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Cough is one of the common adverse effects in patients receiving angiotensin-converting enzyme in-
hibitors (ACEIls). This review presents the current evidence on incidence and mechanisms of cough
associated with ACEIs use, and proposes a practical approach for managing the same for optimal car-
diovascular (CV) risk reduction. The incidence of dry cough in patients receiving ACEls vary among in-
dividual ACEIs, and is the lowest with perindopril. Cough is thought to originate from multiple

Keywords: ) o mechanisms, bradykinin theory is the most commonly appealed hypothesis. The strategies for optimal
Angiotensin-converting enzyme inhibitors . . . . .
Cough management could be temporarily discontinuation of ACEI upon a reported incidence of cough and

reintroduction after its remission. However, studies have reported disappearance of cough despite

continuing treatment. Another important approach could be adding calcium channel blockers to ACEIs.

Switching to alternative drugs such as angiotensin receptor blockers should be suggested in case

intolerable symptoms recur and after exclusion of all other possible causes of cough.

© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Current evidence
Cardiovascular risk reduction

2. ACElIs in CV risk reduction: current evidence and clinical
practice guidelines

1. Introduction

Cough is a common cause for consultation that often becomes a

challenge for attending physicians. It is frequently associated with
use of angiotensin-converting enzyme inhibitors (ACEIs); however,
other drugs such as acetylsalicylic acid and nonsteroidal anti-
inflammatory agents, beta-blockers including cardioselective
beta-blockers, cholinergic agonists, inhaled agents, vindesine, his-
tamine liberators, etc. can induce bronchospasm and thereby cause
cough.! Cough management guidelines recommend a compre-
hensive medication history of the patient, particularly use of ACEIs
for appropriate diagnosis.” The present review summarizes the
currently available evidence regarding association of ACEIs use and
incidence of cough and provides a practical approach for managing
this highly debatable condition in order to achieve optimal car-
diovascular (CV) risk reduction.
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The renin angiotensin aldosterone system (RAAS) plays a critical
role in the pathophysiology of cardiovascular diseases (CVDs) such as
hypertension and vascular disease. Angiotensin Il (ang II) is the
principal effector peptide of the RAAS that plays critical role in blood
pressure homeostasis. Its actions are mediated via binding to the ang
Il type 1 (AT1) receptor, which are expressed in a variety of organ
systems including the heart, kidney, blood vessels, adrenal glands,
and CV control centers in the brain. Activation of AT1 mediates a
range of processes, including vasoconstriction, aldosterone and
vasopressin release, sodium and water retention, and sympathetic
activation and therefore elevated ang II levels are known to cause
hypertension.> The cardioprotective actions of ACEIs underlie both
the blockage of conversion of ang I to ang II, thereby reducing ang II
levels, and inhibition of bradykinin degradation. Bradykinin, through
its B2 receptor, stimulates endothelial release of a number of vaso-
dilators, such as nitric oxide, prostacyclin, and endothelium-derived
hyperpolarizing factor (EDHF) producing vascular protective ac-
tions.* In clinical practice, ACEIs were first used for treatment of
hypertension over 30 years ago and have been a cornerstone in the
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management of CVD for decades. Angiotensin converting enzyme
inhibitors have shown consistent CV protection, mediated by
improved survival and reduced risk of major CV events, across a wide
array of patients with vascular diseases including hypertension, sta-
ble coronary artery disease, myocardial infarction (MI), and heart
failure (HF).°~/ They have been demonstrated to prevent stroke and
exert cardioprotective and nephro-protective effects in patients with
diabetes as well.® As a result of such CV benefits, most clinical prac-
tice guidelines, including the European Society of Cardiology (ESC),
American Heart Association (AHA) and American College of Cardi-
ology (ACC) recommend ACEIs as first-line treatment for manage-
ment of coronary and atherosclerotic vascular diseases, hypertension,
HE, and ML°~"® Further, the guidelines from Hypertension Canada
and those from the European Society of Cardiology and the European
Association for the Study of Diabetes (ESC-EASD) also recommend to
prefer ACEIs over angiotensin receptor blockers (ARBs), suggesting
that the ARBs should be used in patients with intolerance to ACEIs."*
Moreover, the large accessibility and relatively better safety profile of
newer ACEIs have further improved overall outcomes.

3. Magnitude of cough

Hypotension, hyperkalemia, dizziness, and headache and a
persistent dry cough are some of the common side effects of
ACEIs."” This cough is characterized by a tickling sensation in the
throat that quickly wanes after discontinuation of ACEIs. Report-
edly, the incidence of dry cough in patients treated with ACEIs were
approximately 1.5—11%.'°72! In fact, not all ACEI trials included
cough as an endpoint, and these studies have been limited by
smaller sample sizes and lack of long-term follow-up with a low
number of events, which, in turn, has resulted in marked differ-
ences in reported incidences.'® 2! Moreover, the incidence of cough
varies among individual ACEIs, and only a few ACEIs have real-
world clinical practice data to support findings from randomized
trials. In this context, perindopril is an ACEI for which extensive
evidence from both randomized trials and real-world data are
available. In a series of studies performed in real clinical practice,
such as PAINT, PIANIST, PROOF, PETRA, the incidence of cough was
reported to be very low (ranged from <0.001 to 0.8%)?> 2> even
with the use of the maximum dose of perindopril (Table 1).
Moreover, in a large pooled analysis of 27,492 patients randomized
to receive perindopril, the incidence of ACEI-induced cough was
3.9%, and only 3.1% of patients discontinued treatment due to
cough.' Similarly, the data from Indian studies (STRONG, MONO-
COMB, PROTECT) demonstrated the cough incidence to be 1.5%—4%
that corroborated with the incidence reported in global perindopril
studies.!18:21

Table 1
Summary of incidence of cough with perindopril in clinical studies.
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4. Mechanism of ACEI-induced cough

Although the exact mechanism of ACEI-induced cough remains
unclear, several theories have been postulated for cough develop-
ment. Degradation of bradykinin and substance P by ACE and their
subsequent accumulation in upper and lower respiratory tracts by
ACEIs is the most widely accepted theory. Bradykinin induces
sensitization of airway sensory nerves via rapidly adapting stretch
receptors and C-fiber receptors that releases neurokinin A and
substance P. This causes airway smooth muscle to constrict leading
to bronchoconstriction and cough.’® However, the reason why
cough does not occur in all patients receiving ACEIs still warrants
further research. Other proposed mechanisms include bronchial
hyperreactivity (BHR), asthma history, chronic heart failure (CHF),
increased sensitivity of bradykinin-dependent airway sensory
nerve fibers, bradykinin receptor gene polymorphism increased
cough reflex sensitivity, aminopeptidase P (APP) enzyme deficiency
in the breakdown of bradykinin, and mechanisms that include ACE
insertion/deletion polymorphism. Few studies®’?® reported re-
lations of ACEI-induced cough and asthma and BHRwhereas, other
studies?* 3! reported contrasting suggestion that previous asthma
or BHR history does not pose a risk for developing ACE-I-induced
cough. Studies have reported the relation of ACEI-induced cough
and bradykinin 2 receptor polymorphism in population of East
Asian origin.>>>* However, there are inconsistent results showing
correlation between ACE-I-induced cough and ACE insertion/
deletion polymorphisms and bradykinin receptor gene poly-
morphism have been reported.”® Common findings from studies
evaluating these hypotheses indicate the involvement of two or
more mechanisms in the development of ACEI-induced secondary
cough.?®

The association between HF and ACEI-induced cough also re-
mains matter of further investigation due to contradicting reports.
In their study, Ravid et al reported that the incidence of ACEI-
induced cough was higher in HF patients compared to in those
with hypertension.>* Given that HF itself can cause coughing, the
true incidence of ACEI-induced cough is difficult to estimate in
these patients, and rather ACEI treatment could cure the HF-
associated cough may be via improvement in ventilation/perfu-
sion imbalance, alveolar-capillary gas transfer, pulmonary
congestion."”

Despite bradykinin theory being the most commonly appealed
hypothesis, two observations deduced from some studies challenge
it. First, in a randomized double-blind study that used a
de—challenge and re-challenge method to attribute cough, a 2-fold
higher incidence of cough was seen in patients undergoing ena-
lapril therapy (22%) compared with perindopril treatment (11%).>°

Name of study/Author Type of study Perindopril Cough Incidence (%)
PIANIST?® Observational Perindopril, 10 mg 0.8

PAINT?* Observational Perindopril, 5 and 10 mg <0.1

PETRA?® Observational Perindopril, 5 mg and 10 mg 0.04

GREEK cohort®® Observational Perindopril, 5 mg and 10 mg 0.001

PROOF?? Observational Perindopril, 5 mg and 10 mg

Nedogoda SV et al.®! Randomized Perindopril 5 mg No incidence was reported (0)
Mourad JJ et al®? Randomized Perindopril, 5 mg and 10 mg 1.1

PROTECT I1°° Observational Perindopril 4 mg, 8 mg 43

Sandeep Bansal et al.?!

STRONG'”
MV Padma et al.'®

Perindopril, N = 1250 Monotherapy: 3.6
Combination:1.8 and 4.3
Perindopril, N = 427 3.2

Perindopril, N = 298 4

PIANIST, Perindopril-Indapamide plus AmlodipiNe in high rISk hyperTensive patients; PAINT, Perindopril-Amlodipine plus Indapamide combination for controlled
hypertension Non-intervention Trial; PETRA, The Antihypertensive Efficacy of the Triple Fixed Combination of Perindopril, Indapamide, and Amlodipine; PROOF, Combined
Therapy of Arterial Hypertension With a Triple Fixed-Dose Combination of Amlodipine/Indapamide/ Perindopril Arginine in Real Clinical Practice; PROTECT, Effectiveness of
PeRindOpril in the management of hyperTension: idEntification of patient and physiCian determinants of response to Treatment; STRONG, SafeTy & efficacy analysis of

coveRsyl amlodipine in uncOntrolled and Newly diaGnosed hypertension.
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Further, a retrospective study also found a 3-fold increase in cough
incidence with enalapril (7%) vs. perindopril (2.2%) in patients with
arterial hypertension. Lower incidences of cough observed in these
studies are important in light of the fact that despite having highest
bradykinin/angiotensin selectivity, perindopril has the lowest
incidence of cough challenging the bradykinin theory for cough
development. The second important observation was made in a
study by Ceconi C et al, where, the bradykinin levels were found to
be lower in patients with coronary artery disease (CAD) compared
to healthy controls at baseline (12.4 + 6.0 vs 18.3 + 3.5 pg/mL).
Notably, in patients treated with perindopril, these levels were
found to increase and were normalized to that observed in healthy
controls at 1 year (17.7 + 6.3 pg/mL) indicating that increased
bradykinin levels would instead decrease the incidence of cough.>®
This could be explained by the critical role played by ang Il and
bradykinin balance in  maintaining homeostasis. The
Michaelis—Menten constant for bradykinin inactivation and ang II
formation indicates that ACE inhibition leads to lower ang II and
perpetually higher bradykinin levels, which helps maintain ho-
meostasis. As shown in Fig. 1, bradykinin offsets the harmful effects
of ang Il by mediating vasodilation and vascular protective effects.
As explained earlier, among ACElIs, this bradykinin potentiation is
particularly pronounced for perindopril, which could, instead, un-
derlie the CV benefits offered by the drug.

5. Are angiotensin receptor inhibitors the alternative to
ACEIs?

The reported low incidence of cough in patients on ARBs is
attributed to the lack of effect on bradykinin. However, at the same
time, the favorable pleiotropic effects (anti atherosclerotic proper-
ties and antithrombotic effects) of ACEIs are attributed to ACEI-
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induced increase in bradykinin along with the decrease in ang II
levels.

There is an inconclusive debate for selecting RAAS inhibitors,
ACEI or ARBs based on the available evidence. In a meta-analysis
evaluating treatment benefits of RAAS inhibitors conducted in
158,998 patients with hypertension, RAAS inhibition resulted in a
significant 5% reduction in all-cause mortality (HR: 0.95, 95% CI:
0.91-1.00, p = 0.032).” Moreover, the observed treatment benefit
was entirely from the class of ACEIs, with a significant 10% reduc-
tion in all-cause mortality (HR: 0.90, 95% CI: 0.84—0.97, p = 0.004),
while ARB treatment did not provide any mortality reduction (HR:
0.99, 95% Cl: 0.94—-1.04, p = 0.683). There was also significant
reduction in CV mortality with the ACEIs (HR: 0.88, 95%CI:
0.77—-1.00, p = 0.051) but no effect was observed with the ARBs
(HR: 0.96, 95% CI:0.90—1.01, p = 0.14) in the same dataset of pa-
tients with hypertension.’” Moreover, among the included ACEls
studies, the principal mortality benefits were shown in the HYVET,
ASCOT-BPLA, and ADVANCE, all of which are the perindopril trials
(HR: 0.87, 95% CI: 0.81-0.93, p < 0.001).>” Another systematic re-
view of 26 studies that included 61,264 patients with diabetes and
normoalbuminuria showed that ACEIs reduced the risk of new-
onset microalbuminuria, macroalbuminuria or both (RR: 0.71, 95%
Cl: 0.56—0.89), and mortality risk (RR: 0.84, 95% CI: 0.73—0.97)
when compared to placebo. In addition, it also provided similar
benefits in patients with or without hypertension (p = 0.74).38
Lesser reduction in the new microalbuminuria, macroalbuminuria
or both (RR: 0.90, 95% CI: 0.68—1.19), and increased risk of mortality
(RR: 1.12, 95% CI: 0.88—1.41) were observed with ARBs compared to
placebo.®® However, a meta-analysis of 106 studies with 254,301
patients with no history of HF in placebo-controlled, active-
controlled, head-to-head randomized trials suggested an equal
efficacy and safety of ARBs and ACEIs.>® Similar findings were also
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Fig. 1. Role of ACEI in maintaining overall homeostasis in the body. ACE: Angiotensinconvertingenzyme; ICAM-1: Intercellularadhesionmolecule1; VCAM-1: Vascular cell adhesion

protein 1; PAI-1: Plasminogen activator inhibitor-1-; t-Pa: Tissueplasminogenactivator.
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reported in a network meta-analysis of randomized trials that
included patients at high CV risk without HF, ARBs were similar to
ACElIs in reducing the risk for composite outcomes of CV death, MI
and stroke (RR: 0.92, 95% CI: 0.78—1.08).%° Although the data for
head-to-head comparison of ACEI and ARB is scarce, cumulative
availability of evidence suggests that both are equally effective in
reducing outcomes in patients with hypertension or in patients at
high risk of CV events.?! Therefore, the ACC/AHA, the ESC/ESH, the
NICE, and the Hypertension Canada guidelines recommend ACEIs
or ARBs in equivalence and as first line for treating hyper-
tension.'' ~1>#?> However, the ESC-EASD'* guideline, the ACCF/AHA
guideline on HF** and the ESC guideline on chronic coronary syn-
drome** recommend ACEIs as first line treatment and ARBs only if
the patient is intolerant to ACEI for HF due to large experiences and
evidence with ACEI underlie these recommendations.

The difference in effects has been attributed to the different
modes of action of ACEIs versus ARBs, primarily because of the
pleiotropic effects and beneficial role of the bradykinin pathway
with ACEIs.*>*® In fact, there only two ACEIs, perindopril and
ramipril, which have shown benefits in terms of decrease in CV
events in patients who are at high risk of developing coronary heart
disease (CHD) with normal left ventricular (LV) function.*’#?
However when both are compared, the perindopril studies
included patients who are treated in a manner reflective of current
day medical practice as opposed to ramipril studies which were
completed before the era of optimal medical therapy. Moreover,
perindopril seems to be the only ACEI with evidence for morbidity
and mortality benefits in HF patients with preserved EF,*° and the
findings from several clinical studies also show CV benefits in pa-
tieggs with AMI and in those with or at high risk for CHD without
HE.

The hypertension management guidelines by the Hypertension
Canada, and those of ESC-EASD, particularly for patients at a high
CV risk, such as those with diabetes mellitus appraise the fact that
ARBs lack the CV-protective effects of ACEIs and therefore

recommend ACEIs as the preferred RAAS inhibitors for high-risk
patients.'4

6. Measures towards better management of ACEI-induced
cough

6.1. Continue or discontinue ACEI treatment?

Although the intensity of cough is usually mild to moderate, it
can be occasionally severe enough and require discontinuation of
treatment. In a study by Reisin and Schneeweiss, for a significant
number of patients (27.4%), the cough spontaneously disappeared
after 2—8 months of therapy despite continued and unaltered
administration of ACEIs and without any therapy aimed for its
suppression.’® All patients were followed up for 13 months after
disappearance of cough, and no recurrences were observed. In
another study by the same authors, >50% of patients developed
complete resolution of symptoms despite continuing with treat-
ment.”' Similar findings were reported in a case—control study,
wherein the odds of developing cough (ratio) were 1.6 (95% Cl:
0.9—2.7) for long-term users (>6 months), 2.0 (95% CI: 1.1-3.8) for
patients who had been on ACEI treatment for 2—6 months, and 4.8
(95% CI: 1.7—13.3) for those just starting treatment (<2 months).
More recently, in 2015, Atsuhisa Sato and Seiichi Fukuda noted a
reduced incidence of cough reported with continuous use of
ACEIs.”? Nevertheless, additional studies focused particularly on
continuation of ACEIs and monitoring the development of cough in
patients belonging to different categories of CV risk are warranted
before the strategy is widely recommended.

Another measure could be temporarily discontinuing ACEI
treatment when an incidence of cough is reported and reintro-
duction after remission of cough, but owing to lack of evidence, this
strategy has been a matter of debate. Recently, this strategy was
demonstrated to effectively reduce the incidence of cough,’” and
we believe that it is worth exploring in Indian patients as well.
Moreover, cough being a class effect for ACEI it may not be

Patient reported incidence of cough

Watch for worsening or
disappearance of cough
for 2-3 weeks

If worsens, switch to
alternative option*

If remission of cough,
re-introduce the current
ACEI treatment

Moderate to severe

Discontinue the current
ACEI treatment, switch to
alternative option*

v

Switch to ARB or other drugs
Add calcium channel blocker with ACEI to reduce cough reflex

If cough persists

* |f cessation of ACEI is not an option and other drugs are contraindicated, re-introduce current ACEI
and add-on medication to suppress the cough
» Switch to ARB or ARNI as indicated

*Patient choice and comorbid condition should be considered

Fig. 2. Algorithm for management of ACEl-induced cough. ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin II receptor blocker; ARNI:Angiotensin receptor

neprilysin inhibitor.
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reasonable to immediately switch from one ACEI to another in case
of cough leading to discontinuation of drug.

6.2. Do concomitant medications help to reduce incidence of
cough?

Clinical studies have indicated that addition of calcium channel
blockers to ACEIs reduce cough reflex by two mechanismes. First, by
inhibiting prostaglandin synthesis and second by inhibiting Ca™*-
dependent release of glutamate which play an important role in the
central transmission of the cough reflex.>> This finding was further
supported in a study by Franova et al that reported lower incidence
of cough with concomitant calcium channel blockers or diuretics
compared to ACEls monotherapy.”*>> As per ACCP evidence-based
clinical practice guidelines, in patients for whom the cessation of
ACEI therapy is not an option, medications including that with
sodium cromoglycate, theophylline, sulindac, indomethacin,
amlodipine, nifedipine, ferrous sulfate, and picotamide to suppress
cough should be attempted.>®

6.3. Is prior adverse event information necessary for patients?

The incidence of cough depends on the way and the extent of
emphasis with which cough as an adverse reaction is explained to
patients. In a previous study, when cough as an adverse event of
ACEIs was emphasized to patients, >25% of patients, including
those receiving calcium antagonists, reported the incidence of
cough. Surprisingly, when patients were not informed of cough as a
side effect of ACEIs, none of the patients, including those receiving
ACEls, developed cough.’>”” In large-scale trials of hypertension,
the adverse reaction of cough had been reported in the placebo
group as well.>? Taken together, ACEI use is associated with cough,
but every incidence of cough is not always associated with ACEI use.
Hence, it is suggested that cough as an adverse event should not be
over emphasized to patients.

6.4. Does selection of type of ACEI reduce incidence of cough?

As discussed earlier, the incidence of cough varies based on the
individual ACEI used. ACEIs are categorized into three groups based
on the presence of a sulfhydryl, carboxyl, or phosphoryl group, but
the clinical relevance of this structural difference remains un-
clear.”® However, in an Indian ADR monitoring study, phosphoryl
group-containing ACEIs (fosinopril) were associated with a higher
incidence of cough compared with carboxyl group-containing
ACEIs (enalapril, lisinopril, and ramipril).>° It is reasonable to use
ACEIs that induce cough less frequently. In this context, perindopril
has been associated with a relatively low incidence of cough and
has extensive evidence supporting its cardiovascular benefits and
tolerability.

Overall, management of ACEI-induced cough can be done as per
algorithm given as Fig. 2.

7. Conclusion

Given the high prevalence of CVDs in India, there is a greater
need to improve treatment adherence to ACEIs, which is highly
relevant considering the lower-than-expected incidence of cough
with certain ACEIs (e.g., perindopril). Cough as an adverse event of
ACEIs should not be overemphasized, and even if cough occurs,
patients with mild-to-moderate cough should be counseled to
continue treatment considering the probability of natural disap-
pearance of cough. Switching to alternative drugs should be sug-
gested in case of intolerable symptoms that recur (after re-
challenge with ACEIs) and after exclusion of all other possible

causes of cough, particularly bronchial disease and pulmonary
edema.
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