suggest that environmental exposure may
explain why patients can present with angioedema even after
prolonged ACE inhibitor use and remind physicians to be vigilant
to this possibility.

Prior epidemiologic studies have reported an increased inci-
dence of ACE inhibitor-associated angioedema among patients
with seasonal allergies.”'® For example, in the Omapatrilat
Cardiovascular Treatment Assessment versus Enalapril trial,
patients with a history of seasonal allergy had an odds ratio
for ACE inhibitor-associated angioedema of 1.79 (95% ClI,
1.06-3.00).'" Byrd et al” reported an odds ratio for angioedema

of 2.40 (95% CI, 1.42-4.07) among patients with a history of
seasonal allergies. Nevertheless, the mechanism of this association
has not been clear. ACE inhibitor-associated angioedema itself is
not a typical hypersensitivity reaction.* Rather, ACE inhibitor-
associated angioedema, like hereditary angioedema, likely results
from excess concentrations of vasoactive peptides. Although
hereditary angioedema results from increased generation of bra-
dykinin,"” ACE inhibitor-associated angioedema is thought to
result from defective degradation of bradykinin and substance P
via other enzymes when ACE is inhibited.*

We studied the relationship between ACE inhibitor-associated
angioedema in 3 separate populations. We note the limitation of
a small number of cases presenting to the Marshfield, Wisconsin,
and ONTARGET cohorts. Nevertheless, the Nashville study
population is the largest sample of ACE inhibitor-associated
angioedema cases of which we are aware. In the Omapatrilat
Cardiovascular Treatment Assessment versus Enalapril trial, by
comparison, there were 86 cases of angioedema.9 In addition,
patients were defined as having seasonal allergies on the basis of
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TABLE IV. y> Test for association between ACE-inhibitor-
associated angioedema and pollen season, based on type of
pollen, for all centers except United Arab Emirates and South
American, ONTARGET

Observed Expected*
Tree
Pollen season 22 20
Off season 30 32
P value 642
Grass
Pollen season 27 20
Off season 25 32
P value .057
Weed
Pollen season 20 21
Off season 32 31
P value 167

*Expected was calculated with the assumption that angioedema occurs evenly during
the whole year.

clinical history and did not undergo formal IgE sensitization
testing. The ability to detect a direct association between sensi-
tivity to specific pollen and concentrations of that pollen would
have strengthened the study.

This study did not examine the relationship between ACE
inhibitor-associated cough and season or pollen count. The
pathophysiologic relationship between cough and angioedema is
not known. However, at least 1 epidemiologic study suggests that
ACE inhibitor-associated cough is a risk of angioedema.'®
However, Asian populations, whereby rates of ACE inhibitor-
associated cough are high, have decreased risk of angioedema. 18,19

The observation that angioedema can occur long after initia-
tion of therapy and remit and recur spontaneously'>'> suggests
that an environmental stimulus may be necessary to trigger the
formation of bradykinin or substance P. Seasonal exposure to
antigens could represent such a stimulus for some patients.
Natural allergen exposure induces the expression of bradykinin®
and substance P*' on the surface of the human nasal mucosa. In
addition, patients with allergic rhinitis show increased respon-
siveness to bradykinin22 and substance P.2! Thus, it can be
postulated that allergic inflammation increases the production
and vasoactive effects of bradykinin and substance P, rendering
patients with defects in non-ACE degradation pathways and
seasonal allergies more susceptible to angioedema during certain
months of the year.
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FIGURE E1. Presentation of patients with ACE inhibitor-associated angioedema and associated pollen count for ONTARGET. A nonsig-
nificant trend was observed toward an association between grass pollen season and the presentation of ACE inhibitor-associated
angioedema. Information about pollen months was not available for the United Arab Emirates or for centers in Argentina and Brazil.
Allergy history was not available for patients in the ONTARGET trial. NZ, New Zealand; UK, United Kingdom; USA, United States of
America.
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TABLE E1. ACE inhibitor prescriptions in the Vanderbilt electronic prescribing system

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Y2004 453 419 518 451 503 455 461 508 531 529 537 620
Y2005 689 640 840 800 800 817 742 823 817 868 800 944
Y2006 1051 950 1073 1067 1269 1252 1273 1432 1389 1432 1520 1470
Y2007 1851 1641 1733 1779 1882 1731 1805 1946 1747 2037 1892 1906
Y2008 2304 2217 2185 2197 2212 2137 2237 2186 2352 2409 2123 2535
Y2009 2768 2537 2730 2714 2635 2751 2678 2702 2708 2982 2892 3070
Y2010 3260 3084 3500 3223 2901 3315 3044 3145 3160 3136 3113 3199
Values are numbers of ACE inhibitor prescriptions.
TABLE E2. ACE inhibitor prescriptions in the Marshfield clinic electronic prescribing system

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Y1995 205 247 254 244 268 229 209 250 225 247 244 235
Y1996 2901 292 259 275 284 252 262 265 281 288 281 304
Y1997 317 294 344 364 317 296 305 290 339 372 331 355
Y1998 360 365 395 395 363 404 386 361 408 430 405 440
Y1999 431 430 535 472 457 447 444 437 459 464 514 501
Y2000 475 496 530 521 541 494 471 534 455 542 526 544
Y2001 565 537 581 587 636 586 587 632 586 690 607 623
Y2002 682 599 635 691 679 594 661 659 634 692 632 675
Y2003 695 644 671 684 690 687 700 623 733 763 684 744
Y2004 796 715 818 872 803 881 812 871 953 1021 1128 1126
Y2005 1163 1194 1310 1396 1503 1462 1364 1478 1453 1597 1532 1653
Y2006 1668 1588 1648 1714 1882 1789 1641 1830 1761 1973 1865 1821
Y2007 1984 1794 1984 2092 2090 2046 1919 1811 1895 2167 1983 1941
Y2008 1876 974 994 1034 1024 997 1015 978 984 1087 937 1062
Y2009 1052 999 1090 1102 1097 1104 1064 1033 1073 1069 1019 1016

Values are numbers of ACE inhibitor prescriptions.
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TABLE E3. ONTARGET population at risk

STRAKA ET AL 6.e3

City Region No. of patients Mean follow-up (y) No. of patient years
Montreal Canada 36 4.73 170
London Canada 21 4.6 96
Hamilton Canada 52 4.84 251
New Westminster Canada 50 4.8 240
Mississauga Canada 47 4.55 213
Hamilton Canada 26 4.93 128
Saskatoon Canada 50 4.44 222
Fleurimont Canada 41 4.44 181
Toronto Canada 43 4.66 200
Quebec Canada 22 4.28 94
Bronx USA 35 471 164
Oklahoma City USA 44 471 207
Camden USA 33 4.58 151
Augusta USA 12 4.45 53
Concord USA 24 4.67 111
Palm Harbor USA 57 4.83 275
Scarsdale USA 52 4.84 251
Jackson USA 33 4.75 156
Rio Piedras USA 23 4.71 108
Rochester USA 30 5 150
Des Moines USA 95 4.66 442
Epsom, Auckland Australia/NZ 162 4.64 752
Melbourne Australia/NZ 62 4.56 282
Woluwe-Saint-Lambert Belgium 18 4.92 88
Praha 5 Czech Republic 48 443 212
Paris France 24 4.33 103
Murs Erigne France 74 4.33 320
Strasbourg France 35 4.54 158
Ortez France 54 4.59 247
Kunzing Germany 103 4.55 468
Velp The Netherlands 186 4.5 836
Poznan Poland 15 4.19 62
Wegrow Poland 29 4.39 127
Aalborg Denmark 43 4.68 201
Holbak Denmark 85 4.5 382
Slagelse Denmark 36 4.7 169
Helsinki Finland 49 4.55 223
Vantaa Finland 27 5.09 137
Bellville South Africa 48 4.47 214
Johannesburg South Africa 24 4.63 111
George East South Africa 42 4.38 183
Biel/Bienne 9 Switzerland 26 4.58 119
Lugano Switzerland 46 4.71 216
Manchester UK 36 4.32 155
Leicester UK 43 4.51 193
Brighton UK 54 4.74 256
Chichester UK 38 4.72 179
Glasgow UK 29 4.67 135

NZ, New Zealand; UK, United Kingdom; USA, United States of America.
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TABLE E4. Distributions of demographics between pollen season and off season for angioedema cases in the Nashville cohort

Tree pollen Grass pollen Ragweed pollen Total pollen
Pollen S, Off S, P Pollen S, Off S, P Pollen S, Off S, P Pollen S, Off S, P

No. % (no.) % (no.) value* % (no.) % (no.) value* % (no.) % (no.) value* % (no.) % (no.) value*

Sex 109 464 456 432 741
Female 62 (24) 54 (38) 52 (17) 59 (45) 44 (4) 58 (58) 58 (31) 55@31)
Male 38 (15) 46 (32) 48 (16) 41 (31) 56 (5) 42 (42) 42 (22) 45 (25)

Race 109 114 .56 .841 409
African American 49 (19) 64 (45) 55 (18) 61 (46) 56 (5) 59 (59) 55 (29) 62 (35)
Other 51 (200 36 (25) 45 (15) 39 (30) 44 (4) 41 (41) 45 (24) 38 (21)

Smoker 108 533 .656 813 .749
Yes 55 (21) 61 43) 62 (20) 58 (44) 56 (5) 60 (59) 58 (30) 61 (34)
No 45 (17) 39 (27) 38 (12) 42 (32) 44 (4) 40 (40) 42 (22) 39 (22)

Diabetes 108 .653 674 .104 276
Yes 34 (13) 30 (21) 34 (11) 30 (23) 56 (5) 29 (29) 37.(19) 27 (15)
No 66 (25) 70 (49) 66 (21) 70 (53) 44 (4) 71 (70) 63 (33) 73 (41)

S, Season.
*Determined by Pearson’s ¥? test on independence between pollen season and demographics.
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