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Clinical Characteristics and Angiotensin Converting Enzyme Gene
Polymorphism in the Susceptibility to Angiotensin
Converting Enzyme Inhibitor-Induced Cough

Sang-Chol Lee, M.D., Hyo-Soo Kim, M.D., Jin-Ho Chei, M.D.,
Hyun-Seok Choi, M.D., Dae-Gyun Park, M.D., Dae-Won Sobn, M.D.,
Byung-Hee Oh, M.D., Myoung-Mook Lee, M.D., Young-Bae Park, M.D.,
Yun-Shik Choi, M.D., Jung-Don Seo, M.D., Young-Woo Lee, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University, Seoul, Korea

Background : Cough is a frequent side effect of angiotensin converting enzyme(ACE)
inhibitors and the mechanism of cough is postulated to be associated with accumulation of
bronchial irritants which are substrates of ACE. Based on this pathophysiologic mechanism,
baseline ACE activity could potentially play the key role in the development of ACE inhibitor-
induced cough. This study was performed to find out the association of ACE inhibitor-induced
cough and ACE gene polymorphism, which account for part of the ACE activity, and to
compare the clinical characteristics between subjects who developed cough and those who did
not with ACE inhibitor use.

Method : The cough group(N=84) consisted of subjects who developed troublesome cough
with ACE inhibitors and who ceased coughing in 4 weeks after cessation of ACE inhibitor
treatment. Patients with evidence of acute respiratory illness were excluded. The non-cough
group(N=116) consisted of subjects who did not develop cough with over 12 months of ACE
inhibitor treatment. Clinical characteristics were collected by personal contact and chart review.
ACE genotyping was done by PCR amplificaion of DNA ﬁ'om peripheral blood using
previously published primers and agarose gel electrophoresis.

Results : Underlying diseases of the cough group were hypertension(47), valvular heart
disease(23), ischemic heart discase(4), dilated cardiomyopathy(7) and others(3), whereas
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Underlying diseases of the non-cough group were hypertension(48), valvular heart disease(33),
ischemic heart disease(12), dilated cardiomyopathy(20) and others(3). There was no significant
difference in the distribution of underlying diseases between the two groups. Cough induced
by ACE inhibitors occurred in an average of 8 weeks after treatment initiation and subsided in
an average of 3.8 weeks after discontinuation of ACE inhibitors. There was a preponderance of
females in the cough group(F : M=73 : 27) compared to the non-cough group(F : M=40 :

60, p<0.01). There was no significant difference in mean age, total cholesterol, and the
frequency of hypertension and diabetes between the two groups. Genotypic frequencies of
ACE gene were I/1:1/D : D/D=38 : 42 : 30 for the cough group and 45 : 36 : 19 for the
non-cough group which showed no significant difference between the two groups. Allelic
frequencies were I: D=54 : 46 and 62 : 38 in the cough and non-cough group respectively

and the difference was not statistically significant.

Conclusion : Women are more susceptible to ACE inhibitor-induced cough, and ACE-
inhibitor induced cough is not associated with ACE gene polymorphism.

KEY WORDS : ACE inhibitor - Cough - ACE gene polymorphism.
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enalapril, 21 perindopril®] 37X £#9 ACE
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Bzte] Tdxyolol B olA genomic DNAS
%, intron 163} exon 179 31238} primerE o] &3t
o Z3a4 A4ukE(Polymerase chain reaction,
PCR)& A33l9tl. Sense primere 5-GCC CTG
CAG GTG TCT GCA GC-3', antisense primere 5~
TGC CCA TAA CAG GTC TTC ATA-3'% tjxelst
o ARE-E19.91 reaction mixtures 10mM Tris-HCl
(pH 8.3), 1.5mM MgCl,, 40mM KCl, 1mM DTT,
BSA 50pg/ml® primer 2tz 1.2ng/Ml, ANTP mix-
ture ZtZt 0.2mM, DNA template 2.0pg, Taq po-
lymerase 1.25unit# FH/FE ol83ld F &3 &
50p2 3ttt PCR 212 94ToAM 183t dena-
turation, 60TCoA 187t annealing, 183 72°Co)
A 287t extension®Z 3t4] 35cycled Al3sty]om
1 AHE-§& Ethidium bromide7} £33 2.0% agarose

geloll 719% AIAM /A28 & A
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o 713 9o ACE oAlAlol o3t 22488 koA
% 284 gtH(Table 1). ACE SAAE A3
F 7130l 2AE YA dd 7)1k B 85 oH
B85 3 7130 RE& 7] 24 7 H 34
F9t}. Captopril, enalapril Z22] 1 perindopril®] Al
TR A 7139 SANIEE AJolE Holx] gt
=3

FEte] gArebde) vlmdNE 7S TS} v
Ao gunizh el A 27 1 73, wlEAFAA 60
D402 2 71 TN 49 vl go] fojstAl =%t
o (p<0.01), 71T HFAAE 86%, BITA

Table 1. Underlying diseases in cough and non-cough

groups
Cough group  Non-cough group
(N=84) (N=116)
Cardiovascular diseases
Hypertension 47 48
Valvular heart disease 23 33
Ischemic heart disease 4 12
Dilated cardiomyopathy 7 20
Others 3 3
Chronic Pulmonary disease 2 2
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Table 2. Clinical characteristics of cough and non-co-

Table 4. Difference in smoking population between co-

ugh groups ugh and non-cough group after controlling for
Cough group Non-cough gender
(N=84) group(N=116) Cough group Non-cough group

Sex(F : M) 61 :23 46 ; 70* Female
Mean age 56+13 57412 Non-smoker 57 44
Hypertension(+) 52(62%) 65(56%) Smoker 4 2
Diabetes mellitus(+) 8( 9%) 12(10%) Male
Smoking(+) 2(14%) 36(31%)* Non-smoker 15 36
Mean total cholesterolimg/dl)  200+40 195+39 Smoker 8 34

*p<0.01, Fischer's exact test

Table 3. Difference in gender distribution between co-
ugh and non-cough group after controlling for

smoking
Cough group  Non-cough group

Smokers

Female 4 2

Male 8 34
Non-smokers

Female 57 44

Male 15 36

p<0.01, Odds ratio=3.6(95% Confidence Interval 1.82 -
6.66), Stratified analysis using Mantel-Haenszel method

9] ¥ EFARE 69% = 713 AT A Bl ARt b
&o] FadHA E4tHp<0.01)(Table 2). Z&4 o]
g abol= Wizt A& Abolof o HAE e
Aol 9oy, FAFFo A S 77 ngstn S3EA
< APt FAFE st dyrte Aol &
BE fe G AAjoA ZjdAe] Wixrt o ¢
A= (0Odds Ratio) 3.62.2(95% Confidence Interval
1.82~6.67) +9J8tA ¥k vH(p<0.01, Table 3) &
e ngsta oo FAAHE vwsil s de 71
WA oY Ede] /o3 AolE Holx] gol
(Table 4) &7l &9 2ol BFizhe] Alolo]

No difference in cough frequency between smokers and
non-smokers after controlling for gender

(p=0.45, Odds Ratio=1.38, 95% Confidence Interval 0.60
~ 3.20, Stratified analysis using Mantel-Haenszel method)

>

q 7118 e & & ddeh. Fitell HadE, n¥e
7, Tl 45, BT F e EA e feld A
& Ho|7] gttt
ACE 42 A9l f-:213 9] ¥z 7|82
A I/1:1/D:D/D=38:32:30, 713 vl&ATolA
45:36: 192 GEztel] #23 Aot gled, 19
D g2 vz 7 ARAYTA 1: D=54:46, 7|
Hopd oA 62 1 382 #2l3F Aol & Holx] ghsi}
(Table 5).
il ot
1. ACE HHol| 2igt 7|&le] Ld7IA : kinin,
substance P, bradykinin2| 2i&t
ACE AlA] Algol w 713 9] Sal7| AL o} &
A3 ¥ vt glok A7 Ll uel olsha
ACE YAA AMgof ofg 7182 ACEY 71319l ki-
nin7l, substance P, 1811 prostaglandin® 71 %]
F% T AFE dodle 249 A & St 9

3] WSt o2 delA gtk Badykining kinindl

Table 5. ACE genotypes and allele frequency in the cough and non-cough groups

Genotype Allele
Total
I D/D ] D

Overall 200 84 69 47

0.42) (0.35) (0.23) 0.59 0.41
Cough group 84 32 27 25

(0.38) 0.32) (0.30) 0.54 0.46
Non-cough group 116 52 42 22

(0.45) (0.36) (0.19) 0.62 0.38

p=0.20 for genotype frequency, p=0.31 for allele frequency, Fischer's exact test
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talAe, 713ukAte] Bedshe 7184 Wl unmyel-
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