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AIM
The aim of the present study was to describe the occurrence and determinants of angiotensin-converting enzyme (ACE) inhibitor
(ACEI) intolerance and angioedema (AE) among patients initiating ACEI therapy in a real-world primary care population.

METHODS
Two nested case–control studies were conducted in a cohort of 276 977 patients aged ≥45 years initiating ACEIs from 2007 to
2014 in the UK Clinical Practice Research Datalink (CPRD). Cases of AE occurring for the first time during ACEI therapy (n = 416)
were matched with AE-free controls (n = 4335) on the duration of ACEI treatment. Documented switches to angiotensin-II re-
ceptor blockers in the prescription records were used to identify ACEI-intolerance cases (n = 24 709), and these were matched
with continuous ACEI users (n = 84 238) on the duration of ACEI therapy. Conditional logistic regression was used to assess the
associations of demographic factors, comorbidities and comedication with AE and ACEI intolerance.

RESULTS
AE during ACEI therapy was associated with age over 65 years [odds ratio (OR) 1.36, 95% confidence interval (CI) 1.07, 1.73],
history of allergy (OR 1.53, 95%CI 1.19, 1.96), use of calcium channel blockers (OR 1.57, 95%CI 1.23; 2.01), use of antihistamines
(OR 21.25, 95% CI 16.44, 27.46) and use of systemic corticosteroids (OR 4.52, 95% CI 3.26, 6.27). ACEI intolerance was
significantly associated with more comorbidities and comedication compared with AE, including allergy (OR 2.02, 95% CI 1.96,
2.09), use of antiasthmatic drugs (OR 1.51, 95% CI 1.42, 1.61) and use of antihistamines (OR 1.53, 95% CI 1.43, 1.63).
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CONCLUSIONS
Among ACEI users developing AE or ACEI intolerance, several comorbidities and comedication classes were significantly more
prevalent compared with ACEI users not developing these adverse reactions.

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Angioedema (AE) and dry cough due to angiotensin-converting enzymes (ACEIs) often result in the discontinuation of
ACEI treatment. Knowledge of potential risk factors could be helpful in identifying patients more likely to develop these
adverse reactions and assist in prescribing decisions. Previous studies identified a number of risk factors, including, for
instance, female gender, ethnicity and older age.

WHAT THIS STUDY ADDS
• We investigated whether history of chronic disease and comedication use were associated with ACEI intolerance
(defined by switching to angiotensin II receptor blockers (ARBs) in prescription records) and AE during ACEI
therapy in two explorative case–control studies.

• We found that age over 65 years, history of allergy and prescriptions for calcium channel blockers, antihistamines and
systemic corticosteroids were more prevalent in ACEI users developing AE than in AE-free ACEI users.

• The number of observed associations with comorbidities and comedication was higher in those developing ACEI
intolerance than in those developing AE. A history of allergy, and the use of antihistamines, antiasthmatic drugs and
calcium channel blockers were more frequent in switchers to ARBs compared with continuous ACEI users. A history of
diabetes or chronic obstructive pulmonary disease, and use of statins were less prevalent among switchers to ARBs.

Tables of links

TARGETS

Enzymes [2] G protein-coupled receptors [3]

ACE1, angiotensin converting
enzyme

AT1 receptor

LIGANDS

Captopril Lisinopril

Cilazapril Perindopril

Enalapril Quinapril

Fosinopril Ramipril

Imidapril Trandolapril

These Tables list key protein targets and ligands in this article that are hyperlinked to corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [1], and are permanently archived in the Concise Guide to PHARMACOLOGY
2015/16 [2, 3].

Introduction
Angiotensin-converting enzyme inhibitors (ACEIs) are
among the most commonly prescribed antihypertensive
agents to date used for hypertension, heart failure, diabetic
nephropathy and secondary prevention following a myocar-
dial infarction (MI). The estimated number of ACEI prescrip-
tions has substantially increased over the past few years,
from 35–40 million worldwide in 2001 to approximately
160 million in 2011 in the USA alone [4, 5]. In the UK,
ramipril is the leading drug amongmedications for hyperten-
sion and heart failure, with almost 26 million prescriptions
dispensed in 2014, which shows an increase of 17 million
prescriptions since 2004 [6].

ACEIs have been proven to reduce all-cause mortality in
patients with hypertension, as well as major cardiovascular
(CV) events, and all-cause and CV mortality in patients with
diabetes mellitus (DM) [7, 8]. A beneficial effect of ACEIs on
the risk of subsequent CV events and mortality was also
found in secondary prevention after MI [9]. However,
according to observational studies, 19–30% of patients initi-
ating ACEIs discontinue treatment owing to adverse effects

[10, 11]. One of the most common adverse effects of ACEIs
is a persistent dry cough, described in 9.9–35% of the patients
in randomized clinical trials [12, 13]. A far more uncommon,
but potentially life-threatening adverse effect of ACEIs is
angioedema (AE) of the head and neck region and the viscera.
In randomized clinical trials, the incidence of ACEI-induced
AE was estimated to be 0.3–0.7% [14]. In emergency care,
ACEI-induced AE of the larynx accounts for a third of all
hospitalizations for AE [4, 15, 16].

Most cases of ACEI-induced cough occur early in the
course of treatment, while ACEI-induced AE may develop
either in the first weeks or several years after the start of treat-
ment [4]. Although the exact mechanisms of ACEI-induced
AE and cough are not known, they have been proposed to
be similar, and to involve a reduction in the catabolism of
vasoactive substances (bradykinin and substance P) as a result
of ACE inhibition [17]. Furthermore, ACEI-induced AE and
cough share some similar clinical predictors [18]. For
instance, ethnical origin is an important risk factor, with
African American patients having an almost threefold higher
risk for ACEI-induced AE and East Asians being at a higher risk
for ACEI-induced cough [19, 20].
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Some of the previous studies on predictors of ACEI-related
adverse effects were limited by a relatively small sample size
and an incomplete registering of adverse effects outside
randomized clinical trials. One way of enabling this limita-
tion to be bypassed is to use a large patient database and to
ascertain a drug prescribing pattern indicative of adverse drug
reactions (ADRs). Generally, ACEI-intolerant patients are ad-
vised to avoid ACEIs, and frequently switch to angiotensin-
II receptor blockers (ARBs) [12, 21]. A recent study found that
approximately half of patients with ACEI-induced cough
discontinued ACEIs and switched to ARBs [22]. The decision
to use ARBs in patients with a history of ACEI-induced AE
should be weighed against the therapeutic need for angioten-
sin inhibition in each patient because a risk of recurrent AE
while on ARBs remains [23, 24]. An analysis of medical
records identified a prescription pattern reflecting ACEI intol-
erance in a Dutch population [22]. Switching to ARBs within
a 6-month interval from the end of an ACEI prescription in
the latter study was an indicator for definitive ACEI-related
adverse events, with a positive predictive value (PPV) of
56.1% [22]. The PPV for the combined probable and defini-
tive ACEI-related adverse effects was 68.3%, and combined
for possible, probable and definitive adverse effects it was
90.5%.

Given the increasing utilization of ACEIs, the purpose
of the present study was, firstly, to describe the occurrence
of AE and ACEI intolerance, defined by a switch to ARBs,
among primary care patients newly treated with ACEIs.
Secondly, we assessed the associated demographic factors,
comorbidities and comedications to gain more insight into
patient groups more likely to experience ACEI-related
adverse reactions.

Methods

Data source
Data for the present study were obtained from the UKClinical
Practice Research Datalink (CPRD), an anonymized database
containing approximately 12 million complete electronic
medical records from over 600 participating general practices
across the UK [25]. Primary care diagnoses, prescriptions,
laboratory test results, referrals, patient demographics and
lifestyle information are recorded in the CPRD using a hierar-
chical clinical coding system (read codes) [26]. Hospital
diagnoses are available for a subgroup of patients and are
coded according to the International Classification of
Diseases (ICD-10). Validity and a complete description of
available CPRD data have been reported elsewhere [25, 26].
The protocol for the present study was reviewed and
approved by the independent scientific advisory committee
(ISAC) of CPRD (protocol number: 14_030R).

Study design and population
As a source population, we identified all new users of ACEIs of
45 years of age or older, registered between 1 January 2007
and 1 January 2014 in the CPRD. The date of the first ACEI
prescription within this time period was considered as the
cohort entry date. A new ACEI user was defined as a subject
without ACEI prescription records in the CPRD prior to the

cohort entry date. All included ACEI users had at least
12 months of valid prescription history available before the
start of ACEI use. To identify patients with AE and switching
to ARBs during follow-up, subjects were followed until the
end of the study, death or moving out of the practice area,
whichever came first.

Within the cohort of new ACEI users, we conducted two
retrospective nested case–control studies to identify determi-
nants of the occurrence of AE during ACEI therapy and on
switching to ARBs, as a proxy for an ACEI-induced adverse
reaction. In the AE study, the index date was defined by the
AE diagnosis date. For ACEI intolerance, the date of switching
to ARBs was considered as the index date.

The first ever registered AE episode among ACEI users was
assumed to be an ACEI-related AE, if the AE diagnosis was
entered into the CPRD at any time during ACEI therapy or
within a maximum of 3 months after expiration of the last
ACEI prescription. Thus, AE cases were individuals in whom
AE occurred for the first time during ACEI therapy. Individ-
uals who had a diagnosis of AE at any time while not receiv-
ing ACEI therapy were excluded. Cases had no AE records,
either before the start or after discontinuation of ACEI treat-
ment. An individual also became a case if multiple episodes
of AE had occurred while on ACEI therapy, but only the first
AE during ACEI therapy was considered as an event. For each
case, up to 20 controls were selected from new ACEI users
who did not have a diagnosis of AE in CPRD records. Controls
were ACEI users at the time of AE of the corresponding cases,
and were matched to cases on the duration of ACEI therapy.
Cases were excluded if no matching controls were available
in the cohort.

ACEI-intolerant cases were defined by the switching
from ACEIs to ARBs in the prescription records, allowing
a 6-month interval between the theoretical last use of
ACEIs and the start of ARBs, as described previously [22].
ACEI users continuously filling ACEI prescriptions, without
discontinuing ACEIs or switching to another antihyperten-
sive drug at the index date of the relevant case, were selected
as controls. For each case of ACEI intolerance, up to four
controls were sampled. Controls were matched to cases on
the duration of ACEI treatment at the index date.

Information on general practitioner-prescribed medica-
tions was extracted using appropriate British National
Formulary medicine codes. The theoretical duration of an
ACEI prescription was calculated as a ratio between the
quantity of medication and the defined daily dose, estimated
according to the World Health Organization. The duration of
ACEI treatment was defined as the time between the start of
the first ACEI prescription until the end of the last ACEI pre-
scription, allowing a gap of less than 6 months between two
consecutive ACEI prescriptions. Discontinuation of ACEI
therapy was defined as the absence of a new ACEI prescrip-
tion record for at least 6 months after the theoretical end date
of the last ACEI prescription.

Determinants
As possible determinants of AE during ACEI therapy and a
switch to ARBs, we considered gender, age over 65 years at
the index date, the use of comedication and medical history
of chronic comorbidities. The use of comedication, including

Determinants of ACEI intolerance and ACEI-induced angioedema in the CPRD

Br J Clin Pharmacol (2016) 82 1647–1659 1649

 13652125, 2016, 6, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1111/bcp.13090 by U

trecht U
niversity L

ibrary, W
iley O

nline L
ibrary on [05/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



antidiabetic drugs, antihistamines, antiasthmatic medica-
tions, nonsteroidal anti-inflammatory drugs (NSAIDs), sys-
temic corticosteroids, calcium channel blockers and statins,
was assessed by any prescription record within a 3-month time
window before the index date, regardless of the duration of that
prescription. Therefore, drugs for which the theoretical end date
of the previous prescription would occur in this time window
were not included in the analysis. We did not discriminate
between various product names, but rather investigated the
association between different classes of comedication and AE
or ACEI intolerance. Exposure to each comedication class was
included in the models as a dichotomous variable (use vs. no
use). The history of comorbidities, including asthma, allergy,
chronic obstructive pulmonary disease (COPD), DM and rheu-
matoid arthritis (RA), was retrieved from medical records using
read codes any time before the index date. Drug prescriptions
were not used to classify individuals on disease status when as-
certaining comorbidities. Additionally, the occurrence of any
type of cough within 3months before the AE date was included
in the analyses.

For descriptive purposes, the demographic characteristics
of the study population were determined on the cohort entry
date. Information on lifestyle factors was not available for
multiple subjects at the cohort entry date; therefore, the
most recent recording of body mass index (BMI) was
retrieved within a time interval of 365 days on either side
of the cohort entry date. When assessing baseline charac-
teristics of study populations, we selected records of alco-
hol consumption and smoking closest to the index date
from those entered into the CPRD at any stage before the
index date. In association analyses we only considered
the presence or the absence of information regarding
smoking status in the CPRD at any stage before the index
date. The indication for ACEI therapy was obtained from
medical records any time before the cohort entry date or
at any time within 1 year after this date.

Statistical analyses
The results are presented as means and standard deviations
for continuous variables, and as proportions for categorical
variables. Differences in baseline characteristics between
cases and controls were assessed using Student’s t-test for
continuous variables and using the chi-squared test for
categorical variables. Kaplan–Meier curves were constructed
to estimate the time to AE and switching to ARBs. Odds ratios
and 95% confidence intervals for the association of AE and
switching to ARBs with age, gender, smoking, comorbidities
and comedication were estimated by univariate logistic re-
gression. The analyses with comorbidities and comedications
were further adjusted for age and gender. Subsequently, for-
ward stepwise multivariable logistic regression was per-
formed, including all determinants significantly (P < 0.05)
associated with the outcomes in univariate analyses. Addi-
tionally, a stratified analysis was performed to compare the
occurrence of AE and ACEI intolerance, depending on the
type of ACEI. A two-sided P-value of less than 0.05 was
considered statistically significant. Data analyses were
performed IBM SPSS for Windows, version 23.0 (IBM SPSS
Statistics for Windows Version 23.0. IBM Corporation,
Armonk, NY, USA).

Results
The cohort comprised 276 977 ACEI users aged 45 years or
older initiating ACEI therapy between 2007 and 2014.
Among these individuals, we identified 416 cases of AE
occurring for the first time during ACEI therapy and
matched them with 4335 controls. We determined that
24 709 individuals switched to ARBs within 6 months of
the end of the last ACEI prescription. Switchers to ARBs
were matched with 84 238 continuous ACEI users, after
excluding those who stopped ACEI therapy or switched to
another antihypertensive drug.

Clinical characteristics of the study populations are pre-
sented in Table 1. The proportion of womenwas statistically sig-
nificantly higher among the switchers compared with the
continuous ACEI users (58.6% vs. 45.5%). Hypertension as the
only indication for ACEI therapy was used most frequently (ap-
proximately 60% in cases and controls of each study). About
20% of study participants in the AE study and 18% of partici-
pants in the ACEI intolerance study had more than one indica-
tion. Myocardial infarction, renal disease and heart failure as
isolated indications were used much less frequently. The most
frequent ACEI prescribed was ramipril, followed by lisinopril,
perindopril and enalapril. There were no major differences in
the frequency of use of these ACEI’s between cases and controls
(Table 1). Figure 1 depicts the time to AE and switching to ARBs
among ACEI users. The mean time to AE was 76.7 months,
while the mean time to switching to ARBs was 71.6 months.
There were no statistically significant differences in the occur-
rence of AE and switching to ARBs in the analyses stratified by
type of ACEI (see Tables S3 and S4).

Crude and adjusted ORs for the association of comorbidi-
ties and comedications with AE during ACEI therapy and
ACEI intolerance are provided in Table 2 and Table 3. Over-
all, univariate analyses yielded similar associations for AE
and switching to ARB. Age over 65 years at index date
was statistically significantly associated with an increased
risk of both AE and ACEI intolerance in univariate models
[odds ratio (OR) 1.51, 95% confidence interval (CI) 1.23,
1.86; OR 1.15, 95% CI 1.12, 1.18]. Female gender was not
associated with AE (OR 1.08, 95% CI 0.88, 1.32) but was as-
sociated with an increased risk of ACEI intolerance (OR
1.70, 95% CI 1.65, 1.75). History of asthma and allergy
were associated with both AE and ACEI intolerance (OR
1.83, 95% CI 1.42, 2.37; OR 1.21, 95% CI 1.17, 1.27 for
asthma and OR 2.03, 95% CI 1.64, 2.52; OR 2.17, 95% CI
2.10, 2.23 for allergy, respectively). History of COPD ap-
peared to increase the risk of AE (OR 2.08, 95% CI 1.52,
2.85) but not of ACEI intolerance (OR 0.91, 95% CI 0.85,
0.97). Patients with DM had a lower risk of AE and ACEI in-
tolerance (OR 0.73, 95% CI 0.54, 0.98 and OR 0.77, 95% CI
0.74, 0.80, respectively). The proportion of patients with
RA was higher in AE cases than in the controls (OR 2.83,
95% CI 1.69, 4.75).

The strongest associations for AE in univariate models
were found with antihistamines and systemic corticoste-
roids within 3 months before the index date (OR 25.64,
95% CI 20.06, 32.77, and OR 7.15, 95% CI 5.49, 9.32, re-
spectively). These associations were also significant but less
strong in ACEI intolerance (OR 1.85, 95% CI 1.73, 1.97,
and OR 1.33, 95% CI 1.24, 1.43, respectively). Furthermore,
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when these determinants were examined at the cohort en-
try date instead of the index date, the association with AE
remained statistically significant, with an OR of 4.48 (95%
CI 3.41, 5.88) for antihistamines and an OR of 2.90 (95%
CI 2.16, 3.91) for systemic corticosteroids (Tables S1, and

S2). Antidiabetic drugs contributed to a lower risk of both
AE and ACEI intolerance in univariate analyses (Tables S2
and S3). Recent NSAID use was associated with a higher risk
of ACEI intolerance (OR 1.12, 95% CI 1.06, 1.17). We ob-
served a similar effect size for statin use and ACEI

Table 1
Baseline characteristics of study populations (at cohort entry date)

AE cases
(n = 416)

Controls
(n = 4335) P

Switchers to ARBs
(n = 24 709)

Continuous users
of ACEIs (n = 84 238) P

Gender, n (%) 0.472 <0.005

Female 204 (49.0) 2045 (47.2) 14 482 (58.6) 38 297 (45.5)

Male 212 (51.0) 2290 (52.8) 10 227(41.4) 45 941 (54.5)

Age (years), mean ± SD 67.8 ± 11.6 65.6 ± 11.8 <0.005 65.2 ± 11.8 65.7 ± 11.1 <0.005

BMI (kg m–2), mean ± SD 29.3 ± 5.8 29.4 ± 5.8 0.706 29.4 ± 5.9 29.5 ± 5.8 0.001

BMI unknown, n (%) 129 (31.0) 1249 (28.8) 23 482 (27.9) 6963 (28.2)

Alcohol consumption, n (%) 0.335 <0.001

No 86 (20.7) 771 (17.8) 4136 (16.7) 13 857 (16.4)

Yes 296 (71.2) 3210 (74.0) 18 630 (75.4) 62 760 (74.5)

Unknown 34 (8.2) 354 (8.2) 1943 (7.9) 7621 (9.0)

Smoking status, n (%) 0.156 <0.001

No 212 (51.0) 2412 (55.6) 15 292 (61.9) 46 584 (55.3)

Yes 186 (44.7) 1729 (39.9) 8502 (34.4) 34 208 (40.6)

Unknown 18 (4.3) 194 (4.5) 915 (3.7) 3446 (4.1)

Indications for ACEI therapy, n (%) 0.031 <0.005

Heart failure 6 (1.4) 50 (1.2) 319 (1.3) 1244 (1.5)

Hypertension 246 (59.1) 2468 (56.9) 15 160 (61.4) 50 354 (59.8)

Myocardial infarction 18 (4.3) 196 (4.5) 765 (3.1) 3060 (3.6)

Renal disease 17 (4.1) 159 (3.7) 901 (3.6) 2843 (3.4)

More than one of the above 96 (23.1) 866 (20.0) 4492 (18.2) 14 736 (17.5)

Unknown 33 (7.9) 596 (13.7) 3072 (12.4) 12 001 (14.2)

Type of ACEI used, n (%) 0.992 <0.001

Captopril, n (%) 0 (0) 1 (0) 5 (0) 26 (0)

Cilazapril, n (%) 0 (0) 0 (0) 0 (0) 5 (0)

Enalapril, n (%) 9 (2.2) 89 (2.2) 433 (1.8) 1794 (2.1)

Fosinopril, n (%) 0 (0) 1 (0) 2 (0) 7 (0)

Imidapril, n (% 0 (0) 1 (0) 0 (0) 0 (0)

Lisinopril, n (%) 118 (28.0) 1213 (28.4) 6079 (24.6) 19 110 (22.7)

Perindopril, n (%) 56 (13.5) 526 (12.1) 1890 (7.6) 6807 (8.1)

Quinapril, n (%) 0 (0) 1 (0) 4 (0) 26 (0)

Ramipril, n (%) 233 (57.7) 2503 (56.0) 16 280 (65.9) 56 377 (66.9)

Trandolapril, n (%) 0 (0) 0 (0) 16 (0.1) 86 (0.1)

ACEI, angiotensin-converting enzyme inhibitor; AE, angioedema; ARBs, angiotensin II receptor blockers; BMI, body mass index; SD, standard
deviation. Smoking status and alcohol consumption were determined at any stage before the cohort entry date (start of ACEI therapy). BMI was
retrieved within a time interval of 365 days around the cohort entry date. Indications for ACEI therapy were assessed at any time prior to the start of
ACEI. Age was assessed at the date of the first ACEI prescription.
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intolerance (OR 0.84, 95% CI 0.82, 0.87) and AE during
ACEI therapy (OR 0.88, 95% CI 0.72, 1.08), but the associa-
tion was not statistically significant for AE.

To evaluate whether having cough during ACEI therapy
could be predictive of developing ACEI-related AE in our
dataset, we assessed the association of any type of cough
with AE during ACEI therapy. We chose any type of cough
because it was not possible to specify adverse effects, such
as ACEI-induced cough, in the CPRD. Indeed, any type of
cough was associated with AE during ACEI therapy (OR
1.68, 95% CI 1.14, 2.45).

Compared to AE, switching to ARBs was associated with
more risk factors in the forward stepwise multivariable analy-
sis. Age over 65 years (OR 1.36, 95% CI 1.07, 1.73), history of
allergy (OR 1.53, 95% CI 1.19, 1.96), and the use of
antihistamines (OR 21.25, 95% CI 16.44, 27.46), systemic
corticosteroids (OR 4.52, 95% CI 3.26, 6.27) and calcium
channel blockers (OR 1.57, 95% CI 1.23, 2.01) were
associated with AE during ACEI therapy (Table 4). Age over
65 years (OR 1.06, 95% CI 1.03, 1.09), history of allergy
(OR 2.02, 95% CI 1.96, 2.09), and the use of antihistamines
(OR 1.53, 95% CI 1.43, 1.63) and calcium channel blockers
(OR 1.19, 95% CI 1.15, 1.23) were also associated with
ACEI intolerance in a multivariable model (Table 5). Other
determinants associated with ACEI intolerance were female
gender (OR 1.49, 95% CI 1.44, 1.53), smoking (OR 0.83,
95% CI 0.81, 0.86), asthma (OR 0.88, 95% CI 0.83, 0.93),
COPD (OR 0.69, 95% CI 0.64, 0.75), DM (OR 0.80, 95% CI
0.77, 0.84) and the use of antiasthmatic drugs (OR 1.51,
95% CI 1.42, 1.61), NSAIDs (OR 1.07, 95% CI 1.02, 1.13)
and statins (OR 0.92, 95% CI 0.89, 0.95).

Discussion
We conducted two exploratory case–control studies in a
cohort of patients in an extensive real-world primary care
database to evaluate the association between a history of
comorbidities and comedication use, and ACEI intolerance
(defined by switching to ARBs) and AE during ACEI therapy.
The main finding of both studies was that several comorbidi-
ties and prescriptions for different comedication classes
within 3 months before the event were significantly more
prevalent in ACEI starters developing AE and ACEI intoler-
ance, compared with ACEI users who did not develop these
adverse reactions. Moreover, although some of the associa-
tions were similar for both outcomes, we observed a larger
number of associations with switching to ARBs than with
AE. The knowledge gained through these studies might be
helpful for further research by using the history of comorbid-
ities and recent comedication as potential risk factors for
ACEI-related adverse reactions.

Several of the risk factors for AE which we report here have
been described earlier, including, among others, age, female
gender, smoking, allergies and some drug exposures [10, 18,
19, 27–33]. We replicated the association of AE with older
age but, contrary to prior observations, did not replicate an
increased risk for ACEI-related AE in females and in smokers
[10, 18, 27]. Furthermore, our finding of a positive association
of AE with allergies is also in accordance with previous
observations, which showed that seasonal allergies, a history
of drug rash, sensitization to certain food components and
pollen season were all associated with a higher number of
AE episodes [28, 29].

It was evident from univariate analyses that a history of
asthma, COPD and RA were more frequent and DM less
frequent among ACEI users who developed AE during ACEI
therapy. However, in multivariable analyses, none of these
comorbidities remained associated with AE during ACEI
therapy. To the authors’ knowledge, no reports on associa-
tions between asthma or COPD, and ACEI-related AE have
been published. A study by Byrd et al. found no association

Figure 1
Time to the development of angiotensin-converting enzyme inhibi-
tor (ACEI) intolerance and angioedema during ACEI therapy. (A)
Kaplan -Meier curves for time to the development of AE during ACEI
therapy. Kaplan-Meier curves were constructed for cases only. The
top left rectangle indicates the area of Kaplan-Meier curve depicted
in the bottom right panel. The bottom right panel shows time to
event during the first year of follow-up. (B) Kaplan -Meier curves for
time to switching to ARBs. Kaplan-Meier curves were constructed
for cases only. The top left rectangle indicates the area of Kaplan-
Meier curve depicted in the bottom right panel. The bottom right
panel shows time to event within the first year of follow-up. AE, an-
gioedema; ARB, angiotensin II receptor blocker
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Table 2
Determinants of angioedema during angiotensin-converting enzyme inhibitor therapy

No. (%)

Cases (n = 416) Controls (n = 4335) Crude OR (95% CI) P Adjusted ORc (95% CI) P

Gender

Male 212 (51.0) 2290 (52.8) reference - - -

Female 204 (49.0) 2045 (47.2) 1.08 (0.88; 1.32) 0.470 - -

Age > 65 years

No 158 (38.0) 2086 (48.1) reference - - -

Yes 258 (62.0) 2249 (51.9) 1.51 (1.23; 1.86) <0.001 - -

Smoking

No 215 (51.7) 2455 (56.6) reference - reference -

Yes 184 (44.2) 1735 (40.0) 1.21 (0.89; 1.49) 0.069 1.27 (1.03; 1.56) 0.027

History of co-morbiditiesa

Asthma

No 333 (80.0) 3816 (88.0) reference - reference -

Yes 83 (20.0) 519 (12.0) 1.83 (1.42; 2.37) <0.001 1.84 (1.42; 2.39) <0.001

Allergy

No 134 (32.2) 2129 (49.1) reference - reference -

Yes 282 (67.8) 2206 (50.9) 2.03 (1.64; 2.52) <0.001 2.02 (1.62;2.50) <0.001

COPD

No 363 (87.3) 4051 (93.4) reference - reference -

Yes 53 (12.7) 284 (6.6) 2.08 (1.52; 2.85) <0.001 1.96 (1.43;2.68) <0.001

Diabetes mellitus

No 360 (86.5) 3573 (82.4) reference - reference -

Yes 56 (13.5) 762 (17.6) 0.73 (0.54; 0.98) 0.034 0.73 (0.55; 0.98) 0.037

Rheumatoid arthritis

No 397 (95.4) 4263 (98.3) reference - reference -

Yes 19 (4.6) 72 (1.7) 2.83 (1.69; 4.75) <0.001 2.68 (1.59; 4.49) <0.001

Co-medicationsb

Anti-diabetic drugs

No 378 (90.9) 3773 (87.0) reference - reference -

Yes 38 (9.1) 562 (13.0) 0.67 (0.48; 0.95) 0.026 0.69 (0.49; 0.98) 0.036

Anti-histamines

No 202 (48.6) 4163 (96.0) reference - reference -

Yes 214 (51.4) 172 (4.0) 25.64 (20.06; 32.77) <0.001 26.62 (20.72; 34.20) <0.001

Anti-asthmatic drugs

No 326 (78.4) 3849 (88.8) reference - reference -

Yes 90 (21.6) 486 (11.2) 2.19 (1.70; 2.81) <0.001 2.14 (1.66; 2.75) <0.001

Calcium channel blockers

No 257 (61.8) 3143 (72.5) reference reference -

Yes 159 (38.2) 1192 (27.5) 1.63 (1.32; 2.01) <0.001 1.59 (1.29; 1.96) <0.001

NSAIDs

No 375 (90.1) 3920 (90.4) reference - reference -

(continues)
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between RA and ACEI-related AE [29]. An explanation for a
possible higher number of episodes of ACEI-related AE in
RA could be the observation by Habibagahi et al. that
patients with autoimmune disorders (such as systemic
lupus erythematosus) might have an acquired antibody-
mediated c1 inhibitor (c1-INH) deficiency contributing to
the development of AE [34]. In this scenario, it is probable
that starting an ACEI in RA could more likely trigger AE. It
has been suggested that AE is less likely to develop in dia-
betic patients owing to the higher dipeptidyl peptidase-4
(DPP-IV) activity that is seen in hyperglycaemia [35]. A
number of studies also reported that simultaneous use
of DPP-IV inhibitors and ACEIs increases the risk of
AE [36, 37].

Our results showed that asthma and allergies occurred
more frequently in switchers to ARBs, while DM and COPD
were less common in these patients. A study by Wyskida
et al. found that asthma and COPD were associated with
ACEI-related cough, with age-adjusted ORs of 1.60 and 1.70,
respectively [38]. Based on validation of the database marker
for ACEI intolerance used in our analyses, at least half of the
cases of ACEI intolerance in the present study might be
considered as having had ACEI-related cough [22]. However,
it is important to acknowledge the possibility that there were
other undesirable side effects of ACEIs or different reasons
leading to a switch to ARBs. Therefore, only an indirect com-
parison with the results of previous studies on ACEI-induced
cough is possible. While we confirmed the association with
asthma, the association with COPD was in the opposite
direction to that found in the above-mentioned study [38].
A potential explanation for this could be that ACEI users with
COPD who already experience cough as a symptom of COPD
might be less likely to attribute cough to ACEIs, and therefore
less likely to be switched to ARBs. Similarly, we could not

replicate a recently reported finding that statin use was
independently associated with a higher risk for ACEI-induced
cough [20].

We observed that prescriptions for antihistamines, sys-
temic corticosteroids and calcium channel blockers within
3 months prior to the index date were most prevalent in
the AE study population. Although the association with
antihistamines and systemic corticosteroids could be attrib-
uted to prescription of these drugs for the treatment of AE
(reverse causation), it persisted irrespective of the moment
when drug exposure was assessed – i.e. recent to the event
date and at baseline, and after adjusting for gender and
age. Similar results for corticosteroids and other immuno-
suppressants have been reported in previous studies and
are thought to be due to reduced DPP-IV activity during
immunosuppressant use [18, 29, 31]. In the setting of
DPP-IV suppression, its normal function – to degrade sub-
stance P and bradykinin – is compromised, causing the ac-
cumulation of these substances, ultimately leading to AE
[39]. Furthermore, there are data suggesting that ACEIs
may affect local microvascular perfusion in the skin by a
bradykinin-dependent mechanism [40]. In animal models
and in humans, captopril was shown to increase skin mi-
crovascular blood flow owing to an increase in endogenous
tissue bradykinin and the subsequent release of prostaglan-
dins and nitric oxide [40].

The strengths of the present study included using a real-
world primary care patient population, a large number of
events, complete data on the medication prescriptions and
comorbidities, and the use of a validated marker for ACEI
intolerance in prescription databases. We acknowledge that
there were a number of limitations to our study. Firstly, we
could not assess the causal relationship in this observational
exploratory study because the actual reason behind AE

Table 2
(Continued)

No. (%)

Cases (n = 416) Controls (n = 4335) Crude OR (95% CI) P Adjusted ORc (95% CI) P

Yes 41 (9.9) 415 (9.6) 1.03 (0.74; 1.45) 0.852 1.07 (0.76; 1.51) 0.687

Systemic corticosteroids

No 312 (75.0) 4142 (95.5) reference - reference -

Yes 104 (25.0) 193 (4.5) 7.15 (5.49; 9.32) <0.001 6.93 (5.31; 9.05) <0.001

Statins

No 215 (51.7) 2104 (48.5) reference - reference -

Yes 201 (48.3) 2231 (51.5) 0.88 (0.72; 1.08) 0.220 0.85 (0.69; 1.04) 0.112

Any type of coughb

No 383 (92.1) 4123 (95.1) reference - reference -

Yes 33 (7.9) 212 (4.9) 1.68 (1.14; 2.45) 0.008 1.63 (1.11; 2.39) 0.012

CI, confidence interval; COPD, chronic obstructive pulmonary disease; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio. Smoking was
assessed at any stage before the index date. The number of individuals with unknown smoking status 3 months before the index date was 17 (4.1%)
out of AE cases and 145 (3.3%) out of AE controls
aHistory of comorbidities was assessed at any time before the AE date
bComedication was assessed 3 months before the AE date
cGender and age-adjusted ORs
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Table 3
Determinants of angiotensin-converting enzyme inhibitor (ACEI) intolerance defined by a switch to angiotensin II receptor blockers (ARBs) in
prescription records

No. (%)

Crude OR (95% CI) P Adjusted ORc (95% CI) PCases (n = 24 709) Controls (n = 84 238)

Gender

Male 10 227 (41.4) 45 941 (54.5) reference – – –

Female 14 482 (58.6) 38 297 (45.5) 1.70 (1.65; 1.75) <0.001 – –

Age >65 years

No 11 839 (47.9) 43 331 (51.4) reference – – –

Yes 12 870 (52.1) 40 907 (48.6) 1.15 (1.12; 1.18) <0.001 – –

Smoking

No 15 360 (62.2) 46 959 (55.7) reference – reference –

Yes 8577 (34.7) 34 289 (40.7) 0.77 (0.74; 0.79) <0.001 0.83 (0.81. 0.86) <0.001

History of comorbiditiesa

Asthma

No 21 150 (85.6) 73 986 (87.8) reference – reference –

Yes 3559 (14.4) 10 252 (12.2) 1.21 (1.17; 1.27) <0.001 1.17 (1.12. 1.22) <0.001

Allergy

No 7840 (31.7) 42 265 (50.2) reference – reference –

Yes 16 869 (68.3) 41 973 (49.8) 2.17 (2.10; 2.23) <0.001 2.06 (1.99. 2.12) <0.001

COPD

No 23 417 (94.8) 79 412 (94.3) reference – – –

Yes 1292 (5.2) 4826 (5.7) 0.91 (0.85; 0.97) 0.003 0.90 (0.84. 0.96) <0.001

Diabetes mellitus

No 21 210 (85.8) 69 361 (82.3) reference – reference –

Yes 3499 (14.2) 14 877 (17.7) 0.77 (0.74; 0.80) <0.001 0.80 (0.77. 0.83) <0.001

Rheumatoid arthritis

No 24 263 (98.2) 82 766 (98.3) reference – reference –

Yes 446 (1.8) 1472 (1.7) 1.03 (0.93; 1.15) 0.545 0.93 (0.83.1.03) 0.171

Comedicationsb

Antidiabetic drugs

No 22 317 (90.3) 73 938 (87.8) reference – reference –

Yes 2392 (9.7) 10 300 (12.2) 0.77 (0.73; 0.81) <0.001 0.81 (0.77. 0.85) <0.001

Antihistamines

No 23 119 (93.6) 81 213 (96.4) reference – reference –

Yes 1590 (6.4) 3025 (3.6) 1.85 (1.73; 1.97) <0.001 1.77 (1.66. 1.88) <0.001

Antiasthmatic drugs

No 21 266 (86.1) 75 412 (89.5) reference – reference –

Yes 3443 (13.9) 8826 (10.5) 1.38 (1.33; 1.44) <0.001 1.34 (1.28. 1.39) <0.001

Calcium channel blockers

No 17 660(71.5) 63 210 (76.2) reference – reference –

Yes 7049 (28.5) 21 028 (23.8) 1.20 (1.16; 1.24) <0.001 1.21 (1.17. 1.25) <0.001

NSAIDs

No 22 416 (90.7) 77 169 (91.6) reference – reference –

(continues)
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cannot be retrieved directly from the CPRD. The read coding
system does not allow for the differentiation of hereditary AE,
drug-induced AE or AE secondary to acquired c1 esterase defi-
ciency. We believe that ACEI treatment is likely to contribute
to AE because we considered only AE occurring during ACEI
therapy. However, in cases of AE occurring after several years
of ACEI treatment, we cannot completely exclude another
trigger for AE. Furthermore, there is a possibility that diagnos-
tic codes for allergy were entered into the CPRD together with
diagnostic codes for AE to indicate the AE event, which
could have affected the associations described in the pres-
ent study. Another reason for possible errors in the

ascertainment of AE, possibly compromising the relation-
ship with ACEI use, is the difference between the time of
the actual AE episode and the time that it was entered into

Table 3
(Continued)

No. (%)

Crude OR (95% CI) P Adjusted ORc (95% CI) PCases (n = 24 709) Controls (n = 84 238)

Yes 2293 (9.3) 7069 (8.4) 1.12 (1.06; 1.17) <0.001 1.10 (1.05. 1.16) <0.001

Systemic corticosteroids

No 23 514 (95.2) 81 144 (96.3) reference – reference –

Yes 1195 (4.8) 3094 (3.7) 1.33 (1.24; 1.43) <0.001 1.25 (1.17. 1.34) <0.001

Statins

No 14 064 (56.9) 44 426 (52.7) reference – reference –

Yes 10 645 (43.1) 39 812 (47.3) 0.84 (0.82; 0.87) <0.001 0.89 (0.86. 0.92) <0.001

CI, confidence interval; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio. Smoking was
assessed at any stage before the index date. The number of individuals with unknown smoking status 3 months before the index date was 772 (3.1%)
of the switchers to ARBs and 2990 (3.5%) of continuous ACEI users
aHistory of comorbidities was assessed at any time before the switch to ARBs.
bComedication was assessed 3 months before the switch to ARBs.
cGender and age-adjusted ORs

Table 4
Determinants of angioedema (AE) during angiotensin-converting
enzyme inhibitor therapy in the multivariable model

Determinants OR 95% CI P-value

Age > 65 years 1.36 1.07, 1.73 0.013

History of comorbidities

Allergy 1.53 1.19, 1.96 <0.001

Comedications

Antihistamines 21.25 16.44, 27.46 <0.001

Systemic corticosteroids 4.52 3.26, 6.27 <0.001

Calcium channel blockers 1.57 1.23, 2.01 <0.001

CI, confidence interval; OR, odds ratio. Chronic comorbidities were
assessed at any stage within a period of time from the start of
available CPRD records until the date of AE entered into the CPRD.
Comedication was assessed within 3 months before the date of AE
entered into the CPRD. Smoking was defined as presence or ab-
sence of information regarding smoking status in the CPRD at any
stage before the index date (date of AE).

Table 5
Determinants of angiotensin-converting enzyme inhibitor intoler-
ance (defined by switching to angiotensin II receptor blockers) in
the multivariable model

Determinants OR 95%CI P-value

Female gender 1.49 1.44, 1.53 <0.001

Age >65 years 1.06 1.03, 1.09 <0.001

Smoking 0.83 0.81, 0.86 <0.001

History of comorbidities

Allergy 2.02 1.96, 2.09 <0.001

Asthma 0.88 0.83, 0.93 <0.001

COPD 0.69 0.64, 0.75 <0.001

Diabetes mellitus 0.80 0.77, 0.84 <0.001

Comedications

Antiasthmatic drugs 1.51 1.42, 1.61 <0.001

Antihistamines 1.53 1.43, 1.63 <0.001

NSAIDs 1.07 1.02, 1.13 0.008

Statins 0.92 0.89, 0.95 <0.001

Calcium channel blockers 1.19 1.15, 1.23 <0.001

CI, confidence interval; COPD, chronic obstructive pulmonary disease;
NSAID, Nonsteroidal anti-inflammatory drug; OR, odds ratio. Chronic
comorbidities were assessed at any stage within a period of time from
the start of available CPRD records until the date of switching to ARBs.
Comedication was assessed within 3 months before the date of
switching to ARBs. Smoking was defined as presence or absence of
information regarding smoking status in the CPRD at any stage before
the index date (date of switching to ARBs).
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the CPRD. Secondly, the CPRD provides information on
drug prescriptions but not drug dispensing, and it is not
possible to verify the actual intake of a drug. Thirdly, we
could not assess the influence of comorbidities and
comedication on ACEI-induced cough as information on
this adverse reaction was not available. Using a prescription
pattern for the identification of ACEI-induced cough could
have resulted in misclassification of the outcome of ACEI
intolerance. In particular, an increased number of
switchers to ARBs among patients with COPD, asthma
and users of systemic corticosteroids (amarker of an exacer-
bation)might indicate a preventivemeasure for patientsmore
prone to cough, rather than the presence of the ACEI-related
adverse effect itself.

In conclusion, the present study showed that several
comorbidities and recently prescribed comedication were sig-
nificantly more prevalent in ACEI starters developing AE and
ACEI intolerance as opposed to ACEI users who did not de-
velop these adverse reactions. Attention to the history of co-
morbidities and comedication when ACEI treatment is
required might assist in identifying patients potentially at a
higher risk for ACEI-related adverse effects.
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Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

http://onlinelibrary.wiley.com/doi/10.1111/bcp.13090/suppinfo.

Table S1 Crude and adjusted odds ratios for determinants of
ACEI-related angioedema. OR – odds ratio. ^ Sex and age ad-
justed ORs. CI – confidence interval. COPD - Chronic ob-
structive pulmonary disease. NSAIDs - Non-steroidal anti-
inflammatory drugs. History of co-morbidities was assessed
at any stage before the start date of the first ACEI prescription.
Co-medications use was assessed 3 months on either side of
the start date of the first ACEI prescription.
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Table S2 Crude and adjusted odds ratios for determinants of
switching to ARBs. OR – odds ratio. ^ Sex and age adjusted
ORs. CI – confidence interval. COPD - Chronic obstructive
pulmonary disease. NSAIDs - Non-steroidal anti-inflamma-
tory drugs. History of co-morbidities was assessed at any stage
before the start date of the first ACEI prescription. Co-

medications use was assessed 3 months on either side of the
start date of the first ACEI prescription.
Table S3Odds ratios for angioedema by type of angiotensin-
converting enzyme inhibitor.
Table S4 Odds ratios for angiotensin-converting enzyme in-
hibitor (ACEI) intolerance by type of ACEI.
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