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To investigate the genetic susceptibility associated with cough related to angiotensin-converting enzyme inhibitor (ACEI)

therapy in patients with type 2 diabetes, 189 non–insulin-dependent diabetes mellitus (NIDDM) patients with proteinuria or

hypertension treated with perindopril were studied. Cough was considered to be present if the patients had been bothered

by a cough during treatment and if they had had related symptoms for at least 2 weeks without an identifiable cause.

Polymerase chain reaction (PCR) coupled with single-strand conformation polymorphism (SSCP) was used to detect poly-

morphisms of ACE and bradykinin B2-receptor genes. After 8 weeks of treatment, 49.2% (93 of 189) of our NIDDM patients

were found to be suffering from ACEI-related cough. ACEI-related cough was mainly associated with female patients, with

71.7% (76 of 106) of female and only 20.5% (17 of 83) of male patients experiencing cough after ACEI treatment. There was

a significant association of ACE II genotype with ACEI-related cough. The genotype frequencies were 58.2% for II, 47.8% for

ID, and 16.7% for DD in patients with ACEI-associated cough and 41.8% for II, 52.2% for ID, and 83.3% for DD in subjects

without ACEI-associated cough (x2 5 10.268; df 5 2, P 5 .006). As female patients made up the majority of the subjects

suffering from ACEI-related cough, we further analyzed the association of ACE I/D genotype with ACEI-related cough

separately by sex. Male patients with ACEI-related cough were not associated with ACE I/D genotype distribution, while

female patients were strongly associated with ACE I/D genotype polymorphism (x2 5 16.12; df 5 2; P < .001). There was no

association between the bradykinin B2 receptor gene –58T/C polymorphism with ACEI-related cough. In conclusion, our

results indicate that Chinese diabetic female subjects are susceptible to ACEI-related cough, and this susceptibility may be

genetically predetermined.

Copyright © 2001 by W.B. Saunders Company

PERHAPS THE MOST promising group of drugs used in
the treatment of hypertension in patients with diabetic

nephropathy are angiotensin-converting enzyme inhibitors
(ACEI).1 These agents do not alter lipid profile and thus do not
adversely affect other cardiovascular risk factors as other
agents do.2 Furthermore, they appear to increase glucose dis-
posal rate, enhance insulin sensitivity, and may improve gly-
cemic control.3 Also, these drugs have been reported to reduce
protein excretion in azotemic patients and decrease the rate of
decline of renal function in patients with diabetic nephropa-
thy.4,5 However, the coughing that results from ACEI therapy is
a well-recognized complication6,7 with the literature reporting
the frequency of cough varying from 0.7% to as high as
53%.8-11 A high incidence of cough has been found in Chinese
populations.10,11 Varying in severity, the dry cough is usually
preceded by a tickling sensation in the back of the throat and
appears to be more common in nonsmokers, women, and
patients with renal failure.12,13 The cause of the cough is
reported to be intrinsic to the mechanism of action of ACEI,
and so change to another ACEI is not recommended because of
apparent cross-reactivity.14 The accumulation of kinins has
been suggested to play a major role in ACEI treatment-related

cough. This accumulation probably results from the inhibition
of the degradation of kinins, particularly bradykinin, in the
airway, but the precise mechanism is still unknown. Furuya et
al15 have stated that a genetic predisposition has been found to
be associated ACEI-related cough. Other studies have also
implied a genetic predetermination of ACEI-related cough
caused by specifically implicated variants of the genes that
encode ACE, chymase, and bradykinin B2 receptors.16-18

Recently, we reported a high incidence of ACEI-related
cough in postmenopausal diabetic Chinese women with hyper-
tension or nephropathy, some patients experiencing intolerable
cough-related stress incontinence.19 To date, there has been no
investigation of a possible genetic mechanism of the high
incidence of ACEI-related cough in the Chinese population. To
further clarify the possible genetic factors associated with this
phenomenon, we designed a case-association study to investi-
gate the relationship of the bradykinin B2 receptor and ACE
insertion/deletion (I/D) gene polymorphism to ACEI-induced
cough in Chinese subjects with non–insulin-dependent diabetes
mellitus (NIDDM).

MATERIALS AND METHODS

Patients with NIDDM and hypertension or nephropathy who con-
secutively attended the diabetic clinic of Ping-Tung Christian Hospital
were studied. The control subjects were apparently unrelated subjects
who entered the health examination program of our hospital for a health
evaluation. They received detailed interviews regarding personal dis-
ease history and smoking history. All study subjects were of Han
Chinese origin, with no known ancestors of other ethnic origin, and
living in the same region at the time of study. The diagnosis of type 2
diabetes was based on the World Health Organization (WHO) crite-
ria.20 All patients underwent complete physical examinations and rou-
tine biochemical analyses of blood and urine, as well as assessment of
the presence and extent of macrovascular or microvascular diabetic
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complications. Hypertension was defined when patients had an office
diastolic blood pressure (BP) of greater than 90 mm Hg on a mercury
sphygmomanometer. Most of the hypertensive patients were untreated,
and those who were receiving antihypertensive agents were asked to
discontinue treatment for 2 weeks prior to the study. Patients who had
had a diagnosis of urinary tract infection, urolithiasis, liver cirrhosis,
bronchitis, emphysema, congestive heart failure, or chronic lung dis-
ease were excluded. Cough was considered to be present if they had
been bothered by a cough during the treatment and if they had symp-
toms for at least 2 weeks without an identifiable cause, such as acute
respiratory infection. Although a history of smoking was obtained for
each patient, smokers were not excluded in this study. Seated BP,
plasma biochemical parameters, and urinary microalbumin were mea-
sured after an overnight fast. Plasma triglycerides, total cholesterol,
low-density lipoprotein (LDL)-cholesterol, high-density lipoprotein
(HDL)-cholesterol, uric acid, creatinine, and glucose were determined
by standard commercial methods on a parallel-multichannel analyzer
(Hitachi 7170A, Tokyo, Japan). The urinary albumin concentration was
measured by immunoturbidmetry (Beckman Instruments, Galway, Ire-
land). The detection limit was 2 mg/L, and the interassay and intra-
assay coefficient of variance was less than 8%.

Patient visits were scheduled every 2 weeks during the study period.
This study was approved by the human research review committee of
our hospital, and informed consent was obtained from each patient.
Patients received a single daily dose of perindopril 4 mg (Acertil; Les
Laboratoires Servier Industrie, Gidy, France). The dosage of the pa-
tients’ usual antihypertensive therapy could be increased or other
non-ACEI antihypertensive therapy could be added if needed to
achieve a target BP. The severity and frequency of cough were assessed
by a visual analogue scale (VAS) at 2-week intervals.

Bradykinin B2 Receptor Gene –58Thymidine/Cytosine (T/C)
Polymorphism

Genomic DNA was prepared from peripheral blood using standard
techniques. The primers for the polymerase chain reaction (PCR)
amplification were 59-GCAGAGCTCAGCTGGAGGAG-39, located in
the promoter, and 59-CCTCCTCGGAGCCCAGAAG-39, located in the
promoter/exon 1. Primers were designed from the bradykinin B2 re-
ceptor gene reported by Kammerer et al.21 PCR was performed at a
final concentration of 13 PCR buffer (10 mmol/L Tris-HCl pH 8.3; 50
mmol/L KCl; 1.5 mmol/L MgCl2), 0.2 mmol/L deoxynucleoside
triphosphate (dNTP), 0.4mmol/L sense and antisense oligos, and 2.0 U
of Tag DNA polymerase (Takara Tag; Takara Shuzo, Otsu Shiga,
Japan) in a total volume of 50mL. After an initial denaturation step at
90°C for 3 minutes, the amplifications were performed for 30 cycles of
45 seconds at 94°C, 45 seconds at 60°C, and 90 seconds at 72°C, and
a final extension time of 5 minutes at 72°C in a thermocycler (Gene
Amp PCR System 9700, Perkin-Elmer, Foster City, CA). PCR products
were subjected to a single-strand conformation polymorphism (SSCP)
electrophoresis in a 20% polyacrylamide (2X Tris Hcl boric acid
EDTA buffer [TBE]) gel. Electrophoresis was performed at 24°C at
180 V for 20 hours, and the gel was then silver-stained. Four repre-
sentative samples of TT and TC genotype detected by SSCP were
sequenced to confirm the thymidine or cytosine at nucleotide position
–58 upstream from the putative transcription start site.

ACE I/D Polymorphism

For the ACE I/D polymorphism, the primer pairs used and the
annealing temperature were: forward, 59-CTGGAGACCACTCCCA-
TCCTTTCT-39 and reverse, 59-GATGTGGCCATCACATTCGTCA-
GAT-39, amplifying the intron 16 region where the I/D fragment is
located. PCR amplification products were obtained using 25-mL reac-
tions (0.5 pg genomic DNA, 500 pmol of primers, 0.5 mmol/L each of
deoxyadenosine triphosphate (ATP), guanosine triphosphate (GTP),

cytidine triphosphate (CTP), thymidine triphosphate (TTP), and 1.5
mmol/L MgCl2; 0.5 U Tag DNA polymerase (Takara); 50 mmol/L
KCl; 0.001% gelatin; 10 mmol/L Tria-HcL pH 8.3) with 4-minute
denaturation at 94°C, followed by 35 cycles of 15 seconds at 94°C, 5
seconds at 67°C, and 30 seconds at 74°C in a thermal cycler. Reaction
was terminated at 72°C at 2 minutes. To avoid ID/DD mistyping of
heterozygotes as DD-homozygotes, all of the DD-genotype samples
were confirmed using a pair of primers that produce an amplified
product only in the presence of the insertion and were used to verify the
polymorphism, forward, 59-TGGGACCACAGCGCCCGCCACTAC-39,
and reverse, 59-TCGCCAGCCCTCCCATGCCCATAA-39. The PCR
reaction conditions were similar to the procedures used for I/D detec-
tion except that the annealing temperature was changed to 62°C. All
PCR products were visualized after electrophoresis on a 2% agarose gel
and ethidium bromide staining. Genotyping was performed in a blinded
fashion.

Statistical Analysis

The data are shown as the mean6 SD. All statistical analyses were
performed using the Statistical Package for Social Science (SPSS for
Windows, version 7.5.1, 1996, SPSS, Chicago, IL) program. Thex2

test was used to study the categorical variables. Other variables were
compared using unpairedt test. Differences were considered statisti-
cally significant if there was aP value of, .05.

RESULTS

A total of 189 patients with hypertension or nephropathy
(microalbuminuria or more advanced) receiving perindopril
treatment completed the study. After 8 weeks of therapy, 49.2%
(93 of 189) of our NIDDM patients were found to have ACEI-
related cough. One noteworthy finding was that most subjects
with ACEI-related cough were female patients. In this study,
71.7% (76 of 106) female patients and 20.5% (17 of 83) male
patients were found to be experiencing cough after ACEI
treatment (Table 1). Twenty female patients reported intolera-
ble cough and cough-related urinary stress incontinence. Table
2 shows the demographic characteristics of patients with or
without severe cough related to ACEI. Patients with ACEI-
related cough were also found to be older than those patients
without cough.

The ACE I/D genotype distributions in subjects with or
without ACEI-associated cough are shown in Table 1 and Fig
1. The genotype frequencies were 58.2% for II, 47.8% for ID,
16.7% for DD in patients with ACEI-associated cough and
41.8% for II, 52.2% for ID, and 83.3% for DD in subjects
without ACEI-associated cough, the II genotype being signif-
icantly associated with ACEI-related cough (x2 5 10.268;df 5
2; P 5 .006). As ACEI-related cough sufferers were mostly
female, we further analyzed the association of ACE I/D geno-
type separately by sex. We found that male patients with
ACEI-related cough were not associated with ACE I/D geno-
type distribution, while female patients were, and strongly so
(Table 1,x2 5 16.12;df 5 2; P , .001).

Genotype distributions of the bradykinin B2 receptor gene
-58T/C polymorphism in type 2 diabetic patients were 30.1%
for CC, 42.2% for TC, and 27.7% for TT, respectively. There
was no statistically significant difference found between the
bradykinin b2 receptor gene polymorphism and ACEI-associ-
ated cough (58.3% for CC, 46.6% for TC, and 44.2% for TT,
respectively,x2 5 2.317;df 5 2; P 5 .314).

The VAS was used to quantify the patients’ perception of
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frequency of cough. A very low VAS score (0.2 cm) was found
at the beginning of the study with changes in VAS score being
significantly higher in the patients with cough (3.36 2.5 cm,
P , .01) at the end of study (Table 2). The time of coughing
associated with ACEI varied among patients, ranging from 2
days to 1 month (mean, 7.56 5.5 days).

DISCUSSION

The current study shows that Chinese subjects with NIDDM
receiving perindopril have a high prevalence (49.2%) of cough.

Prevalence estimates of ACEI cough vary widely among pre-
vious studies. Early reviews noted a frequency rate as low as
1% to 2%, whereas recent literature has disclosed it to be as
high as 15% to 53%.7-12 A high incidence of cough associated
with ACEI has been found among African-Americans and
Chinese,11,22and it appears to be more common in nonsmokers,
women, and patients with renal failure.12,13 In 1 case-control
study in a Chinese population, the incidence of persistent cough
in patients taking ACEIs was 44% compared with 11.1% in
controls not taking ACEIs.11 In a study comparing ACEI-
associated cough in Hong-Kong Chinese and Auckland Cau-
casians, the incidence of cough in ACEI-users versus non-
ACEI-users was 53% and 10% for Chinese and 18% and 5%

Table 1. Distribution of ACE I/D Genotype in Control Subjects and Diabetic Patients With or Without ACEI-Related Cough

Genotype

Total No. P ValueII n (%) ID n (%) DD n (%)

Control subjects 100 (50.3) 81 (40.7) 18 (9.0) 199
Male 50 (48.1) 45 (43.2) 9 (8.7) 104
Female 50 (52.6) 36 (37.9) 9 (9.5) 95

NIDDM 79 (41.8) 92 (48.7) 18 (9.5) 189 NS*
Male 32 (38.6) 43 (51.8) 8 (9.6) 83
Female 47 (44.3) 49 (46.2) 10 (9.4) 106

NIDDM with ACEI-related cough 46 44 3 93
Male 7 9 1 17
Female 39 35 2 76

NIDDM without ACEI-related cough 33 48 15 96 .006
Male 25 34 7 66 .837
Female 8 14 8 30 .001

NOTE. Comparisons are performed by x2 test.
Abbreviation: NS, not significant.
*When compared with the control subjects.

Table 2. Clinical Characteristics of Patients Studied

Demography

NIDDM and ACEI-Related Cough

With Without

No. (%) 93 (49.2) 96 (50.8)
Age (yr) 63.3 6 8.3 58.6 6 11.3†
M/F 17/76 66/30†
BMI 26.1 6 3.6 25.7 6 3.5
WHR 0.95 6 0.06 0.95 6 0.06
Known diabetes

duration (yr) 8.9 6 6.6 8.3 6 6.4
Baseline BP

SSBP (mm Hg) 160.4 6 17.3 165.7 6 17.9
SDBP (mm Hg) 94.0 6 9.3 93.8 6 11.4

Endpoint BP
SSBP (mm Hg) 151.2 6 17.2* 151.2 6 17.2*
SDBP (mm Hg) 89.5 6 12.3* 92.8 6 12.0*

Cholesterol (mg/dL) 210.6 6 45.6 204.5 6 58.5
Triglyceride (mg/dL) 204.8 6 140.1 180.6 6 135.1
Uric acid (mg/dL) 6.5 6 1.87 6.9 6 2.0
Creatinine (md/dL) 1.3 6 1.0 1.3 6 0.7
HbA1C (%) 8.5 6 1.9 8.3 6 2.0
VAS

Baseline 0.23 6 0.19 0.24 6 0.13
Endpoint 1.29 6 1.26* 3.29 6 2.53*†

NOTE. Data are mean 6 SD.
Abbreviations: BMI, body mass index; WHR, waist to hip ratio; VAS,

visual analogue scale.
*P , .01 when compared with the baseline data.
†P , .01 when compared between patient groups.

Fig 1. Prevalence of investigator-assessed definite cough during

an entire 8-week treatment period. Diabetic female patients with II

genotype receiving perindopril had a significantly higher incidence of

cough when compared with the other groups, x2 5 16.12; df 5 2;

P < .001.
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for Caucasians.11 Our study also showed that the ACEI-related
cough mainly appeared in female patients. The reasons for this
female predominance cannot be well explained, although Isarili
and Hall9 have postulated that women have a lower cough
threshold and, therefore, may report this adverse effect more
often.

ACEI is the drug of choice in patients with nephropathy.1 It
can reduce intraglomerular pressure, inhibit mesangial cell
proliferation and matrix production, and lower BP, contributing
to the protective mechanism of progression of diabetic ne-
phropathy. However, the high incidence of ACEI-related cough
in the Chinese population limits the use of ACEI in this
population. Such a troublesome side effect often causes these
patients intolerable distress and sleep disturbance. To date,
discontinuation of the medication has been the only way to
resolve this problem. Being able to identify subjects vulnerable
to this side effect prior to the treatment would allow us to avoid
this unpleasant effect and increase patient compliance with
their medical therapy.

It has been found that an insertion/deletion polymorphism
of ACE gene affects the serum ACE level,23 and ACE gene
polymorphism has been known to contribute to the ethnic
differences in response to ACEI treatment.24 In Caucasians,
44% of the variance in circulating ACE activity is accounted
for by genetic polymorphism,25 and plasma ACE activity has
also been found to be genetically determined in the Chinese
population.26 ACE inactivates bradykinin, substance P, and
neurokinin A, all potent bronchoconstrictors and inflammatory
mediators. Substance P and neurokinin are potent inducers of
airway smooth muscle constriction, bronchial edema, extrava-
sation of plasma, and mucus hypersecretion, acting as impor-
tant mediators of neurogenic inflammation.27 Using aerosols of
distilled water for testing, Morice et al16 found the ACE geno-
type to be a link between ACE activity and the cough reflex.
Patients with ACE II genotype may have lower serum or tissue

levels of ACE than other genotype patients. The decreased
levels of ACE might result in less inactivation of bradykinin,
substance P, and neurokinin, thereby accounting for the in-
creased bronchial responsiveness and susceptibility to cough.

In a meta-analysis of studies composed mostly of Cauca-
sians, the distribution of the I/D polymorphism was found to be
22.7% II, 49% ID, and 28.3% DD, with the ACE levels of DDs
about twice that of IIs.28,29 The prevalence of I allele is much
higher in Chinese than in Caucasians, and fewer Chinese have
the DD genotype (0.70 among Chinese compared with 0.43 in
the Caucasian population).25,30 This fact may explain the high
prevalence of cough associated with ACEI treatment in the
Chinese population.

Recently, Mukae et al18 reported that bradykinin B2 receptor
gene –58T/C polymorphism is associated with ACEI-related
cough, especially in female patients. Using promoter assay
studies of genetic variants of the bradykinin receptor, -58T
was found to have a higher transcriptional rate than that of
–58C,21,31 and it has been suggested that the transcriptional
activity of the promoter might be involved in the appearance of
ACEI-related cough.18 The current study reveals no association
between the bradykinin B2 receptor –58T/C polymorphism and
ACEI-related cough in Chinese NIDDM patients and may
suggest that ACE activity, rather than the bradykinin B2 recep-
tor transcriptional rate, be the main determinant of ACEI-
related cough.

In conclusion, our results indicate that Chinese diabetic
female subjects are susceptible to ACEI-related cough, and this
susceptibility may be genetically predetermined.
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