
J Clin Epidemiol Vol. 48, No. 6, pp. 851-857, 1995 

0895-4356(94)00231-2 
Copyright 0 1995 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0895-4356/95-$9.50 + 0.00 

ANGIOTENSIN CONVERTING ENZYME INHIBITOR 
ASSOCIATED COUGH: A POPULATION-BASED 

CASE-CONTROL STUDY 

L. E. VISSER,’ B. H. CH. STRICKER, 2.4* J VAN DER VELDEN,’ A. H. P. PAES’ 
and A. BAKKER’ 

‘Department of Pharmacoepidemiology & Phannacotherapy, Utrecht Institute of Pharmaceutical 
Sciences, Utrecht, ?Netherlands Centre for Monitoring of Adverse Reactions to Drugs, Rijswijk, 
jNetherlands Institute for Primary Health Care, Utrecht and 4Department of Epidemiology and 

Biostatistics, Pharmacoepidemiology Unit, Erasmus University, Rotterdam, The Netherlands 

(Received 16 June 1994; received for publication 6 December 1994) 

Abstract-The objectives of this study were to determine the risk for coughing as an 
adverse reaction to angiotensin converting enzyme (ACE) inhibitors under everyday 
circumstances in a large population and to study whether this adverse effect is more 
common in women. A population-based case-control study was used. The study was set 
in the practices of 161 Dutch general practitioners (GPs), in which all consultations, 
morbidity, mortality, medical interventions and prescriptions were registered during 
4 consecutive 3-month periods in 4 consecutive groups of 40-41 GPs. The subjects 
were 2436 patients with incident coughing and up to 3 controls per case were obtained 
(total group: 7348 controls), matched for GP and a contemporary consultation in the 
same 3 months. All cases and controls were 20 years or older and had no notification 
of respiratory infections, influenza, tuberculosis, asthma, chronic bronchitis, 
emphysema, congestive heart failure, sinusitis, laryngitis, haemoptysis or respiratory 
neoplasms during the 3-month period. The results showed that cases were 3.6 times as 
likely as controls to have been exposed to ACE inhibitors (95% CI: 2.4-5.5) but after 
adjustment for potential confounders the odds ratio was 2.5 (95% CI: 1.6-3.9). The 
crude odds ratio for males was 2.7 (95% CI: 1.4-5.1) and for females 4.2 (95% CI: 
2.4-7.5). The adjusted odds ratio for males was 1.8 (95% CI: 0.9-3.5) and for females 
2.7 (95% CI: 1.5-4.8). Cases were 2.7 (95% CI: 1.3-5.9) and 3.9 (95% CI: 2.3-6.5) times 
as likely as controls to have been exposed to captopril and enalapril, respectively but 
the adjusted odds ratio for enalapril, 2.3 (95% CI: 1.4-3.9) was higher than for 
captopril, 1.8 (95% CI: 0.8-3.8). In conclusion we can say that the risk for coughing 
is increased two- to threefold among ACE inhibitor users. Although the odds ratio for 
females is higher than the odds ratio for males, the difference is modest. 
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INTRODUCTION and coughing, this association has been well 

Since anecdotal reports began to appear in the documented.-Coughing is probably related to 

literature in the early 198Os, linking captopril the pharmacological effect of the angiotensin 
converting enzyme (ACE) inhibitors. All ACE 
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cough reflex or alterations in prostaglandins, 
bradykinin or substance P. Many predisposing 
factors have also been reported to be related to 
the development of coughing, e.g. age, dose, 
duration of therapy, smoking status and use 
of p-blockers. Isolated case reports and a 
number of small or uncontrolled studies suggest 
coughing to be sex related, with women more 
likely to experience this side effect [l-18]. 
This finding has been challenged by others 
however [19,20]. 

The reported frequency of coughing to 
ACE inhibitors varies widely in the literature, 
depending on the populations under study 
and the methodological approaches used. 
Two large-scale postmarketing studies with 
unselected patient populations yielded much 
lower incidence estimates than did the studies 
in hospital or tertiary clinics [21,22]. In some 
studies, the frequency of coughing to ACE 
inhibitors was expressed as an incidence rate 
whereas in others cumulative incidences or 
prevalence estimates were used. Most studies 
were uncontrolled or inadequately controlled. 
In some follow-up studies, for instance, users of 
calcium-antagonists and thiazide diuretics were 
used as control groups [lo, 12, 13,23-251. 
Whether this was a good choice is questionable, 
because the indications for use of these drugs 
may differ from the reason for use of ACE 
inhibitors. Moreover, both pharmacological 
groups have been suggested to be protective 
against ACE inhibitor-induced coughing 
[26,27]. There appears to be only one study in 
which along with a frequency estimate a risk 
estimate was also calculated [25]. This study, 
however, comprised a relatively small patient 
population. 

In the light of these observations, we 
conducted the present population-based case- 
control study in order to obtain a risk estimate 
of coughing to ACE inhibitors under everyday 
circumstances in a large population. Second, 
we studied whether this adverse effect is more 
common in women. 

METHODS 

Data source 

From 1 April 1987 to 1 April 1988 a National 
Survey of General Practice was conducted 
in the Netherlands. A random sample of the 
total population of general practitioners (GPs) 
in the Netherlands was taken, stratified by 
degree of urbanization, by region, and by dis- 

tance from the hospital. This resulted in the 
participation of 161 established GPs, covering 
a catchment population of approx. 335,000 
persons (52% females). All consultations, mor- 
bidity data, prescriptions and other medical 
interventions were registered during 3 months 
in 4 consecutive groups of 40-41 GPs. The 
database consisted of 168,021 consulting 
patients with a total of 361,018 consultations 
[28]. The following information contained in 
the National Survey has been taken into con- 
sideration for the purpose of this study: GP 
and patient identification codes; patient age and 
sex; reasons for consultation (symptoms and 
diagnoses) as well as concurrent diseases 
and data on prescribed drugs. Morbidity data 
were coded according to the International 
Classification of Primary Care (ICPC) [29] and 
prescription data according to the Anatomical 
Therapeutic Chemical (ATC) classification 
scheme, as recommended by the WHO [30]. 
At the time of data collection the only avail- 
able ACE inhibitors in The Netherlands were 
captopril and enalapril. 

Design 

In order to determine the risk for coughing 
as an adverse reaction to ACE inhibitors, a 
case-control study was performed. Potential 
cases comprised all patients aged 20 years and 
older, who consulted a GP for coughing for 
the first time during the 3-month period (inci- 
dent cases). Hence, case patients were counted 
once even if they had had two incident episodes 
of coughing during the study period. Three 
matched controls for every case were randomly 
selected from the patients who had had at least 
one consultation during the 3-month period 
with the same GP as the case and who had 
not reported coughing during that period. 
Cases and controls were excluded if any of the 
following diseases were registered as additional 
diagnosis or as underlying disease: respiratory 
infections; influenza; tuberculosis; asthma; 
chronic bronchitis; emphysema; congestive 
heart failure; sinusitis; laryngitis; haemoptysis 
or respiratory neoplasms. 

Data analysis 
To ensure that the period of possible exposure 

to the drug of interest was identical in cases and 
controls and to control for seasonal variations 
in morbidity and prescriptions, the date of first 
consultation for coughing of the case was used 
as a reference point for the determination of 
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exposure in cases and controls. For each last 
prescription of an ACE inhibitor prior to the 
reference date, a treatment course was calcu- 
lated from the number of prescribed tablets 
divided by the prescribed number of tablets 
per day. The length of the treatment course was 
multiplied with a factor of 1.1 with a minimum 
of 2 days and a maximum of 14 days in order 
to control for residual drug effects and moderate 
undercompliance. Subjects were defined as users 
if the reference date fell between the start and 
stop date of the estimated treatment course. 

The odds ratio of exposure to ACE inhibitors 
among patients with coughing, compared to 
control patients, was calculated as a crude odds 
ratio with a 95% confidence interval (95% CI). 
Only matched analyses were performed in this 
study. For each potential co-factor a crude 
exposure odds ratio was calculated. The follow- 
ing variables were considered as potential con- 
founders: age; gender; number of prescriptions; 
number of consultations; use of nonsteroidal 
anti-inflammatory drugs (NSAID), P-blockers 
[31], thiazides [27] or calcium-antagonists [26] 
and smoking status. Factors that caused a 
change in the crude odds ratio of use of ACE 
inhibitors of at least 5% were included in the 
multivariate model, applying conditional logis- 
tic regression [32] with the EGRET statistical 
package [33]. Subanalyses were performed for 
users of captopril and enalapril, by applying 
the same multivariate models. Furthermore, we 
investigated whether this side effect was dose- 
dependent, using the same conditional model 
with 3 dose levels. A separate analysis was 
performed with a case definition encompassing 
all acute respiratory infections. 

RESULTS 

There was a total of 1602 patients in the study 
base who had been prescribed an ACE inhibitor 

during the 3-month period. 698 had been pre- 
scribed captopril (44%) and 904 enalapril. 
In this group, coughing was reported by 155 
patients giving a period prevalence of 9.7%. 
In the rest of the population (166,419 patients), 
coughing was registered in 10,907 patients 
(period prevalence: 6.6%), which would be 
compatible with a risk difference of 3.1%. 
Of the total number of patients with coughing 
(n = 11,062), 2436 were incident cases without 
a concurrent respiratory disease or congestive 
heart failure. The control group consisted of 
7348 patients without concomitant respiratory 
illness or heart failure. Although it was not 
possible to find 3 controls for every case, all 
cases had at least 2 and the large majority of 
cases 3 matched controls. 

A comparison of cases and controls is shown 
in Table 1. Several differences emerged which 
could explain differences in exposure frequency 
between cases and controls, irrespective of a real 
association between ACE inhibitors and cough- 
ing. Cases and controls were similar in age and 
there were slightly more women in the control 
group. Cases received significantly more pre- 
scriptions and had more consultations per per- 
son during the 3-month period than the control 
group. Patients without coughing were more 
likely to be taking B-blockers and NSAID. 
Numbers of prescriptions for calcium-antagon- 
ists and thiazides were not significantly different 
between cases and controls. Patients with 
coughing were more likely to be smokers. Fac- 
tors were included in the model to study their 
effect upon the crude estimate. 

Of the cases, 47 (1.9%) were identified as 
users of ACE inhibitors, against 39 (0.5%) of 
the controls. The results of the logistic 
regression analyses without (crude) and with 
(adjusted) controlling simultaneously for con- 
founding variables are presented in Table 2. 

Table 1. Comparison of cases and controls matched for GP 

Mean aae in years (SD) 
Females-(%) - ’ 
Mean No. prescriptions 
Mean No. consultations 
ACE inhibitors* 
NSAID’ 
/l-blockers* 
Thiazides* 

Cases 
(n = 2436) 

46.7 (17.7) 
143 1(590/d) 

2.14 
2.46 

47(1.9%) 
166 (6.8%) 
89 (3.7%) 
31 (1.3%) 

Controls 
(n = 7348) 

46.9 (18.3) 
4557 (62%) 

1.46 
2.36 

39 (0.5%) 
737 (10%) 
429 (5.8%) 
91 (1.2%) 

Odds ratio 
(95% CI) or o-value 

I  -  

p = 0.714 
0.87 (0.79-0.96) 

p < 0.0001 
p = 0.0016 
3.6 (2.4-5.5) 

0.65 (0.5-0.7) 
0.6 (0.5-0.7) 
1 .o (0.7-I .5) 

Ca-antagonists* 13 (o.s%j 64 (0.9xj 0.6 (0.3-i .i j 
Smoking 62 (2.5%) 35 (0.5%) 5.5 (3.6-8.4) 

*Number of cases and controls who were exposed to the drug on the index day. 



854 L. E. Visser et al. 

Table 2. Crude and adjusted odds ratios (OR) for exposure to ACE inhibitors 

Overall Females Males 

Crude OR Adjusted OR Crude OR Adjusted OR Crude OR Adjusted OR 

All ACE inhibitors 3.6 (2.4-5.5) 2.5 (1.6-3.9) 4.2 (2.4-7.5) 2.7 (1.5-4.8) 2.7 (1.4-5.1) 1.8 (0.9-3.5) 
Captopril 2.7 (1.S5.9) 1.8 (0.8-3.8) 2.4 (0.8-7.1) 1.5 (0.5-4.5) 3.1(1.02-9.5) 2.3 (0.7-7.1) 
Enalapril 3.9 (2.3-6.5) 2.3 (1.4-3.9) 5.3 (2.6-10.8) 3.4 (l-7-7.0) 2.4(1.15.4) 1.7 (0.7-3.9) 

Exposure odds ratios with a value of unity outside the 95% confidence interval are printed in bold. 

Cases were 3.6 times as likely as controls to 
have been exposed to ACE inhibitors (95% CI: 
2.4-5.5) but after adjustment the odds ratio 
was 2.5 (95% CI: 1.6-3.9). When results were 
analysed according to sex a crude odds ratio of 
4.2 (95% CI: 2.4-7.5) was found for females 
which declined to 2.7 (95% CI: 1.5-4.8) after 
adjustment. For males, the crude odds ratio was 
2.7 (95% CI: 1.4-5.1) and 1.8 (95% CI: 0.9-3.5) 
after adjustment. Patients with coughing were 
2.7 (95% CI: 1.3-5.9) and 3.9 (95% CI: 2.3-6.5) 
times as likely as control patients to have been 
exposed to captopril and enalapril, respectively 
but after adjustment only the odds ratio for 
exposure to enalapril remained significant. Sub- 
analyses for captopril and enalapril according to 
sex yielded significant crude and adjusted values 
for females on enalapril but not on captopril 
(Table 2). Although the crude exposure odds 
ratio was significant for captopril in males, 
adjusted odds ratios were nonsignificant in 
males for both captopril and enalapril. A dose- 
response relationship could not be observed for 
captopril as the crude odds ratio increased from 
2.0 (95% CI: 0.3-12.2) in those treated with 
doses of 25 mg or less per day, via 2.2 (95% CI: 
0.7-6.9) in those treated with 25-50 mg per day, 
to 2.1 (95% 71: 0.4-12.2) for those patients 
treated with doses of more than 50 mg per day. 
For enalapril, the crude odds ratio was 3.3 (95% 
CI: 1.5-7.0) in those treated with a dose of 
10 mg or less per day, 5.3 (95% CI: 2.2-12.7) in 
patients on lo-20 mg per day, and 4.5 (0.8-27.2) 
in those using doses of more than 20 mg per day. 

A separate analysis of the aforementioned 
data with a case definition including acute 
respiratory infections revealed similar results 
and is therefore not demonstrated here. 

DISCUSSION 

In this study, we assessed the risk for 
coughing in relation to treatment with ACE 
inhibitors in a large population under everyday 
circumstances. The results suggest that the risk 
for coughing is increased two- to threefold 
among patients exposed to ACE inhibitors. 

Although our findings could be compatible 
with the previously made suggestion that 
coughing may occur more frequently to 
enalapril [2, 18, 19,34,35], especially as the 
adjusted odds ratio for exposure to captopril 
was nonsignificant. On the other hand, there is 
no doubt that captopril may cause coughing 
and we think that if a difference between the 
odds ratios of exposure to enalapril and 
captopril exists, it is only modest. In our study, 
the exposure odds ratio for females was higher 
than that for males as the odds ratio of 2.7 
and 3.4 in the adjusted analyses for all ACE 
inhibitors and for enalapril, respectively was not 
demonstrated in males. This is in line with 
earlier suggestions [l-18]. Why the exposure 
odds ratio in women is higher than in men is 
speculative. There are several possible expla- 
nations. First, women might visit their GP 
more readily and might thus be more easily 
recognized or diagnosed as coughing. As we 
controlled for the number of consultations 
and prescriptions, however, this explanation is 
not very likely. Second, women might be more 
sensitive to bradykinin, prostaglandins or sub- 
stance P, for instance by a difference in receptor 
population or sensitivity, or develop higher 
levels to ACE inhibitors. Third, there could 
be other known or unknown gender-related 
co-factors that might explain this difference and 
which were not controlled for in this study. 
Although the difference seems to be fairly 
modest, the consequences for public health may 
be substantial as the exposure prevalence to 
ACE inhibitors increases. 

Although potential biases must be considered 
in interpreting the results of any case-control 
study, we think that most of these were 
adequately dealt with. Selection bias was not 
very likely to occur for two reasons. First, all 
consultations were registered, all cases who 
met the entry criteria were included in the study 
and selection of the control subjects was per- 
formed at random and independent of drug use. 
Second, during the classification of symptoms 
and diseases, GPs were not aware of the 



research hypothesis and no selection was made 
by the GP. Although it must be emphasized 
that the fact that not all patients will consult 
their GP because of coughing means that some 
selection inevitably occurs, it does not necess- 
arily mean that this will bias the risk estimate. 
To control for this potential bias, the reference 
group consisted of patients who had consulted 
the GP in the same 3-month period. This 
reference group was also chosen to ensure that 
patients were alive and present in the catchment 
area and thus eligible for visits to the GPs and 
for filling a prescription, in order to prevent 
a spurious overestimation of the odds ratio. 
Recall bias could not have played a role as the 
case-control study made use of data which were 
already gathered before disease onset. Another 
type of information bias might occur, however, 
if GPs were more likely to diagnose coughing in 
users of ACE inhibitors than in other patients. 
Information bias could also be the result of 
patients who presented themselves to their GP 
with captopril or enalapril-associated coughing 
after reading the data sheet. As adverse 
reactions encountered during the National 
Survey were registered as such and because none 
of the patient visits for coughing were registered 
as adverse reactions, this seems unlikely as a 
substantial source of information bias. Because 
many GPs were not yet aware of the association 
between ACE inhibitors and coughing in 1987, 
cases of coughing may have been misclassified 
as acute respiratory disease, bronchitis, asthma 
or worsened cardiac failure. As patients with 
such diagnoses were also excluded from the 
control group, this does not necessarily 
jeopardize a valid estimation of the odds ratio. 
This assumption is endorsed by the fact that 
a re-analysis with a case definition consisting 
of coughing or acute respiratory infections did 
not substantially change our risk estimates. 
Misclassification might, however, lead to an 
underestimation of the incidence of respiratory 
adverse effects to ACE inhibitors, especially in 
view of the aforementioned fact that not all 
patients go to their GP because of coughing. 
Misclassification of disease in control patients 
might occur if they suffered from coughing, 
but did not present this complaint to the GP. 
Even if this occurred, however, it is unlikely that 
many controls were coughing during the short 
time window in which they were matched to 
cases. Moreover, coughing during the same 
period as the matched case without consulting 
the GP will introduce a bias towards the null 
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hypothesis and thus lead to a conservative esti- 
mation of the odds ratio. Criteria for defining 
exposure should also be evaluated. Subjects 
were only considered as exposed if the reference 
date fell between the start and stop date of the 
last prescription which had been filled prior to 
the occurrence of coughing. Subjects who filled 
a prescription of an ACE inhibitor outside the 
time frame between this reference date and the 
beginning of the data collection, may have been 
misclassified as nonexposed. This nondifferen- 
tial misclassification will lead to a conservative 
estimation of the odds ratio. Subjects may also 
have been misclassified as nonexposed, if they 
received a prescription of an ACE inhibitor 
from a medical specialist. As the percentages of 
patients under treatment of a cardiologist or a 
specialist in internal medicine was low and not 
significantly different between cases (2.7%) and 
controls (3.3%) (p = 0.18), such an effect is 
probably negligible. An important point is the 
control for confounding bias which lowered our 
estimates of the odds ratios in the multivariate 
analysis. The adjusted odds ratios remained 
statistically significantly away from unity, 
except in males. It should be noted that the 
crude odds ratio estimates were influenced most 
by the adjustments for gender, number of 
consultations, number of prescriptions and use 
of NSAID and p-blockers. In our study, 
patients who coughed had received significantly 
less prescriptions of p-blockers. This is not 
compatible with an earlier study suggesting 
that /?-blockers predispose to ACE inhibitor- 
induced coughing [31]. The meaning of the 
low crude odds ratio for use of NSAID and 
fl-blockers is unclear. Some NSAID, e.g. 
sulindac, have been advocated in the treatment 
of coughing to ACE inhibitors which would be 
in line with a low odds ratio. A lower exposure 
prevalence of p-blockers in cases has also been 
noted by others [3]. A likely explanation is that 
some medical practitioners attributed coughing 
to chronic obstructive lung disease or asthma, 
conditions in which p-blockers and NSAID are 
contra-indicated. This would explain why the 
exposure prevalence in cases was lower than in 
controls but also that-even though cases and 
controls with these concurrent diagnoses were 
excluded-some misclassification may have 
occurred. Although in our study smoking 
appeared to be related to the outcome of inter- 
est, there was no relationship with exposure to 
ACE inhibitors. Hence, smoking was not con- 
sidered as a confounding variable in this study. 
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It should be emphasized, however, that the for coughing is increased two- to threefold in 
registered number of smokers in the database users of ACE inhibitors and that this increase 
was far below the expected percentage in The in mainly seen in women. In view of the fact 
Netherlands. The latter is probably explained that other studies demonstrated the same under 
by the fact that few GPs register the smoking different circumstances, this gender-related 
status of their patients. Due to the short study effect justifies further study concerning the 
period of the National Survey, a duration-effect mechanism. 
relation could not be studied. For those persons 
who got their first prescription before the data 
collection started, it was not possible to deter- 
mine for how long they had been on ACE 
inhibitor treatment. As coughing may appear 
after 1 day as well as after 17 months [36], 
however, it may be questioned whether a 
duration-effect relationship would have been 
demonstrated. In our study, a dose-response 
relationship between coughing and captopril 
was not demonstrated, which is compatible with 
the literature [2,3,9,25]. Users of a daily dose 
below 10 mg of enalapril, however, had a 
slightly lower risk than users of higher daily 
doses. There was no evidence for a protective 
effect of calcium-antagonists or thiazides, as has 
been suggested elsewhere [26,27]. 

It is very difficult to compare studies of the 
frequency of ACE inhibitor-induced coughing 
in the literature. This is exemplified by the fact 
that the reported frequency of coughing varies 
from 0.5 to 39% of recipients [37]. This has 
several reasons. First, the risk estimate is given 
as a straightforward frequency in some studies 
but as point prevalence, period prevalence, 
incidence rate or cumulative incidence in others. 
Also, the length of the study period varies. 
Second, while some studies rely on spontaneous 
reporting, in other studies patients were 
specifically asked for coughing. Third, several 
studies comprise case series or small uncon- 
trolled studies with retrospective review of 
medical records, whereas the two largest studies 
so far were uncontrolled. Although there were 
also some controlled studies, these were small 
and not always representative of the use of 
ACE inhibitors under everyday circumstances. 
Fourth, the setting differs in studies from 
patients hospitalized in tertiary clinics to data 
gathered in an outpatient setting. Fifth, none 
of the studies was controlling for the number 
of consultations and prescriptions per patient. 
For these reasons, we performed this case- 
control study in a large population under every- 
day circumstances. The latter is an especially 
important feature of the actual situation in 
postmarketing surveillance. 

In conclusion, we demonstrated that the risk 
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