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ABSTRACT

Objectives: Angiotensin-converting enzyme inhibitors (ACEi) are among the main anti-hypertensive
medications. While they are generally well tolerated, dry cough is one of their important side effects, with a
frequency of up to 10 percent. Medications that are associated with increased ACEi-related cough frequency
are not well described. We wanted to evaluate medications that might have an effect on ACEi-related cough.
Method: This study was designed as a post-hoc analysis of our previously published study. Patients who were
on ACEi were identified, and demographics, comorbidities, laboratory data, and medications were retrieved
via electronic medical records. Patients who reported cough and whose cough ceased after ACEi withdrawal
were defined as having an “ACEi-related cough.” Patients were grouped according to their ACEi-related cough
presence.

Results: One hundred and twenty-one patients were included in the study, of whom 14 experienced ACE:i-
related coughs. All medications except for low dose acetylsalicylic acid (ASA) and calcium channel blockers
(CCB) were similar between the groups. Low dose ASA use was significantly higher among patients who
experienced ACEi-related cough (50% vs. 16.8%, p=0.04). On the other hand, CCB use was associated with
lower ACEi-related cough (7.7% vs. 35.5%, p=0.03). Medications other than ASA and CCB, demographics,
comorbidities, and laboratory data were similar across the groups.

Discussion: ACEi-related cough risk is higher among patients on low dose ASA and lower among patients
on CCB. Further studies are needed to demonstrate if there is a “safe” acetylsalicylic acid dose that is not
associated with ACEi-related cough.

Keywords: hypertension, angiotensin converting enzyme inhibitors, acetylsalicylic acid, calcium channel
blockers, cough

ypertension is a significant contributor to
Hcardiovascular risk, alongside conditions
like coronary artery disease. Its management
involves implementing lifestyle modifications and
utilizing medicines. Several prominent categories of

drugs used to treat hypertension, such as angiotensin
converting enzyme inhibitors (ACEi) and angioten-

sin receptor blockers (ARB), are commonly included
in the treatment plans of many individuals with high
blood pressure.'? In addition to treating hyperten-
sion, ACE inhibitors (ACEi) and angiotensin receptor
blockers (ARB) are often prescribed for patients with
albuminuric diabetic renal disease and heart failure
with reduced ejection fraction.’* The latest hyperten-
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sion guidelines recommend the use of dual combina-
tion therapy, namely the addition of either an ACE in-
hibitor or an ARB to either calcium channel blockers
or thiazide diuretics. Although ACE inhibitors (ACEi)
and angiotensin receptor blockers (ARB) are typ-
ically well tolerated, ACEi is linked to a dry cough
that requires discontinuation of the medication and
a switch to ARB in 5 to 10 percent of patients, with
other reports indicating rates as high as 30 percent.>®
According to reports, this condition is less preva-
lent in people with hypertension but more prevalent
in patients with coronary artery disease and diabetes
mellitus.® The precise mechanism behind ACEi-relat-
ed cough is not well understood. However, the most
probable explanation for the dry cough is that ACEi
inhibits the breakdown of bradykinin and substance P,
resulting in the constriction of airway smooth muscles
and subsequent coughing.” Various factors have been
suggested and defined to elucidate the reasons why
certain patients develop a cough as a result of ACE in-
hibitor (ACEi) use while others do not. These factors
encompass lung congestion caused by heart failure,
varying levels of bronchial activity, heightened sensi-
tivity of airway sensory nerve fibers to bradykinin, a
reduced ability to break down bradykinin, and genetic
variations in the bradykinin gene.® In addition to ACE
inhibitors, various medications, such as non-steroidal
anti-inflammatory drugs (NSAIDs), beta-blockers,
and acetylsalicylic acid (ASA), have the potential to
trigger bronchospasm and result in coughing.® A study
with ASA has shown that ASA has a bimodal effect
on ACEi-related cough: While intermediate doses can
lower ACE-related cough, low ASA doses have no ef-
fect.’

This study aimed to examine the impact of medi-
cations that are known to cause dry cough when used
alone (such as ASA, beta-blockers, NSAIDs, etc.) or
medications commonly used in hypertensive patients
taking ACE inhibitors but not directly linked to dry
cough when used alone (such as metformin, calcium
channel blockers, proton pump inhibitors, etc.) on
ACE inhibitor-induced cough.

METHODS

Design

This study was designed as a post-hoc analysis of
our previously published study on hypertensive pa-
tients. Our previous study’s aim was to evaluate the re-
nal side effects of ACEi and ARBs via machine learn-

ing algorithms. During that study, some patients who
were already on ACEi therapy were detected to report
a chronic cough that had ceased after ACEi withdraw-
al, and we defined this cough as an “ACEi-related
cough.” In this study, we acquired the clinical char-
acteristics of the patients who were on ACE;i, and we
grouped them as patients who experienced ACEi-re-
lated cough (“Cough” group) and patients who did not
experience ACEi-related cough (“No Cough” group).

Clinical Data

*  The following clinical data were acquired for
the analysis:

*  Demographics: Age and sex

*  Comorbidities: diabetes mellitus (DM), coro-
nary artery disease (CAD), heart failure (HF), chronic
kidney disease (CKD), pulmonary disease, active ma-
lignancy, connective tissue disorders

e Medications: thiazide diuretics, calcium chan-
nel blockers (CCB), beta blockers, loop diuretics,
insulin, metformin, nonsteroidal anti-inflammatory
drugs (NSAIDs), proton pump inhibitors, statins, and
acetylsalicylic acid (ASA)

»  Laboratory Values: Urea, glomerular filtration
rate (GFR), creatinine, uric acid, sodium, potassium,
calcium, glucose, low-density lipoprotein (LDL), tri-
glyceride, and albumin

Statistics

For descriptive statistics, continuous variables
were presented as “mean (£standard deviation)” or
“median (interquartile range)” according to their
distribution pattern. Categorical variables were pre-
sented as “numbers (percentages)”. For comparison
of continuous variables’ between-group differences,
the student’s t-test or Mann-Whitney U test was used
according to the variables’ distribution patterns. Pear-
son’s chi-squared test (2 test) (or Fisher’s exact test
when needed) was used for comparison of categorical
variables’ between-group differences. Two-sided sig-
nificance testing was performed to calculate p-values,
and p-values less than 0.05 were considered signifi-
cant. All analyses were conducted using IBM SPSS
Software version 23.0 (SPSS Inc., Chicago, IL), li-
censed to the institution where the study was carried
out.

Ethics

Patients were assigned an anonymous identifica-
tion number to protect confidentiality. The process-
ing of the data did not require informed consent, and
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written informed consent was not obtained due to the
study’s retrospective design. The study complies with
the principles outlined in the Declaration of Helsinki,
and this study was approved by the Hacettepe Uni-
versity Institutional Review Board (Project number
G022/734).

RESULTS

One hundred and twenty-one patients who were on
ACEi therapy were included in the study. Of those,
14 (11.5%) experienced an ACEi-related cough, while
107 (88.5%) did not. The median age was 62, and

there was a slight female dominance that did not show
a difference between the groups.

The two most common comorbidities were diabetes
mellitus and coronary artery disease, with frequencies
of 42.1% and 33.9%, respectively. Coronary artery
disease, the primary indication for acetylsalicylic acid
use, was almost identical in the no-cough and cough
groups (33.6% vs. 35.7%, p=1). Diabetes mellitus and
heart failure frequencies, which were associated with
higher ACEi-related cough risk, were similar between
the two groups (41.1% vs. 50%, p=0.52, and 4.7%
vs. 7.1%, p=0.53, respectively). Although pulmonary
disorders were more common among patients who
experienced ACEi-related cough (6.5% vs. 21.4%),

Table 1. Characteristics of patients grouped by their cough status

TOTAL NO COUGH COUGH p

n=121 n=107 n=14
Demographics
Age 62 (14) 62 (15) 58 (10) 13
Female sex 72 (59%) 65 (60.7%) 7 (50%) 44
Comorbidities
Diabetes mellitus 51 (42.1%) 44 (41.1%) 7 (50%) .52
Coronary artery disease 41 (33.9%) 36 (33.6%) 5 (35.7%) 1
Heart failure 6 (5%) 5 (4.7%) 1(7.1%) .53
Chronic kidney disease 6 (5%) 6 (5.6%) 0 1
Pulmonary disease 10 (8.3%) 7 (6.5%) 3 (21.4%) .09
Active malignancy 2 (1.7%) 1 (.9%) 1 (7.1%) 21
Connective tissue disorders 8 (6.6 %) 6 (5.6%) 2 (14.3%) 23
Medications
Thiazide diuretics 47 (39.2%) 40 (37.4%) 7 (40%) 25
Calcium channel blockers 39 (32.5%) 38 (35.5%) 1 (7.7%) 0.03
Beta blockers 42 (34.7%) 39 (36.4%) 3(21.4) 37
Loop diuretics
Insulin 16 (13.3%) 14 (13.1%) 2 (15.4%) .68
Metformin 43 (35.5%) 37 (34.6%) 6 (42.9%) .56
Nonsteroidal anti-inflammatory drugs 15 (12.5%) 13 (12.1%) 2 (15.4%) .66
Proton pump inhibitors 31 (25.8%) 28 (26.2%) 3(23.1%) 1
Acetylsalicylic acid 25 (20.7%) 18 (16.8%) 7 (50%) .004
Statins 21 (17.4%) 16 (15%) 5(35.7%) .067
Laboratory Values
Urea 30 (14) 30 (15) 32 (13) 97
Glomerular filtration rate 93 (21) 91 (22) 101 (18) 017
Creatinine .80 (.27) .80 (.29) .74 (.19) .63
Uric acid 5.6 (1.8) 5.4 (1.8) 5.9(2.3) .68
Sodium 139 (3) 139 (3) 138 (3) 5
Potassium 4.2 (.5) 4.2 (.5) 4(.7) .06
Calcium 9.6 (.7) 9.6 (.7) 9.4 (.8) 19
Glucose 108 (25) 108 (23) 106 (33) .93
Low density lipoprotein 113 (56) 113 (58) 114 (44) .70
Triglyceride 150 (103) 151 (104) 131 (103) .82
Albumin 4.3 (.5) 43 (.5) 4.1(.8) .30
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this difference did not reach statistical significance
(p=0.09). All other comorbidity frequencies were also
similar between the groups (p>0.05).

Regarding biochemical characteristics, two groups
did not differ except for the GFR. GFR was slightly
higher in ACEi-related cough patients compared to
the non-cough group (101 vs. 91, p=0.017).

The most common medications were thiazide di-
uretics, metformin, and beta blockers (39.2%, 35.5%,
and 34.7%, respectively). Calcium channel blockers
(CCB) were used by 39 patients (32.5%) in total, and
CCB use was significantly more common among pa-
tients who did not experience ACEi-related cough
(35.5% vs. 7.7%, one-sided p=0.03). Acetylsalicyl-
ic acid (ASA) was used by 25 patients (20.7%), and
ASA use was significantly more common among pa-
tients who experienced ACEi-related cough (50% vs.
16.8%, p=0.004). All medication uses other than ASA
and CCB were similar across the groups (p>0.05). Ta-
ble 1 illustrates in detail the clinical characteristics of
patients according to their ACEi-related cough status.

DISCUSSION

This study illustrated that acetylsalicylic acid and
calcium channel blockers are associated with high-
er and lower angiotensin-converting enzyme inhibi-
tor-related cough, respectively. A dry and persistent
cough is a well-described side effect of ACEi. Al-
though all ACEi can produce dry coughs, perindopril
is associated with lower ACEi-related coughs, due in
part to its higher tissue potency.'®!" Alongside ACEi,
several medications, some of which may be used con-
comitantly with ACEi, also have an effect on cough.
While many of them may increase cough incidence
(e.g., beta blockers), some have the potential to reduce
cough (e.g., calcium channel blockers).® It has been
shown that the addition of calcium channel blockers
reduces cough compared to ACEi monotherapy.'? Pos-
sible mechanisms include inhibition of prostaglandin
synthesis and decreased central transmission of cough
reflexes.® Regarding ASA, a previous study was able
to demonstrate that intermediate-dose ASA could sup-
press ACEi-related coughs while low-dose ASA could
not suppress them. Our findings illustrate that low-
dose ASA is associated with an even higher ACEi-re-
lated cough compared to a lack of ASA. To the best of
our knowledge, this is the first study to demonstrate
the association between ASA use and higher ACEi-re-
lated associations. Prostaglandins (PG) have been pro-

posed to play a major role in ACEi-related cough. It is
known that ASA irreversibly inhibits cyclooxygenase,
the first enzyme in PG synthesis, converting arachi-
donic acid to PG-H2.” This mechanism can explain
the intermediate dose of ASA’s suppressing effect on
ACEi-related cough but cannot elucidate the dose-de-
pendent observation.

We acknowledge the limitations of our study.
Firstly, this study was a retrospective analysis and
prone to many limitations of retrospective studies.
Secondly, the number of patients in both the total
and cough groups was small; therefore, differences
that are slightly above the p value of 0.05 (e.g., sta-
tin use, pulmonary disease presence) might be due to
the small sample size. Thirdly, we did not take into
account the CCB and ACE:i types and doses; hence,
we do not know whether different doses and types are
associated with different cough frequencies. Lastly,
these patients were receiving ACEi for hypertension
but not for heart failure with reduced ejection fraction
or albuminuric diabetic renal disease, so the findings
might not be generalizable for indications other than
hypertension.

In conclusion, clinicians should be aware of the
fact that ACEi-related coughs are more common
among patients who are on ASA. CCB can be more
suitable than thiazides when added to ACEi due to the
lower ACEi-related cough with CCB. Further studies
on large patient numbers and different patient back-
grounds are needed to clarify the association between
acetylsalicylic acid use and ACEi-related cough.

CONCLUSION

Conflict of Interest

The author(s) declared no potential conflicts of in-
terest with respect to the research, authorship, and/or
publication of this article.

Funding Sources
The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Ethical Approval

The protocol of the study was approved by the
Medical Ethics Committee of Hacettepe University.
(Decision number: 2022/12-29, date: 5.7.2022).

Authors’ Contribution
Study Conception: ATG; Study Design: ATG, MO;

20

DAHUDER Medical Journal Volume 4 Issue 1 January 2024



DAHUDER M J 2024;4(1):17-21

Giiven and Ozdede

Supervision; ATG, MO; Funding: ATG, MO; Mate-
rials: ATG, MO; Data Collection and/or Processing:
ATG, MO; Analysis and/or Data Interpretation: ATG,
MO; Literature Review: ID; Critical Review: ATG,
MO; Manuscript preparing: ATG, MO.

REFERENCES

1. Mancia G, Kreutz R, Brunstrom M, et al. 2023
ESH Guidelines for the management of arterial hy-
pertension The Task Force for the management of
arterial hypertension of the European Society of Hy-
pertension: Endorsed by the International Society of
Hypertension (ISH) and the European Renal Associ-
ation (ERA). J Hypertens. 2023;41(12):1874-2071.
doi:10.1097/HJH.0000000000003480

2. Whelton PK, Carey RM, Aronow WS, et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/
ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High
Blood Pressure in Adults: A Report of the Ameri-
can College of Cardiology/American Heart Asso-
ciation Task Force on Clinical Practice Guidelines
[published correction appears in J Am Coll Car-
diol. 2018 May 15;71(19):2275-2279]. J Am Coll
Cardiol.  2018;71(19):e127-e248.  doi:10.1016/j.
jacc.2017.11.006

3. McDonagh TA, Metra M, Adamo M, et al. 2021
ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure [published correction
appears in Eur Heart J. 2021 Oct 14;:]. Eur Heart
J. 2021;42(36):3599-3726. doi:10.1093/eurheartj/
ehab368

4. Kidney Disease: Improving Global Outcomes (KDI-
GO)Diabetes Work Group. KDIGO 2022 Clinical Prac-
tice Guideline for Diabetes Management in Chronic
Kidney Disease. Kidney Int. 2022;102(5S):S1-S127.
doi:10.1016/j.kint.2022.06.008

5. Tseng DS, Kwong J, Rezvani F, Coates AO. Angio-
tensin-converting enzyme-related cough among Chi-
nese-Americans. Am J Med. 2010;123(2):183.el1-
183.e1.83E15. doi:10.1016/j.amjmed.2009.06.032

6. Borghi C, Cicero AF, Agnoletti D, Fiorini G.
Pathophysiology of cough with angiotensin-convert-
ing enzyme inhibitors: How to explain within-class
differences?. Eur J Intern Med. 2023;110:10-15.
do0i:10.1016/j.€jim.2023.01.005

7. Kaufman J, Casanova JE, Riendl P, Schluet-
er DP. Bronchial hyperreactivity and cough due to
angiotensin-converting enzyme inhibitors. Chest.
1989;95(3):544-548. doi:10.1378/chest.95.3.544

8. Cottin V, Cordier JF. Bronchospasme, toux, et
bronchiolite iatrogéniques médicamenteux. Aspects
¢tiologiques et physiopathologiques [latrogenic
drug-induced bronchospasm, cough, and bronchiol-
itis. Etiologic and physiopathologic aspects]. Rev Mal
Respir. 1996;13(4):339-360.

9. Tenenbaum A, Grossman E, Shemesh J, Fisman
EZ, Nosrati I, Motro M. Intermediate but not low
doses of aspirin can suppress angiotensin-convert-
ing enzyme inhibitor-induced cough. Am J Hy-
pertens. 2000;13(7):776-782. doi:10.1016/s0895-
7061(00)00268-5

10. Tumanan-Mendoza BA, Dans AL, Villacin LL, et
al. Dechallenge and rechallenge method showed dif-
ferent incidences of cough among four ACE-Is. J Clin
Epidemiol. 2007;60(6):547-553. doi:10.1016/j.jcline-
pi.2006.06.017

11. Reisin L, Schneeweiss A. Spontaneous disap-
pearance of cough induced by angiotensin-convert-
ing enzyme inhibitors (captopril or enalapril). Am
J Cardiol. 1992;70(3):398-399. doi:10.1016/0002-
9149(92)90630-h

12. Sato A, Fukuda S. A prospective study of frequen-
cy and characteristics of cough during ACE inhibitor
treatment. Clin Exp Hypertens. 2015;37(7):563-568.
do0i:10.3109/10641963.2015.1026040

This is an open access article distributed under the terms of Creative Common
Attribution-NonCommercial-NoDerivatives 4.0 International License.

DAHUDER Medical Journal Volume 4 Issue 1 January 2024

21


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

