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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Dry cough is a common and

well-documented side-effect of
angiotensin-converting enzyme inhibitor
(ACEi) treatment.

• The recommended course of action in case
of ACE-induced cough is substitution of the
ACEi with other antihypertensive agents.

• Misdiagnosis and mistreatment of
ACEi-induced cough has not been studied
before.

WHAT THIS STUDY ADDS
• In the general population, a significant and

clinically relevant proportion of patients
with ACE-induced cough are treated with
antitussive agents.

• These results suggest misdiagnosis and
mistreatment of a well-known side-effect.

• The estimated frequency of antitussive
treatment of ACEi-induced cough is 15%.

AIMS
Angiotensin-converting enzyme inhibitors (ACEi) are frequently
prescribed for various cardiovascular and renal diseases. A common
side-effect of these drugs is a persistent dry cough. Physicians who
fail to recognize a dry cough to be ACEi-related may attempt to treat it
with antitussive agents instead of recommended ACEi substitution.
Prescription behaviour in the general population considering treatment
of the side-effect with antitussive agents has not been studied before.

METHODS
Drug dispensing data between 2000 and 2007 were retrieved from the
IADB.nl database. A prescription sequence symmetry analysis was used
to determine whether antitussive agents were prescribed more often
following ACEi initiation than the other way around. A logistic
regression model was fitted to determine predictors.

RESULTS
We identified 27 446 incident users of ACEi therapy. One thousand and
fifty-four patients were incident users of both ACEi and antitussives
within a half-year time span. There was an excess of patients being
prescribed antitussive agents after ACEi initiation (703 vs. 351),
adjusted sequence ratio 2.2 [confidence interval (CI) 1.9, 2.4]. Female
patients were more likely to be prescribed antitussive agents following
ACEi therapy initiation, odds ratio 1.4 (CI 1.1, 1.9), age and
co-medications were not significant predictors.

CONCLUSIONS
There was a significant and clinically relevant excess of patients
receiving antitussives after ACEi initiation. The results suggest that
cough as a side-effect of ACEi is not recognized as being ACEi-related
or is symptomatically treated with antitussive agents instead of ACEi
substitution. The estimated frequency of antitussive treatment of
ACEi-induced dry cough is 15%.
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Introduction

Angiotensin-converting enzyme inhibitors (ACEi) can be
prescribed for various cardiovascular and renal diseases.
Cardiovascular indications for ACEi therapy include hyper-
tension and prevention of myocardial infarction, stroke
and heart failure [1]. In chronic kidney disease, ACEi are
renoprotective in both diabetic [2] and nondiabetic
patients [3, 4]. Unfortunately, a well-documented side-
effect of ACEi is a persistent dry cough, the frequency of
which ranges from 5–20% [5, 6]. The side-effect usually
develops within a few weeks after ACEi initiation; is not
dose-dependent and is more common in women [5, 7, 8].
The persistent and troublesome nature of the cough often
warrants discontinuation of the ACEi, after which the side-
effect will usually abate within a few days [9, 10]. Substitu-
tion of the ACEi with alternative agents, preferably
angiotensin II antagonists, is recommended [9, 11].

Despite the fact that ACEi-associated cough is well
documented, some studies have noted a delay in the
correct diagnosis of the side-effect [12], possibly related to
poor knowledge of the side-effect and the recommended
course of action [13]. In patients with congestive heart
failure the side-effect might be overlooked because it may
be ascribed to pulmonary congestion [5].Patients in whom
a dry cough is not recognized to be ACEi-related,which can
often easily be determined by means of a dechallange test
[14], might be subjected to extensive and unnecessary
evaluations, diagnostic tests, and consultations. Physicians
may attempt to treat the cough with antitussive agents [5,
12], such as noscapine or codeine. Prescribing antitussive
agents for ACEi-induced dry cough instead of ACEi treat-
ment substitution constitutes irrational pharmacotherapy
[5, 12, 15].

In the present study we analysed whether there is an
excess of antitussive treatments following ACEi initiation.
Such prescription behaviour would indicate that ACEi-
induced cough is either not recognized or, arguably irratio-
nally, treated with antitussive agents by physicians and
pharmacists.The influence of patient characteristics on this
irrational prescription behaviour was determined.

Methods

Drug dispensing data at the individual level were retrieved
from the IADB.nl database, which holds prescription
records of approximately 500 000 individuals. In the
IADB.nl database, each prescription record contains basic
patient characteristics (anonymous identifier, gender and
date of birth) and information on drug name, anatomical
therapeutic chemical (ATC) code, dosage, and dispensing
date (http://www.IADB.nl) [16, 17]. The use of over-the-
counter drugs and in-hospital prescriptions are not
included. Due to high patient commitment to their phar-
macy in the Netherlands [18], complete medication histo-

ries of individuals could be retrieved. Data between
January 2000 and December 2006 were used for the
analyses.

All incident users of both ACEi (ATC codes‘C09A’;‘C09B’)
and antitussive agents (ATC code ‘R05D’) were identified.
Incidence was defined as not having been prescribed the
drug in question for at least 1 year while being known in
the database for that period. A prescription sequence sym-
metry analysis was used to determine whether antitussive
agents were prescribed more often following ACEi initia-
tion than the other way around [19]. To this end, incident
users of both treatments with a half-year time span of each
other were selected for analysis.The number of individuals
starting ACEi first and antitussive agents second, divided
by the number of individuals starting antitussive agents
first and ACEi second, is called the sequence rate. This
sequence rate is an estimate of the incidence rate ratio of
antitussives prescribing in ACEi-exposed vs. non-exposed
person time [19, 20]. The calculated sequence rate should
be adjusted for time trends in use of the study drugs,
because if a drug is prescribed with increasing incidence
there will be a nonspecific excess of that drug being pre-
scribed last. The rationale, advantages and limitations of
the prescription sequence analysis and the adjustment for
time trends in drug use are discussed in detail elsewhere
[19, 20].

A multivariate logistic regression model was fitted on
the data to determine predictors of being prescribed anti-
tussive agents following ACEi therapy initiation. Specifi-
cally, we focused on age; sex; comorbidity obstructive
airway disease (by proxy of ATC codes ‘R03’); comorbidity
diabetes mellitus (by proxy of ATC codes ‘A10’); and
co-medication of angiotensin II antagonists (ATC codes
‘C09C’ and ‘C09D’); b-blockers (ATC codes ‘C07’); calcium
channel antagonists (ATC codes ‘C08’); and diuretics
(ATC codes ‘C03’). Co-medication was defined as having
received a minimum of three prescriptions for the drug(s)
in question within a time interval of 1 year. The model was
also adjusted for the date of ACEi prescription. Statistical
analyses were performed using SPSS, version 15.0 (SPSS
Inc., Chicago, IL, USA).

Results

We identified 27 446 incident users of ACEi therapy. Of
these, 1082 patients were selected who were incident
users of antitussive agents before or after a half-year time
span of ACEi initiation. Twenty-eight patients (2.6%)
started both therapies on the same day and were excluded
from the analysis. In the remaining group of 1054 patients,
the mean age at ACEi initiation was 65.3 years (SD 13.9);
61.3% were female, 11.6% had recorded use of medication
for obstructive airway diseases and 18.8% for diabetes
mellitus.
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Of the 1054 patients, 703 started ACEi therapy first
and antitussive agents second against 351 patients who
started antitussive therapy first, yielding a sequence ratio
of 2.0 [95% confidence interval (CI) 1.8, 2.3]. Adjusted for
incidence trends in drug use, the sequence ratio was 2.2
(95% CI 1.9, 2.4).

Multivariate logistic regression analysis (Table 1)
showed that female patients were more likely to be pre-
scribed antitussive agents following ACEi therapy initia-
tion, while age and co-medications were not significant
predictors.

Discussion

Although ACEi-induced dry cough is a well-documented
side-effect, prescription behaviour in the general popula-
tion considering treatment of the side-effect with antitus-
sive agents has not been studied before. Prescribing
antitussive agents for ACEi-induced cough instead of ACEi
treatment substitution constitutes irrational pharmaco-
therapy, because of avoidable polypharmacy [15], low
evidence of effectiveness of the antitussives [5, 12] and
exposure to side-effects of the antitussive agents, which
include drowsiness and nausea.

Our data identified 27 446 incident users of ACEi
therapy; 2745 of those can be expected to have developed
an ACEi-induced dry cough, assuming a frequency of 10%
[6]. The prescription symmetry analysis revealed a crude
excess of 703–351 = 352 patients with the prescription
order ACEi–antitussive. Adjusting for incidence trends in
use of the study drugs resulted in an excess of 376 patients,
which can be considered an estimate of the number of
antitussive treatments attributable to ACEi-induced cough
[19]. Therefore, the estimated frequency of antitussive
treatment of the side-effect within half a year of ACEi ini-
tiation is 376/2745 = 15.2%. It should be noted that this
estimate is inversely related to the assumed prevalence of
ACEi-induced cough.

Multivariate logistic regression analysis confirmed that
women are more likely to develop an ACEi-induced cough
[5, 7, 8]. Age and comorbidities were not found to influence
the prescription order, confirming earlier studies in which
no other predictive factors for ACEi-induced dry cough
other than gender were identified [5]. Albeit nonsignifi-
cantly, recorded use of co-medication for diabetes mellitus
and calcium channel antagonists showed an increased
odds ratio for the prescription order ACEi–antitussive
agent. Possibly, physicians are unwilling or hesitant to sub-
stitute ACEi therapy in these frail patient groups because of
the cardiovascular- and renoprotective properties of ACEi.

Possibly, the physicians in our study did recognize the
dry cough as an ACEi-induced side-effect and discontin-
ued or substituted ACEi therapy, but also prescribed an
antitussive agent for symptomatic treatment. ACEi-
induced cough is often not susceptible to antitussive treat-
ment [5, 12]. However, we performed a second analysis in
which we excluded patients who, after the first antitussive
prescription,did not receive new ACEi prescriptions; results
were similar, adjusted sequence ratio 1.7 (95% CI 1.4, 1.9).
Therefore, antitussive agents are prescribed for ACEi-
induced cough while the ACEi treatment is continued.

In our analysis incident users of ACEi and antitussive
agents within a half-year time span were included. To test
the validity of this time span, an exploratory analysis with a
1-year time span was performed. The prescription asym-
metry of first antitussive prescription before and after ACEi
initiation is shown in Figure 1. Most of the excess of anti-
tussives are prescribed within half a year of ACEi initiation,
validating the half-year time-span chosen in our analysis.

Conclusion

We found a significant and clinically relevant excess of
patients receiving antitussive agents following the first
half-year after ACEi initiation. This prescription sequence
asymmetry suggest that the dry cough is either not recog-
nized as being ACEi-related or symptomatically treated

Table 1
Predicting factors for receiving antitussive agents following angiotensin-converting enzyme inhibitor (ACEi) initiation over the opposite prescription order,
total study population of 1054

Variable n (%) Odds ratio 95% confidence interval

Date of ACEi prescription (per month) 1.00 (0.99, 1.00)
Age (per year) 1.00 (0.99, 1.01)

Female gender 646 (61.3) 1.45 (1.11, 1.90)
Recorded use of co-medication

Obstructive airway disease 122 (11.6) 1.18 (0.78, 1.80)
Diabetes mellitus 198 (18.8) 1.40 (0.99, 1.98)
AT-2 antagonists 23 (2.2) 0.93 (0.39, 2.26)
b-Blockers 358 (34.0) 1.01 (0.76, 1.33)
Calcium channel antagonists 110 (10.4) 1.52 (0.96, 2.42)
Diuretics 298 (28.3) 0.84 (0.63, 1.14)

S. Vegter & L. T. W. de Jong-van den Berg

202 / 69:2 / Br J Clin Pharmacol



with antitussive agents instead of the pharmacotherapeu-
tically more rational ACEi substitution with other agents
such as angiotensin II antagonists. The estimated fre-
quency of antitussive treatment of the ACEi-induced dry
cough is 15%.
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Figure 1
Prescription asymmetry of first antitussive prescription within 1 year
before or after angiotensin-converting enzyme inhibitor (ACEi) initiation
(n = 1802)
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