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With the increasing use of angiotensin converting enzyme inhibitors (ACEI) in the treatment 
of hypertension, particularly in diabetic patients, and heart failure, an annoying cough has frequently 
been observed. According to the post marketing surveillance studies, the prevalence of cough asso­
ciated with ACEI was only 0.1-4 per cent. However, many recent studies have observed a very much 
higher frequency. To examine the incidence and pattern of cough associated with the usage of ACEI 
(C-ACEI) in a Thai population, mixed retrospective and prospective studies were performed in hyper­
tensive patients who attended the out-patient department, Siriraj Hospital between December 1999 and 
August 2000. A thousand cases who had used or have been using ACEI were studied. C-ACEI was 
present in 179 cases of 760 retrospective studied cases (23.6%) and 75 cases of 240 prospective studied 
cases (31.3% ). Cough was typically described as irritative (93.8% retrospectively and 98.7% prospec­
tively, p = 0.05) and nocturnal in onset (74.9% retrospectively and 80% prospectively, p = 0.12), and 
usually appeared within the first 4 weeks of treatment (41.3% retrospectively and 46.7% prospectively, 
p = 0.43). Patients who received a full dosage of ACEI did not have to posses an increasing risk of 
C-ACEI. There was no difference in the prevalence of C-ACEI among types of ACEI, except cilazapril 
and quinapril which were found to be higher than enalapril in the retrospective study (p < 0.0001 and 
p = 0.002, respectively). Types of study were shown to influence the prevalence of C-ACEI. Prospec­
tive studies yielded a higher rate of C-ACEI than retrospective ones. 
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Angiotensin converting enzyme inhibitors 
(ACEI) had been shown to be highly effective in the 
treatment of congestive heart failure (CHF) by reduc­
ing pre-load and after-load pressureO ,2), nephro­
pathy by reducing intraglomerular pressure and reduc­
ing proteinuria(3,4), and diabetes mellitus (DM) by 
improving insulin sensitivity(5). More importantly, 
ACEI's had been shown to reduce clinical outcomes 
associated with hypertension such as stroke(6,7), 
cardiovascular eventsO), and new onset of DM(7,8). 
Unfortunately, a large number of patients experience 
adverse drug effects that limit the long-term usage of 
ACEI's. The most troublesome is a persistent dry 
cough, the prevalences of which were reported diffe­
rently among triats0.9-l2). Cough has been reported 
with low prevalence in many post marketing surveil­
lance studies, ranging from only 0.1 per cent (early 
studies) to 4.0 per cent(l3-l6), while the prevalence 
of cough reported in recent published literature were 
remarkably higherC7.12). Surprisingly, it was not even 
commented on in the study by Croog et a! on the 
effects of antihypertensive therapy on the quality of 
lifeCl7). The present study was carried out to obtain 
the epidemiological data on the incidence and pattern 
of cough associated with the usage of ACEI (C-ACEI) 
among Thai hypertensive patients. 

PATIENTS AND METHOD 
This study was carried out both retrospec­

tively and prospectively. The prevalence of C-ACEI 
was examined in a 1000-aimed case study. Medical 
records of hypertensive patients who attended the 
General Medicine Clinic and Hypertension Clinic, 
Siriraj Hospital were reviewed whether ACEI was 
prescribed as a part of treatment regimens. If the 
screening patients had taken ACEI regularly, the possi­
bility of C-ACEI would be looked for (retrospective 
cases). Meanwhile, an open-labeled study was also 
conducted simultaneously (prospective cases) in cases 
whose ACEI was not previously given and their cli­
nical characteristics were considered to get benefit 
from ACEI such as diabetes, proteinuria etc. Treat­
ment with ACEI was then initiated. Clinical responses 
and adverse effects were monitored for at least 6 
months. It was not considered as a case of C-ACEI, if 
no cough developed within the study period. Types of 
ACEI were chosen arbitrarily by physicians. Patients 
suffering from respiratory tract diseases such as chro­
nic obstructive pulmonary disease or bronchial asthma 
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were excluded from the study. Patients with a previous 
history of hyperkalemia, renal insufficiency or allergy 
to ACEI were also excluded. 

Surveillance of C-ACEI was systematically 
performed from 25th December 1999 until a total 
of 1,000 cases were achieved. C-ACEI was defined 
according to the following criteria: cough occurred 
during the usage of ACEI, no obvious symptoms 
and signs of upper respiratory tract infection such as 
fever, nasal stuffiness, runny nose, or sore throat and 
cough had to be resolved completely within 2 weeks 
after discontinuation of ACEI. Re-challenge of ACEI 
could not be performed as previously planned because 
of the patients' unwillingness. Characteristics of C­
ACEI e.g. onset, type of cough (dry or productive), 
paroxysmal or nocturnal, and accentuation of cough 
were examined. In addition, cough rates resulting from 
different ACEI usage were also studied. 

Statistical analyses 
Results were demonstrated as mean ± SD 

or per cent (%) where appropriate. Statistical analyses 
were performed using Statistical Packages for Social 
Sciences (SPSS) version 9.0. Student's t-test and Chi­
square test were used to compare the continuous and 
categorical data respectively. Univariate analyses were 
performed to identify the risks in developing C-ACEI. 
A p-value of< 0.05 was considered statistically sig­
nificant. 

RESULTS 
A total of 1,000 hypertensive patients who 

had received or were receiving ACEI treatment were 
recruited by the end of August 2000. Seven hundred 
and sixty cases (76%) and 240 cases (24%) were 
enrolled retrospectively and prospectively. The mean 
age of those retrospective studied patients was 58.2 ± 
11.3 years (19-86 years), of whom 476 cases (62.6%) 
were females, while that of the prospective studied 
patients was 59.9 ± 11.2 years (26-94 years), of whom 
149 cases (62.1 %) were females. One hundred and 
seventy nine retrospective studied patients (48 males 
and 131 females) had records of C-ACEI (23.6%), 
whereas 75 patients (23 males and 52 females) studied 
prospectively were diagnosed to have C-ACEI (31.3%) 
(31.3% vs 23.6%, p = 0.02, OR= 1.5, 95% CI = 1.1-
2.1 ). There were no significant differences in the mean 
age between C-ACEI and non C-ACEI groups among 
both retrospective (58.4 ± 10.7 years vs 58.1 ± 11.4 
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years, p = 0.29) and prospective type of studies (60.7 ± 
ll.O years vs 59.5 ± 11.3 years, p = 0.97). After taking 
ACEI, there was a significant increase in the preva­
lence of C-ACEI among females compared to males 
in the retrospective study (27.5% vs 16.9%, p = 0.001, 
OR= 1.9, 95% CI = 1.3-2.8). On the contrary, there 
was no significant difference in the prevalence of C­
ACEI between females and males in the prospective 
study (34.9% vs 25.3%, p = 0.12, OR= 1.6, 95% CI = 
0.9-3.0) (Table 1). 

Cough might occur at any time from the 1st 
week to the 32nd week in the retrospective study and 
from the I st week to the 24th week in the prospective 
counterpart. It commonly occurred within the first 
4 weeks of treatment in both retrospective and pro­
spective studies (41.3% vs 46.7%, p = 0.43) (Fig. l). 
There were only 3 retrospective cases (1.7%) who 
developed C-ACEI after 24 weeks, I case in the 28th 
week and 2 cases in the 32nd week. In the retrospec-

tive study, 134 cases reported that cough occurred 
during the nocturnal period (74.9% ), while 43 cases 
reported it occurred all the time (24.0%) (74.9% vs 
24.0%, p < 0.0001, OR= 9.7, 95% Cl = 5.8-16.3). 
Only 2 cases reported that the cough occurred during 
the daytime ( l.l% ). Similarly, 60 cases had cough 
during the nocturnal period (80%) and 15 cases had a 
cough all the time (20%) from the prospective study 
(80.0% vs 20.0%, p < 0.0001, OR= 16.0, 95% CI = 
6.7-38.9). There was no significant difference in the 
nocturnal onset of cough between retrospective and 
prospective data (p = 0.12). The cough was mostly 
described as irritative in character (93.8% retrospec­
tively and 98.7% prospectively, p = 0.05). The pre­
valence of cough associated with types of ACEI usage 
is shown (Table 2). 

A significant higher prevalence of female 
gender was observed in the retrospective study when 
the C-ACEI was compared to the non C-ACEI groups 

Table 1. Prevalence of cough associated with ACEI by gender. 

All/total % Male/total 
(n) (n) 

Retrospective study I79n6o 23.6 48/284 
Prospective study 75/240 31.3 23/91 
p-value*** 0.02* 0.11 

* p-value considered significant at 0.05 
** p-value compared between male and female 

*** p-value compared between prospective and retrospective data 
n = number of cases 
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Fig. 1. Onset of cough associated with ACEI, all cases. 
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Table 2. Prevalence of cough associated with types of ACEI usage during retrospective and prospective 
studies. 

Retros!?!:ctive stud~ (760 cases) 
Cases C-ACEI 

(n) (%) 

Enalapril 524 20.3 
Captopril 35 20.0 
Cilazapril 36 52.8 
Quinapril 79 35.4 
Ramipril 32 15.6 
Fosinopril 17 41.2 
Lisinopril 21 19.1 
Perindopril 16 18.8 

* p-value considered significant at 0.05 
** p-value compared with enalapril 

NonC-ACEI 
(%) 

79.7 
80.0 
47.2 
64.6 
84.4 
58.8 
80.9 
81.2 

Prospective study (240 cases) 
P-value** Cases C-ACEI Non C-ACEI 

(n) (%) (%) 

215 30.7 69.3 
0.97 14 21.4 78.6 

<0.0001* 2 0 100.0 
0.002* 3 60.7 39.3 
0.53 6 66.7 33.3 
0.60 
0.58 
0.89 

Table 3. Univariate analyses of patients' characteristics and prevalence of cough. 

C-ACE1 Non-C-ACEI P-value** OR 95%CI 

Retrospective study (n = 760) n = 179 
Female(%) 73.2 
Elderly(%) 64.8 

Prospective study (n = 240) n = 75 
Female(%) 69.3 
Elderly(%) 72.0 

* p-value considered significant at 0.05 
** p-value compared between C-ACEI and non-C-ACEI 
n = number of cases 

(73.2% VS 59.4% p = 0.001, OR= 1.9, 95% CI = 1.3-
2.8), whereas there was only a trend in the prospec­
tive study (69.3% vs 58.8%, p = 0.12, OR= 1.6, 95% 
CI = 0.9-3.0) (Table 3). There was no preponderance 
of C-ACEI in the elderly (age> 55 years) (Table 3). 
The onset of C-ACEI was then analyzed according 
to the dosage of ACEI. The dosages of ACEI's con­
sidered to be low were captopril of s 50 mg/d, enalapril 
of s 5 mg/d, cilazapril of s 2.5 mg/d, fosinopril of 
s 10 mg/d, lisinopril of s 5 mg/d, perindopril of s 2 
mg/d, quinapril of s 5 mg/d, and ramipril of s 2.5 mg/ 
d. C-ACEI was found in 58.1 per cent (1 04/179) of 
patients who used low dosages when studied retro­
spectively and 56.0 per cent (42175) in the prospec­
tive study. It appeared that the rates of cough were very 
high in the first 4 weeks in both the low and high 
dosage groups. In the prospective study, the rate of 
C-ACEI in the low dosage group was higher than the 
high dosage group (50.0% vs 42.4%, p = 0.15). On 
the contrary, it was the opposite when comparing the 

n = 581 
59.4 0.001* 1.9 1.3-2.8 
61.5 0.42 1.2 0.8-1.6 

n = 165 
58.8 0.12 1.6 0.9-3.0 
67.9 0.52 1.2 0.7-2.2 

rate of C-ACEI among the low to the high dosage 
groups (38.5% vs 45.3%, p = 0.41). The rates of C­
ACEI were gradually found less thereafter in both 
groups (Table 4). 

DISCUSSION 
Cough is a frequent adverse event of ACEI 

which creates a lot of trouble, embarrassment and 
anxiety to the patients. This usually leads to unneces­
sary investigations and treatments. Among white 
patients who received ACEI, the prevalence of cough 
was 5 per cent in those who received captopril(l8), 
9.2 per cent in enalapril09), and 8.3 per cent in 
benazepril(4). In the present study, the prevalence of 
C-ACEI was 31.3 per cent when studied retrospec­
tively and 23.6 per cent when studied prospectively 
which is much higher than that of many post market­
ing surveillance studiesC13-16). It showed that objec­
tive specific questions in the prospective study yielded 
a higher rate of C-ACEI than spontaneous reports of 
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cough in the retrospective study (31.3% vs 23.6%, p = 
0.02). The present study corresponded to that of Yeo 

t-0000r"l 
et al which showed that spontaneous reports of cough eli -oc>ooci-1'....; 0 

"'l"NN :::: 
Oi 

would yield lower rates of responses when compared 

~ to the active participation in answering well designed 

V)ll")tr)\Q('f"j- V) 

questionnaires(20). Therefore, the variability in the 
"' ...., -- r- frequency of C-ACEI among reports is probably due 

to study methods. 
The present study confirmed a remarkably 

~ ~~ 
~NN-00 high prevalence of C-ACEI among Asians. Higher Noc:i~o\~r-ri 0 

3 OJ "'1"-N :::: prevalence of C-ACEI were previously reported among "' "' OJ 0 
> "0 

Chinese in Hong Kong i.e. 41.8 per cent for enalapril ·.= .c 

~:I: and 46 per cent for captopriJ(IO). In the Heart Out-
2 "' V\000("")-- ...., 

comes Prevention Evaluation Study (HOPE), 340 of Q. 
...., 

4,645 patients (7.3%) aged 55 years or older discon-
tinued ramipril due to the presence of cough. There 

ovr--oo were 1,035 cases who were initially excluded from the eli c>....;-or--:"1' 8 V) N-
present trial partly due to adverse effects of the drug. 

:;! 
0 It was reported that half of the patients who had C-...J 

ACEI preferred to discontinue the given medication 
"' -0'-r--t""'NO N (21,22). Therefore, the prevalence of C-ACEI in the N "'l" 

HOPE study should be higher than what was reported 
0). Moreover, in the Swedish Trial in Old Patients 

(""'100t""1Nt"""'ll.l)r- with Hypertension-2 study (STOP-2), cough was the eli _;~N.....:N~......: 0 
Ill "'1"---- 0 most common reported adverse event in 11,048 ACEI Oil 

Oi ell treated patients (30.1%) aged between 70 and 84 years ~ ~ '"0 when the dropped out cases were included02). Simi-
'"0 

"' 
<o::tONONOOr"""'l a-

larly, in the present study, when 240 prospective c l"-MNNN ~ ell 

.c studied patients were evaluated separately, the rate 
Oil 
:::1 of C-ACEI (31.3%) was comparable to 30.1 per cent Q 
(.1 ;.., 

("'")!"'f")("t'")f"''i00r- observed in the STOP-2 study in 1999 and 29.2 per "0 .... = eli .nr--:OO:o\N~N 
~ Q 'Vi OJ "'1"- - cent reported by Singh et al in 199802.23). 

ll ~ ~ 
'll ·- "0 The characteristics of cough observed in this = u-<= 
Q OJ ei) 

study (Table 3) were similar to those reported pre-o..·-
~ e::t: 
£ "' 'o:::t('r,r-r-0\MN V) viously. The prevalences of C-ACEI in both prospec-0 ...., - r-
.... cc: 

tive and retrospective studies were unrelated to age ..0 - (10,21,23). Only in the retrospective study, a higher l'l;l 
u Vi'o:::t'o:::t"V"'lV/000 incidence of C-ACEI was noted among females com-< eli oc:i\C)..q:NN-.:t_; 8 u M---- pared to males (27.5% vs 16.9%, p = 0.001) (Table 1). 
.... :;! This observation was comparable to those earlier Q 0 

...J 
~ reports(9,21,23-26). The study on the frequency of 
(.1 
c 

"' 
Or-l.f)t""'Mt.n- ~ C-ACEI in 1993 among 228 hypertensive patients in ~ "'1"----

"; 
> Greece by Efstrapoulos et al (125 females: 103 males) 
~ .. 

showed that 12 women and 3 men developed cough Q. 

"' ~ OJ (p = 0.04 )(25). Singh et al also studied the prevalence .c "' "' E-< .<= (.) 

of C-ACEI in 250 hypertensive patients and a higher ei) 
._ 

= 0 

-.i 
0 ] frequency of C-ACEI was also observed among (.) 

~ 
t)~ E females compared to males (37.9% vs 15.5%, p < :c -""" '00"'1" = OJ OJ N-NN<o::t Oi "' "' OJ 0.001)(23). On the contrary, the present prospective ~ "' :;! 

'o:::t" 00- I I I N 0 II 
I I ' M r--o~ -lr'la-.--N/\ f- "' study suggested that C-ACEI had a trend to be related 

to gender (34.9% vs 25.3%, p = 0.12) (Table 1). This 
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might be explained by the small number of patients 
enrolled. However, a prospective study which sys­
tematically interviewed in a blinded manner using 
common adverse effect questionnaires reported by 
Woo et al on 191 hypertensive Chinese in Hong Kong 
showed that females and males had a comparable 
prevalence of C-ACEI00). 

Regarding the characteristics of cough, dry 
cough was observed in nearly all cases who had C­
ACEI (93.8% from the retrospective study, 98.7% 
from the prospective study), similar to the previous 
study(23). Cough frequently occurring at night was 
noted at the rate of 74.9 per cent, retrospectively and 
80.0 per cent, prospectively which was comparable to 
79.4 per cent reported by Singh et aJ(23). Lastly, the 
onset of cough was commonly found within the first 
month of ACEI treatment (41.3% in retrospective and 
46.7% in prospective studies), and gradually decreased 
thereafter. These observations agreed with that of 
Yesil et al in 1994(27). 

Although some ACEI's were reported to 
produce cough less than others(27 ,28), the rates of C­
ACEI in the present retrospective study were very high 
in every studied drugs (15.6-52.8%). There were no 
significant differences in the rates of cough induced 
by different ACEI's when compared with enalapril, 
except cilazapril and quinapril (52.8% vs 20.3%, p < 
0.0001 and 35.4% vs 20.3%, p = 0.002, respectively) 
(Table 2). Remarkably, enalapril was the most fre­
quently used drug in the present report (89.6% in the 
prospective study and 70.0% in the retrospective 
study). There were 2 reasons for the overwhelming 
usage of enalapril in the present study. Firstly, it was 
the only long acting ACEI to appear in the national 
drug list which was implemented a couple of years 
ago. Secondly, it was the only locally made drug 
available at that time. This left very few cases who 
used other ACEI's. Therefore, the rate of cough 
induced by other ACEI's could not reach any statis­
tical significance when compared to enalapril. Similar 
findings were also found in the prospective study. 
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Therefore, both cilazapril and quinapril might not be 
the only drugs which produced higher rates of cough 
than enalapril. However, the rate of enalapril induced 
cough was 20.3 per cent in the retrospective study and 
30.7 per cent in the prospective study. Both figures 
were remarkably high. 

It was usually said that only high dosages 
of ACEI induced cough. However, the present study 
was not designed to answer this question. It is com­
mon practice that every patient will be given a low 
dose of ACEI to start with and it will subsequently be 
titrated according to clinical responses. In the prospec­
tive study, the rate of C-ACEI appearing in the first 4 
weeks was higher in the low dosage group than that 
of the high dosage group. This figure should be more 
reliable than the rate found in the retrospective study 
which showed the opposite (Table 4). It could be 
explained by the delay of spontaneous report of C­
ACEI. 

SUMMARY 
In conclusion, the prevalence of cough 

induced by ACEI was higher than that of the post 
marketing surveillance reports. The onset of cough 
ranged from I to 32 weeks. Cough appeared to be 
more prevalent among females with disregard to age. 
It was irritative and nocturnal in nature, and com­
monly occurred within 4 weeks of treatment. The 
onset of C-ACEI was similar in both the low and high 
dosage groups. The rates of cough appeared to be very 
high in every studied drug. 
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