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Angiotensin-Converting Enzyme Inhibitors Induce Cough
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Angiotensin-converting enzyme inhibitors (ACE-l) are widely used in diseases, such as hypertension, congestive heart failure, and myo-
cardial infarction. Although these drugs are well tolerated, one out of five patients discontinues ACE-I due to drug side effects, mainly
chronic cough. However, the pathogenesis of ACE-l-induced cough remains controversial and requires further study. In this review, the
mechanisms that are suggested in ACE-I-induced cough pathophysiology will be discussed in detail in light of the current literature.
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INTRODUCTION

Angiotensin-converting enzyme inhibitors (ACE-I) have been used for many years in the treatment of cardiovascular and
metabolic diseases. In addition to its antihypertensive effects, reducing effects on mortality and complications of diseases,
such as coronary artery disease, heart failure, diabetes, and diabetic nephropathy, have also been observed [1]. This medi-
cine has also become very common in chronic renal failure treatments with proteinuria and post-myocardial infarction [2].
Although they are well-tolerated medicines, almost one-fifth of patients discontinue their treatments due to side effects,
especially cough [3]. The incidence of cough associated with ACE-I is reported to be 3.9% to 35% conducted in different
populations [4-6]. ACE-I-induced cough may develop within hours after the first dose or even weeks or months later [7].
The cough is predominantly seen in females and non-smokers [4,8-12]. However, the pathogenesis of ACE-l-induced cough
remains controversial. The underlying mechanisms of the ACE-I-induced cough are multifactorial.

Angiotensin-Converting Enzyme Inhibition Mechanism

Angiotensin-converting enzyme (ACE) inhibition mechanism is a very important development in hypertension treatment.
With ACE inhibition, the renin-angiotensin-aldosterone cascade is blocked. Generally, renin is produced and released in
response to a decreased in blood flow to the juxtaglomerular apparatus of the kidney or in response to a decreased in
the filtration of the sodium chloride concentration. It makes the degradation of hepatic angiotensinogen to its inactive
peptide, angiotensin I. Then, angiotensin | is converted to active angiotensin Il by ACE produced by the capillaries in the
alveoli. Angiotensin Il has many physiological effects, such as increasing the resistance of blood vessels, causing adrenal
cortex aldosterone release, and stimulating vasopressin [2,13-15]. ACE-l is a competitive inhibitor of ACE and prevents
conversion of angiotensin | to angiotensin 1. ACE is also responsible for the degradation of bradykinin. Active bradykinin
is produced by its precursor kininogen, and kininogen is decomposed by kallikrein. Bradykinin has a short half-life
because it is rapidly degraded by ACE (Figure 1) [15]. Thus, the half-life of bradykinin can be prolonged by ACE-I with
ACE inhibition, and its activity and concentration can increase. Angiotensin receptor blockers (ARBs), also known as
angiotensin Il receptor antagonists, cause vasodilatation, decrease vasopressin secretion, and decrease aldosterone pro-
duction and secretion by blocking angiotensin Il to bind to its receptors [16]. In ACE-l, ARBs are also indicated for
hypertension, congestive heart failure (CHF), and diabetic nephropathy. They have no effect on ACE activities and do not
cause inhibition of bradykinin degradation. Owing to this reason, some of the side effects of ACE-I and ARBs differ.

Side Effects of ACE-I

ACE-I t have some undesirable side effects. The side effects are often specific to the class of the medicine depending on
its mechanism of action not the medicine itself. Owing to this reason, any ACE-I side effect can also occur with the use
of other ACE-I. In a cohort study, 19% of patients using ACE-I have been shown to discontinue their medications due to
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Figure 1. Effect of renin-angiotensin/kallikrein-kinin system on blood pressure regulation [15]
ACE: angiotensin-converting enzyme; ADH: antidiuretic hormone; PG: prostaglandin

side effects (mostly persisting cough) [3]. Owing to its mech-
anism of action, hypotension due to ACE-I may occur and
usually develop secondary to use with other medications that
have a significant salt deprivation or diuretic effect [17].
Hyperkalemia is another common side effect. The incidence
of hyperkalemia in patients treated with ACE-Il is approxi-
mately 3.3% [18,19]. Secondary cough and angioedema are
idiosyncratic reactions to ACE-1, and these effects are dose-
independent [17]. In the cases of development of upper air-
way symptoms and cough with the use of this medicine in
patients with obstructive sleep apnea, disease severity may
increase [7]. In addition to the side effects due to the mecha-
nism of action of ACE-l, specific side effects may occur
depending on the drug molecular structure. For example,
captopril sulfhydryl-related skin rash, neutropenia, tasting
disorders, and nephritic syndrome are some of its side effects.
Some of these side effects are idiosyncratic, whereas others
are dose-related [20].

Clinical Features of ACE-I-Induced Cough

ACE-l-induced cough only occurs in susceptible individuals
independent of the dose of the drug. Therefore, it is an idio-
syncratic reaction. It is a non-immune type B hypersensitivity
reaction according to the new terminology and is one of the
well-defined side effects of ACE-I [21]. This cough is typi-
cally dry with a tickling or scratching feeling in the throat.
The incidence of cough associated with the drug has been
reported to be between 3.9% and 35% among patients using
ACE-l [4-6]. On the other hand, ACE-l is responsible for
0%-3% of chronic cough etiology in prospective studies
evaluating patients with chronic cough complaints [22-24].

ACE-l-induced cough may occur within hours after first
intake of the dose or even weeks or months later. ACE-1 may
sensitize the cough reflex. Owing to this reason, it may

increase the severity of chronic cough due to other causes
[25]. Coughs due to these medications can decrease within
1 to 4 weeks after discontinuation, but in some cases, this
can take up to 3 months [26].

Pathogenesis of ACE-I-Induced Cough

The mechanism of ACE-I-induced cough is still unclear. The
possible mediators that play a role in the development of
cough are bradykinin and substance P which are destroyed
by ACE. Thus, bradykinin and substance P accumulate in the
upper and lower respiratory tracts by inhibition of this
enzyme by ACE-I. Bradykinin also stimulates prostaglandins
[4,27]. Figure 2 shows the mechanisms of ACE-I-induced
pulmonary dysfunction [15]. However, although this is the
possible mechanism, the question of why the cough does not
occur in all ACE-I users is still debatable. In other studies
conducted to shed light on this situation, patients with ACE-
I-induced cough with bronchial hyperreactivity (BHR) [28],
asthma history [29], CHF [5], increased sensitivity of brady-
kinin-dependent airway sensory nerve fibers [26], bradykinin
receptor gene polymorphism [30,31], increased cough reflex
sensitivity [25,32], aminopeptidase P (APP) enzyme defi-
ciency in the breakdown of bradykinin [33], and mecha-
nisms that include ACE insertion/deletion polymorphism
have been proposed [34]. The result from all these studies
suggests that there cannot be only one mechanism that is
responsible for ACE-l-induced cough. A combination of two
or more of the above mechanisms may develop into ACE-I-
induced cough.

Relationship between ACE-I-Induced Cough, BHR, and Asthma
The first studies about the mechanism of ACE-I-induced
cough investigated the relationship between ACE-I-induced
cough, asthma, and BHR. In a retrospective study, eight out
of nine patients with ACE-l-induced cough were shown to
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Figure 2. ACE-I induced pulmonary dysfunction [15]

ACE: angiotensin-converting enzyme; NKA: neurokinin A; PG: prostaglandin; RARs: rapidly adapting stretch receptors; SP: substance P

have BHR, whereas BHR was detected in only one out of
nine patients who used ACE-1 but did not have a cough. In
the present study, the underlying BHR was considered to be
related to ACE-l-induced cough, and the authors recom-
mended precaution while using ACE-1 in individuals with
BHR or asthma [28]. In another study, six patients with ACE-
I-induced cough and two patients with uncontrolled asthma
were included as study groups, and nine patients who used
this medicine without any issues were included as control
groups. Patients in the control group underwent pulmonary
function tests and bronchial provocation tests (BPTs). In
study group patients, cough reflex was measured before and
after the intake of ACE-I for 2 weeks. After ACE-I was taken
again, a significant decrease in forced expiratory volume in
one second (FEV,), a 35% decrease in histamine BPT, and a
significant increase in cough reflex were determined. In this
study, ACE-I-induced coughing was thought to be a variant of
coughing in asthma [35]. However, contrary to these studies,
there are also studies suggesting that previous asthma or BHR
history does not pose a risk for developing ACE-I-induced
cough [29,36,37]. In one of these studies, 3 years of data
were collected in 1013 patients using ACE-I and 1017
patients using bezafibrate. The incidence of cough (12.3%
vs. 2.7%, p<0.0001) and bronchospasm (5.5% vs. 2.3%,
p<0.0001) was higher in patients receiving ACE-l. However,
an increase in the incidence of adverse respiratory side
effects has not been reported in patients with a history of
asthma or bronchospasm (16%) compared with patients
without a history of bronchospasm [36].

Whether or not ACE-I itself causes BHR is another research
topic. In healthy subjects, the effects of ACE-1 on BHR were
investigated in cases with ACE-I, and ACE-l has not been

shown to be effective in the development of BHR [29,38]. In
patients with asthma, the relationship between ACE-I-
induced cough and decrease in lung function was also inves-
tigated, and there was no significant association [29].
Pulmonary functions were evaluated in a double-blind study
in 21 patients using ACE-I (14 asthma and 7 allergic rhinitis).
Baseline forced vital capacity (FVC), FEV,, FEV /FVC ratio,
and methacholine BPT values were measured after a drug
washout period. Patients were then started on spirapril or
enalapril for 3 weeks, and after 3 weeks, measurements of
pulmonary function test and methacholine BPT were repeat-
ed. There were no significant changes in spirometric mea-
surements or in methacholine BPT before or after treatment.
On the other hand, the frequency of coughing and wheezing
increased in both groups, but not more than the general
population (14% cough and 5% wheezing). However, in the
present study, patients were allowed to continue their medi-
cation, such us theophylline and inhaled B-agonists, until 36
h before the spirometry and methacholine challenge tests.
However, the most important limitation of the study is the
lack of an active control group and the comparison to the
general population [29]. In a prospective double-blind study
by Riska et al. [39], the effects of captopril and calcium
channel antagonist verapamil on the pulmonary function of
12 patients with stable asthma were compared. After 4 weeks
of treatment with captopril or verapamil, there was no differ-
ence in asthma symptoms, peak expiratory flow, or FEV,
between the two treatments. After 3 years, in a research that
had been conducted by the same researchers, there was no
difference in FEV, changes before and after captopril or vera-
pamil treatment. Patients receiving 4 weeks of treatment on
both branches were allowed to use corticosteroids and bron-
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ACE: angiotensin converting enzyme; APP: amino peptidase-P; HMWK: high molecular weight kininogen

chodilators, and it may have masked the symptoms that may
occur with ACE-I. However, there was no increase in (2
agonist and corticosteroid use rates in both groups. In addi-
tion, the incidence of increased cough was similar in both
the active drug group and the placebo group [40]. In a study
by Sala et al. [37], ACE-I captopril was given for 4 weeks to
16 patients with asthma, and the difference in bronchial
response was studied before and after treatment applications.
FEV, values and methacholine BPT values were measured
before and after treatment with ACE-I. The incidence of
cough was not reported in the study, but there was no sig-
nificant difference in BHR measured by methacholine BPT
before and after treatment. In conclusion, in these studies,
FEV, changes were not found during ACE-I use in diseases
with chronic airway obstruction [29]. All these studies did
not achieve a clear conclusion that asthma poses a risk for
the development of secondary cough in the use of ACE-I.
One reason for this, may be speculative, ACE-Il-induced
cough pathophysiology may be caused by multiple etiolo-
gies, rather than by a single mechanism. However, a definite
conclusion in this topic is difficult to achieve due to the fact
that these studies are data obtained as a result of short-term
use of ACE-I, low statistical power analyses, no control of the
use of certain medications that may affect pulmonary func-
tion, and the potential for these drugs to suppress cough
associated with ACE-I.

ACE-I-Induced Cough and Bradykinin Degradation Defect

Another possible mechanism by which ACE-I-induced cough
may be explained is that it may be associated with a defect in
the degradation of bradykinin. It normally has a short half-life

due to the rapid degradation of bradykinin. Three metallopro-
teinases are responsible for the degradation of bradykinin.
These are ACE/kininase Il, APP and neutral endopeptidase.
ACE is more effective than APP in the degradation of bradyki-
nin, and APP is more effective than neutral endopeptidase
[33,41]. ACE-I blocks ACE/kininase Il activity, thus increasing
the level of bradykinin by reducing its degradation (Figure 3)
[33]. However, ACE-I-induced cough occurs in a small pro-
portion of patients receiving this medicine. At this point, other
mechanisms come into consideration in the pathogenesis of
ACE-l-induced cough. The effect of ACE inhibition on the
metabolism of quinine and the role of APP enzyme are
thought to be important in understanding the side effects of
this medicine [33]. However, more focus was on studies
about the degradation of bradykinin and ACE-l-induced
angioedema relationship. Bradykinin is metabolized to N-Arg-
bradykinin, the metabolite of active bradykinin by ACE/kini-
nase Il. In half of the patients with ACE-I-induced angioede-
ma, they have been shown to have an enzymatic deficiency
in the breakdown of this active molecule. Therefore, the
increase in activity of bradykinin would be much higher
when ACE-I is used [33,42]. In another study, there was no
significant difference in terms of the carboxypeptidase-N
enzyme (kininase | enzyme) when individuals with ACE-I-
induced angioedema were compared with healthy controls.
Therefore, reduced plasma APP activity has been suggested
not to be an increased risk factor for the development of ACE-
I-induced angioedema [43]. Overall withdrawal rates because
of the adverse events (cough and angioedema) are lower with
ARBs than with ACE-I [44,45]. Since their actions on bradyki-
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nin are different, these mechanisms are mentioned in the ACE
inhibition mechanism section.

ACE-I-Induced Cough and Gene Polymorphisms
Pharmacogenetics, which is trying to reveal the genetic
determinants of response to drugs and other chemicals, is a
very fast developing branch of genetics. Local variability in
genes or polymorphism may differentiate individual respons-
es to certain drugs by affecting medicine metabolism or
receptors. A polymorphism can be in a single nucleotide
(single-nucleotide polymorphism, SNP), or it can occur in
multiple fragments of this gene (insertion/deletion/duplica-
tion/inversion) [33]. ACE and bradykinin B, receptor
(BDKRB2), SNP and insertion/deletion polymorphisms,
which may be responsible for the development of ACE-I sec-
ondary cough, have been studied.

The degradation of bradykinin in circulation is much faster
than that of ACE DD genotypes. These genotype prophylactic
peptides appear to contribute to reducing respiratory con-
centrations of substance P and bradykinin [46]. The means
by which ACE inhibitors affect the respiratory system is
thought to be through an increase of substance P which is
released from the vagal and glossopharyngeal sensory nerves
in the pharynx and upper airways, and is naturally degraded
by ACE [7,47]. In this case, this will increase the cough
reflex. However, in a meta-analysis of ACE-I-induced cough
pharmacokinetics, no correlation between ACE insertion/
deletion polymorphism and secondary cough development
was found [48].

After ACE genes, BDKRB2 genes are the second most fre-
quently examined genes by studies on different polymor-
phisms [48]. The relationship between ACE-l-induced cough
and BDKRB2-58T/C polymorphism (rs1799722) was deter-
mined in some studies. The majority of the populations in
these studies are of East Asian origin [49-53]. Three of these
studies with East Asian individuals have been combined with
an earlier meta-analysis and found a significant association
with ACE-l-induced cough [54]. However, this association
has not been shown in a study in Chinese patients with non-
insulin-dependent diabetes mellitus [55]. Additionally, in a
study with Caucasian Spanish subjects, the association
between ACE-l-induced cough and BDKRB2-58T/C was not
found, but the association with different SNPs in the BDKRB2
gene has been found [51]. In another study with Spanish
subjects, the association between four different SNPs in the
BDKRB2 gene and ACE-Il-induced cough was shown [51]. In
these two large-scale Spanish studies, significant associations
with SNPs, including genes, membrane metalloendopepti-
dase, prostaglandin E receptor 3, and ACE, have been shown.
However, none of these have been replicated in other popu-
lations [48]. No correlation between SNPs in the bradykinin
1 receptor gene, which is another bradykinin receptor, and
ACE-I-induced cough is found [51,52]. In association with
ACE-l-induced cough, gene polymorphisms other than the
BDKRB2 gene polymorphism have also been identified. In a
study of a Korean patient cohort, the relationship between
ACE-I-induced cough and neurokinin 2 gene receptor poly-
morphism was reported [53]. In an another recent study,
Hallberg et al. [56] identified nearly genome-wide significant

associations in cytoplasmic linker associated protein 1, phos-
phodiesterase 11A, potassium calcium-activated channel
subfamily M regulatory beta subunit 2, protransforming
growth factor A, solute carrier family 38 member 6, and
matrix metalloproteinase 16. The strongest association was
with rs62151109 in cytoplasmic linker associated protein 1.
Finally, the authors proposed that ACE-l-induced cough is
potentially associated with genes that are independent of
bradykinin pathways.

In conclusion, inconsistent results between ACE-I-induced
cough and ACE insertion/deletion polymorphisms and
BDKRB2 gene polymorphism have been reported.
Inconsistency in different association studies can be explained
with changes in study design, small relative risk magnitude,
etiological heterogeneity, and selection of non-causal poly-
morphisms [33,57]. We hypothesize that, in addition to the
above reasons, an attempt is made to investigate a single
causal factor, particularly in the development of ACE-I-
induced cough. Although it is speculative, we believe that
coughing in these patients is the result of the existence of
more than one of the reasons that have been previously inves-
tigated and shown as a risk factor. In other words, in patients
with asthma (one of the risk factors for ACE-I-induced cough)
who do not develop ACE-I-induced cough, none of the other
risk factors can be seen. In those who are not asthmatic and
develop ACE-I secondary cough, cough may occur because
of two or more risk factors other than asthma in the same
patient. Further work is needed to support this theory.

ACE-I-Induced Cough and Heart Failure

It is also a matter of curiosity whether there is a relationship
between CHF and ACE-l-induced cough. Ravid et al. [5]
showed significant differences in cough development
between patients using ACE-I (n=164) due to systemic hyper-
tension and patients using ACE-I (n=104) due to CHF. In their
study, cough developed in 50 (18.6%) patients receiving ACE-
I. Twenty-three (14%) patients with systemic hypertension
developed cough in 24.7+17.1 weeks, and 27 (26%) patients
with CHF developed cough in 12.3+12 weeks (p<0.001). The
authors concluded that the frequency of coughing from ACE-I
is higher in patients with CHF than in those with hypertension
[5]. However, it is very difficult to say the true incidence of
ACE-I-related cough in cases with heart failure since heart
failure itself can cause coughing. Moreover, in some patients,
ACE-I therapy may resolve cough-associated heart failure.
These effects may be due to better alveolar-capillary gas
transfer, ventilation/perfusion imbalance, and/or better pul-
monary congestion [7,58]. However, there is also a meta-
analysis showing that ACE-l-induced cough is less frequent in
patients using ACE-I due to heart failure than in patients using
ACE-I for systemic hypertension. In a meta-analysis of ran-
domized placebo-controlled trials, 65,054 patients from 22
included studies were analyzed. Placebo-adjusted ACE-I
cough was 37% of 13.5% reported cases on ACE-I, whereas
8.5% reported cases on placebo were equivalent to 63% of
cases on ACE-l, indicating the other potential factors for
cough than ACE-l in a substantial number of cough cases on
ACE-I. Placebo-adjusted ACE-1 cough had the highest rates of
arterial hypertension (85%) and the lowest rates of heart fail-
ure (29%). The authors proposed that other causes of cough,



particularly in heart failure, should be excluded before ACE-I
withdrawal [59].

ACE-I-Induced Cough and Cough Reflex Sensitivity
Increased sensitivity of bradykinin-dependent airway sensory
nerve fibers has been suggested as one of the potential
mechanisms of ACE-l-induced cough [27]. Experimental
stimuli with capsaicin showed increased cough reflex sensi-
tivity in patients with ACE-I-induced cough, which decreased
with discontinuation of the drug (25,32). Capsaicin cough
reflex sensitivity has also been shown to increase in patients
with asthma [60,61].

In conclusion, ACE-l-induced cough mechanisms, such as
BHR, asthma history, APP enzyme deficiency in bradykinin
degradation, ACE insertion/deletion polymorphism, bradyki-
nin receptor gene polymorphism, CHF, and increased cough
reflex sensitivity, have been proposed. However, none of
these factors have been shown to be responsible for ACE-I-
induced cough alone. The result of all these studies suggests
that there cannot be only one mechanism responsible for
ACE-I-induced cough. Only combinations of two or more of
the above mechanisms may result in ACE-I secondary cough.
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