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Epidemiology of ACE Inhibitor Angioedema
Utilizing a Large Electronic Health Record
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What is already known about this topic? Angiotensin-converting enzyme inhibitors (ACEIs) are associated with
angioedema usually presenting with swelling of the face and/or tongue. Overall incidence of angioedema related to ACEIs
is between 0.1% and 0.7%.

What does this article add to our knowledge? The incidence of ACEI angioedema within a large electronic health
record is consistent with large clinical trial data. We found a 0.07% incidence of ACEI angioedema within 1 month of
initiation and observed a persistent and relatively constant risk annually.

How does this study impact current management guidelines? ACEIs are associated with angioedema, cough, and
bronchospasm/wheezing early in therapy, but our data suggest that ACEIs should be considered causative of angioe-
dema, cough, and bronchospasm/wheezing even after years of uneventful therapy.
BACKGROUND: Angiotensin-converting enzyme inhibitors
(ACEIs) are a common cause of drug-induced angioedema in the
United States. Most epidemiologic ACEI angioedema data are
from large multicenter clinical trials.
OBJECTIVE: The objective of this study was to identify the
incidence of and risk factors for ACEI angioedema using a large
integrated electronic health record (EHR).
METHODS: We conducted a retrospective cohort study of all
ACEI prescriptions in the outpatient setting of a large academic
center between January 1, 2000, and September 30, 2008. We
determined frequency, timing, and risk factors for ACEI
angioedema within 5 years of prescription. All data were derived
from EHR sources, with angioedema defined by EHR reactions
of angioedema, swelling, edema, or lip, eye, face, tongue, throat
or mouth swelling.
RESULTS: Among 134,945 patients prescribed an ACEI,
0.7% (n [ 888) developed angioedema during the subsequent
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5 years. Sex was similar but patients who developed ACEI
angioedema were younger (61.5 vs 62.7 years, P [ .007).
Patients with ACEI angioedema were more likely to have a
history of nonsteroidal anti-inflammatory drug allergy
compared with patients who did not develop angioedema
(7.1% vs 4.2%, P < .001). We identified a 0.07% incidence of
ACEI angioedema within 1 month of prescription and a 0.23%
incidence during the first year. Incidence of angioedema was
relatively constant annually over the subsequent 4 years
(0.10% to 0.12%).
CONCLUSIONS: The incidence of ACEI angioedema within a
large EHR is consistent with large clinical trial data. We
observed a persistent and relatively constant annual risk;
however, angioedema risk factors and underlying genetic and
pathophysiological mechanisms require further study. � 2017
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2017;-:---)
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Angiotensin-converting enzyme inhibitors (ACEIs) are the
leading cause of drug-induced angioedema in the United States.
Approximately 35% of all prescriptions written for antihyper-
tensive medications in the United States are for ACEIs and there
are more than 40 million patients taking these agents.1,2 It is
estimated that there are more than 100,000 emergency depart-
ment visits for angioedema in the United States each year,3 and
ACEI angioedema accounts for 20% to 40% of these visits.4-6

ACEI-associated angioedema is the most common cause of
angioedema seen in the emergency department4 and a very
frequent cause seen in our experience on the inpatient allergy
consult service.7 Understanding the epidemiology and risk
factors for ACEI-associated angioedema is important to
managing any patient being prescribed an ACEI because it is
associated with a high morbidity (intubation, intensive care
1
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Abbreviations used

ACEI- A
ngiotensin-converting enzyme inhibitor

HER- E
lectronic health record

IQR- In
terquartile range
NSAID- N
onsteroidal anti-inflammatory drug
unit admissions, and hospitalizations) and fatal reactions have
been reported.8,9

Overall incidence of angioedema related to ACEIs is reported
in the literature to be between 0.1% and 0.7%.2,10 However,
most of these epidemiologic data on ACEI-associated angioe-
dema are from multicenter clinical trials. Although angioedema is
described during the first week of exposure in more than half of
cases, it can occur any time during the course of therapy.11-13 A
large retrospective study found that two-thirds of ACEI-
associated angioedema episodes occur within the first 3 months
of therapy,11 whereas case reports have documented angioedema
episodes that began after years of stable therapy.14,15 A better
understanding of when angioedema can occur from ACEIs is
needed to guide patient care.

We performed a retrospective study that aimed to estimate the
timing and incidence of ACEI-associated angioedema using a
large, integrated electronic health record (EHR) dataset.

METHODS

Study design and population
We conducted a large retrospective cohort study using the

Partners HealthCare EHR to estimate the epidemiology and
incidence of angioedema to ACEIs. The study population included
all patients prescribed at least one ACEI between January 1, 2000,
and September 30, 2008, at any outpatient clinic associated with
Partners HealthCare System (PHS), an integrated health care
system based in Boston, Massachusetts. However, PHS provides
medical care to more than a third of patients in the greater Boston
area, in both tertiary care academic medical centers and community
settings.

Prescription data were obtained from the longitudinal medical
record, the outpatient EHR system used by providers affiliated with
PHS. Age, sex, and self-reported race were identified by EHR de-
mographic tables. For patients prescribed multiple ACEIs, the age at
first prescription was used. Comorbidities or indications for the use
of an ACEI (coronary artery disease, hypertension, congestive heart
failure, and proteinuria/nephrotic syndrome) were identified using
problems recorded in the EHR “Problem List” within 30 days of
ACEI prescription (before or after). Concomitant medications
(antibiotics, opiates, aspirin, and nonsteroidal anti-inflammatory
drugs [NSAIDs]) were extracted from the EHR medication list.
We defined a concomitant medication as any medication prescribed
before either the date of angioedema documentation or within 5
years of ACEI prescription if angioedema did not occur.
Similarly, we extracted drug allergies from the patient’s allergy
list, considering allergies entered before the development of
ACEI-associated angioedema or within 5 years of the ACEI
prescription.

The primary outcome was angioedema documented in the
patient’s allergy list in association with any previously prescribed
ACEI. Angioedema was defined by any reported reaction of
edema, angioedema, or any type of swelling, except joint swelling,
hand swelling, or fluid retention. Other immunologic and adverse
reactions were similarly assessed, including cough, hyperkalemia,
bronchospasm/wheezing, hives or other rash, renal toxicity,
gastrointestinal upset, dizziness, and headaches. For free-text
entries (approximately 6%), informatician investigators (KHL,
LZ) mapped free text to coded reactions using a semiautomated
approach. Using a sample of entries, we manually created
mappings between free-text and coded reactions. For example, the
free-text reactions “angioedema,” “angiodema,” “face swelling,”
and so on were mapped to the coded reaction “Angioedema.” All
reaction forms manually mapped to angioedema were then
identified in this dataset through automated searching and string
matching.

We studied incidence of angioedema, analyzing the entire
population and children (aged 0-17 years) separately. We assessed
time to the development of angioedema within the first 5 years after
prescription of the ACEI.

Statistical analyses

For frequency data, we reported risk ratios with 95% confidence
intervals, whereas for continuous data, we reported medians with
interquartile ranges (IQR). We compared continuous data using the
Wilcoxon rank sum test and compared frequencies using a c2 test.
Races were collapsed into binary variables for individual racial/ethnic
comparisons. Statistical analysis was conducted using SAS version
9.4 (Cary, NC). We used 2-sided P values (with P < .05 being
significant). This study was approved by the Partners Institutional
Review Board.
RESULTS

Epidemiology of ACEI-associated angioedema

There were 134,945 patients prescribed an ACEI between
January 1, 2000, and September 30, 2008. ACEI prescriptions
included lisinopril (84.4%), enalapril (5.7%), quinapril (3.9%),
captopril (2.5%), benazepril (2.3%), and other generic ACEIs
(5.5%). Angioedema was identified in 0.7% (n ¼ 888) patients
during the subsequent 5 years. There were 288 children pre-
scribed ACEIs. None of these children developed ACEI
angioedema during the subsequent 5 years. In children, the most
frequently prescribed ACEIs were enalapril (47.6%), lisinopril
(38.1%), and captopril (13.0%).

Timing of ACEI-associated angioedema

Among 888 patients who developed ACEI-associated
angioedema, 10.2% (n ¼ 91) developed angioedema within 30
days, including 4.3% (n ¼ 38) within 7 days, 6.8% (n ¼ 60)
within 14 days, and 8.2% (n ¼ 73) within 21 days (see
Figure 1).

We identified a 0.07% incidence of ACEI angioedema within
1 month of initiation and a 0.23% incidence during the first
year. Incidence of angioedema was relatively constant over the
subsequent 4 years (0.10% to 0.12%).

Patient characteristics
Patients who developed ACEI-associated angioedema were

slightly younger (61.5 vs 62.7 years, P ¼ .007), but sex was
similar (48.9% vs 51.1% male, P ¼ .21) to patients who did not
develop ACEI angioedema (see Table I). Black (19.6% vs 5.9%,
P � .001) and Hispanic (6.8% vs 5.1%, P ¼ .03) races were
significantly higher in patients who developed ACEI-associated
angioedema compared with patients who did not. All
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FIGURE 1. Timing of reactions to angiotensin-converting enzyme inhibitors documented in electronic health records.
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TABLE I. Characteristics of patients prescribed ACEIs from January 1, 2000, to September 30, 2008 (N ¼ 134,945)

Angioedema (n [ 888) No angioedema (n [ 134,057) P value

Demographics

Age, median (IQR)* 61.5 (52.2-71.2) 62.7 (52.6-74.0) .007

Male gender, n (%) 435 (48.9) 68,520 (51.1) .21

Race, n (%)

Asian 20 (2.2) 2,281 (1.7) .21

Black 174 (19.6) 7,945 (5.9) <.001

Hispanic 60 (6.8) 6,888 (5.1) .03

White 585 (65.9) 101,675 (75.8) <.001

Other 8 (0.9) 1,596 (1.2) .43

Unknown 41 (4.6) 13,672 (10.2) <.001

Comorbidities/indication†, n (%)

Coronary artery disease 28 (3.2) 5,993 (4.5) .06

Hypertension 240 (27.0) 39,403 (29.4) .12

Congestive heart failure 5 (0.6) 1,787 (1.3) .053

Proteinuria/nephrotic syndrome 3 (0.3) 436 (0.3) .95

Concomitant NSAID usez 299 (33.7) 66,092 (49.3) <.001

Other drug allergies reported, n (%)

NSAID allergyx 63 (7.1) 5,663 (4.2) <.001

Total number of drug allergies, median (IQR)x 1 (1, 2.5) 0 (0, 1) <.001

Specific drug listed as a causative agent, n (%)k
Benazepril/Lotensin 27 (3.0) 3,021 (2.2) .12

Captopril/Capoten 12 (1.4) 3,335 (2.5) .03

Enalapril/Vasotec 38 (4.3) 7,589 (5.7) .08

Fosinopril/Monopril 5 (0.6) 1,263 (0.9) .25

Lisinopril/Prinivil/Zestril 774 (87.2) 113,095 (84.4) .02

Moexipril/Univasc 3 (0.3) 1,826 (1.4) .02

Perindopril/Aceon/Coversyl 1 (0.1) 61 (0.05) .37

Quinapril/Accupril 23 (2.6) 5,226 (3.9) .05

Ramipril/Altace 10 (1.1) 2,800 (2.1) .05

Trandolapril/Mavik 5 (0.6) 1,459 (1.1) .14

ACEI, Angiotensin-converting enzyme inhibitor; IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug.
*Used age at the time of the first prescription.
†Problem list, within 30 d before or after prescription.
zMedication list specifies the use of an NSAID before entry of angioedema as allergy, or within 5 y if no angioedema reported.
xBefore entry of angioedema as allergy, or within 5 y if no angioedema reported.
kMore than one ACEI could have been associated with angioedema.

TABLE II. Frequency of reported reactions to ACEIs

Reaction reported to an ACEI Number (%) (n [ 134,945)

Cough 7159 (5.3)

Angioedema 888 (0.7)

Hyperkalemia 580 (0.4)

Bronchospasm or wheezing 424 (0.3)

Hives or other rash 340 (0.3)

Renal toxicity 221 (0.2)

Gastrointestinal upset 152 (0.1)

Dizziness 135 (0.1)

Headaches 78 (0.1)

ACEI, Angiotensin-converting enzyme inhibitor.
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indications for ACEI prescriptions were not different between
groups.

Patients with ACEI-associated angioedema had a higher rate
of a history of NSAID allergy (7.1% vs 4.2%, P < .001)
and total number of drug allergies (median [IQR]: 1 [1, 2.5] vs
0 [0, 1], P < .001), with less frequent concomitant NSAID use
(33.7% vs 49.3%, P < .001) compared with patients who did
not develop ACEI angioedema. Patients with NSAID allergy
(1.1% vs 0.6%, P < .001) were more likely to develop ACEI
angioedema than those without.

ACEI-associated reactions
Cough was the most commonly reported reaction to ACEIs

(5.3%), followed by angioedema (0.7%), hyperkalemia (0.4%),
and bronchospasm/wheezing (0.3%) (see Table II). We identi-
fied a 0.5% incidence of cough and 0.04% incidence of bron-
chospasm/wheezing within 1 month of initiation. Among
patients who developed ACEI-associated cough, 10.1% devel-
oped symptoms within 1 month, 56.1% within 1 year, and
71.9% within 2 years (see Figure 1). Among patients who
developed ACEI-associated bronchospasm/wheezing, 12.3%
developed symptoms within 1 month, 61.8% within 1 year, and
77.6% within 2 years.
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DISCUSSION

The incidence of ACEI-associated angioedema within a large
EHR is consistent with data from large clinical trials. Among
134,945 patients prescribed an ACEI, 0.7% (n ¼ 888) devel-
oped angioedema during the subsequent 5 years, similar to rates
reported in the literature between 0.1% and 0.7%.2,10 The
literature suggests that the interval between onset of angioedema
and initiation of ACEI treatment is generally days to weeks and
occasionally years later.16 Prior reports described 47% to 72% of
patients with ACEI-associated angioedema presenting within the
first week of treatment.17 However, other more recent reports
found that less than 25% of patients who developed angioedema
showed symptoms within 1 month of starting ACEI therapy.13

Interestingly, we found that around 10% of patients who
develop angioedema do so within the first month, but at an
annual rate that was similar every year after the first year of an
ACEI prescription. These data support the recent literature and
emphasize the importance of considering an ACEI as the cause of
angioedema early into therapy, but also demonstrate that ACEI-
associated angioedema should be considered even after years of
uneventful ACEI therapy.

Risk factors associated with ACEI-associated angioedema have
been reported in the literature, including black race18,19 and
female sex.20 Diabetes and obesity have been shown to increase
severity of angioedema events.21 Our data did not show gender
as a risk factor, but did suggest that patients who developed
ACEI angioedema were more likely to be younger as well as black
or Hispanic. Hispanic race has been previously reported as a
general risk factor for angioedema.22,23 Reasons for these findings
are not clear but could be related to genetic polymorphisms.
Three prior studies identified a gene region (XPNPEP2) associ-
ated with ACEI-associated angioedema,23 but this was not spe-
cifically evaluated in large populations comparing different races.
Data on the use of ACEIs and the frequency of ACEI-associated
angioedema in the pediatric population are limited. In our study,
we identified 288 children who were prescribed an ACEI. At an
overall incidence of 0.7% over 5 years, we would have expected
to see 2 children with ACEI-associated angioedema, but the
number of children in our study is arguably small. Further study
of risk factors and the underlying genetics and pathophysiology
including in the pediatric population is still needed.

Patients who developed ACEI-associated angioedema were
more likely to have a history of an NSAID allergy and other drug
allergy in our study. Similar findings have been reported by
others24 and seen in our prior work implicating the addition of
aspirin/NSAIDs or mast cell degranulators as contributing
factors.7 However, the mechanisms for this remain unclear.
NSAIDs can cause angioedema by either immunological (IgE-
mediated) or nonimmunological reactions, where the latter are
due to increased leukotriene production from inhibition of
cyclooxygenase.25 It is also possible that the angioedema is
mistakenly attributed to the ACEI in patients on both NSAIDs
and ACEIs or vice versa. Previous case reports have also impli-
cated dental surgery, local anesthetics, and interruption of ACEI
therapy as possible triggers for angioedema but were not evalu-
ated in this analysis and the pathophysiology was not been re-
ported.26-31 In addition, to our knowledge, there are no data to
suggest differences between ACEIs themselves, such as whether
one ACEI is a higher risk for causing angioedema compared with
another ACEI. However, this is certainly possible and would
need to be studied further. It is clear that continued ACEI
therapy after an episode of presumed ACEI-associated angioe-
dema is associated with much higher rates of recurrent angioe-
dema compared with new ACEI users and patients who
discontinue ACEI use.14,32

Cough is a frequently reported side effect from ACEIs that
leads to discontinuation. Although cough can develop within a
few days to weeks after initiation, our study showed that patients
frequently develop symptoms of cough after the first month of
using an ACEI. This was similarly seen with other symptoms
including bronchospasm/wheezing. These data have not been
well described previously and are critically important to highlight
to physicians prescribing ACEIs and monitoring patients on
longer term ACEI therapy. The ACEI as a cause of cough and
wheezing/bronchospasm, even without angioedema, should be
considered even after years of uneventful ACEI therapy.

There were several limitations in our study. First, allergy data
are not validated and could be patient reported or clinician
observed. Also, ACEI angioedema is frequently a diagnosis of
exclusion with no diagnostic testing available to confirm true
allergy. Lab testing is a typical part of the clinical evaluation used
to exclude other causes of angioedema. However, we did not
ensure that labs were sent or other diagnoses were ruled out.
There were 4 of 888 patients who were prescribed another ACEI
after their angioedema was reported and none developed
angioedema subsequently. In addition, retrospective EHR data
were used and input of angioedema into the patient record could
have occurred significantly later than the timing of the first
angioedema episode. We evaluated risk factors in univariate
analysis only; more comprehensive and adjusted analyses of risk
factors for ACEI-associated angioedema are needed. Lastly, data
were obtained from a large academic medical center with a
referral population that is likely to be different from a rural
hospital or outpatient clinic setting.

The incidence of ACEI-associated angioedema within a large
EHR is consistent with large clinical trial data. We observed a
persistent and relatively constant risk annually, which is impor-
tant for physicians and patients to understand. Similarly, cough
and other symptoms such as bronchospasm/wheezing associated
with ACEIs can occur even after the first few months of stable
ACEI use. ACEI angioedema is a diagnosis made clinically and
there are no laboratory studies that establish the diagnosis.
Therefore, it is even more important to understand the risk
factors for ACEI-associated angioedema to decrease morbidity
and improve care.
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