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The Lack of Relationship between an Endothelin-1 Gene Polymorphism
(Ala288Ser) and Incidence of Hypertension: A Retrospective Cohort Study among
Japanese Workers

BACKGROUND: Some case-control association studies revealed the relationship between some
endothelin-1 (ET-1) gene polymorphisms and blood pressure. Because no report was available about
the relationship between any ET-1 gene polymorphism and incidence of hypertension, we examined
the relationship between novel ET-1 gene polymorphism (G862T / Ala288Ser in exon 5) and incidence
of hypertension by a retrospective cohort study.
METHODS: The subjects were Japanese workers at a company in Shimane Prefecture in Japan. The
polymorphism with genome DNA extracted from the blood of the workers was analyzed using the poly-
merase chain reaction confronting two pair primers method. According to the results of two regular
health checkups with a 6-year interval, the study population was divided into two groups by blood pres-
sure and antihypertensive treatment in 1998, after excluding people who had hypertension in 1992.
RESULTS: There were 133 (93 males and 40 females) incidences of hypertension observed among
the study population of 922 (540 males and 382 females). In the univariate analysis, odds ratios of
Ala/Ser and Ser/Ser against Ala/Ala were 0.98 (95% confidence interval [CI]): 0.7-1.4) and 0.79 (95%
CI: 0.4-1.6), respectively. In the multivariate analysis adjusted for sex, age, body mass index, serum
total cholesterol, fasting blood sugar, and smoking and drinking habits, odds ratios for Ala/Ser and
Ser/Ser against Ala/Ala were 0.97 (95% CI: 0.7-1.4) and 0.75 (95% CI: 0.4-1.5), respectively.
CONCLUSIONS: The ET-1 gene polymorphism in this study did not seem to be associated with the
incidence of hypertension among the Japanese workers.
J Epidemiol 2004;14:129-136.
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Endothelin (ET) is known as the most potent vasoconstrictor
among reported endothelial-derived vasomotor agents.1,2 Among
the reported 3 isoforms of ET, endothelin-1 (ET-1) is produced by
endothelial cells.3 ET-1 plays a role not only in vasoconstriction
but also in vasodilatation through induction of an endothelial cell-
derived relaxing factor, nitric oxide.4 These functions of ET-1 cor-
relate to the pathogenesis of atherosclerosis.5 Thus, the associa-
tion between ET-1 and hypertension- or atherosclerosis-related
diseases has been studied. In fact, increased plasma ET-1 level

has been demonstrated among pre-eclamptic pregnant women,6

patients with hypertension7 and diabetes,8 respectively.
Furthermore, because a reduction effect on blood pressure with
the induction of ET receptor antagonist was observed,9,10 the role
of ET-1 in regulation of human blood pressure was confirmed.

The human ET-1 gene was assigned to chromosome 6, and
spans approximately 5.5 kb with 5 exons and 4 introns.11,12 Some
epidemiologic studies analyzing the relationship between some
polymorphisms in this locus and hypertension have been per-
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interval. Then the lower of the two measurements was used as the
blood pressure. Although this method is not common for epidemi-
ologic studies, it is common for health checkups for workers. The
purpose of this method is to evaluate whether each subject has
hypertension or not. Further, this method is based on the recom-
mendation from the Japanese Association for Cerebro-cardiovas-
cular Disease control,21 basically. Because it seemed to provide
the information of which equal to use the second of two measure-
ments and better than use the mean of two measurements, this
method was employed for our studies.

Body Mass Index (BMI), body weight in kilogram divided by
squared height in meter, was used as a measure of body composi-
tion.

Blood samples were drawn into disposable plastic vacuum
tubes (Becton, sst gel and clot activator) from a peripheral vein.
Serum total cholesterol (TC) and fasting blood sugar (FBS) were
measured using an autoanalyzer (Model 7150 Autoanalyzer,
Hitachi). TC and FBS were determined enzymatically using com-
mercial enzyme kits (cholesterol oxidase method, Kyowa Medex,
Tokyo, Japan, and Hexokinase glucose 6 phosphatedehydroge-
nase method, Wako, Tokyo, Japan, respectively).

Alcohol drinking and smoking habits were assessed using a
questionnaire on lifestyle factors.

Endothelin-1 gene polymorphism Ala288Ser
The ET-1 gene polymorphism studied here was selected from
released polymorphisms20 according to variation in the exon loci
where the protein is encoded. The present study is the first report
to examine the association between this polymorphism and hyper-
tension.

Identification of polymorphism
Genome DNA was extracted using a fully automatic nucleic acid
extractor (MagExtractor Genome, Toyobo Co., Ltd., Osaka,
Japan). The extracted genome DNA was stored at -20℃ until
genotyping. The polymerase chain reaction confronting two pair
primers method (PCR-CTPP)22 was used to analyze the Ala288Ser
polymorphism in the ET-1 gene. The design of 4 primers for
PCR-CTPP in the franking region of the G/T polymorphism asso-
ciated with the Ala288Ser polymorphism in the ET-1 gene was as
follows: the forward primer was 5'-CCT CGC TCC CAT TCT
AAG CAT AGG G-3', the reverse primer was 5'-CCT TTG CCA
GTC AGG AAC CA-3', the G allele-specific forward primer was
5'-GAT CCC AAG CTG AAA GGC AAG-3', and the T allele-
specific reverse primer was 5'-TCA CAT AAC GCT CTC TGG
AGG GA-3'. PCR was performed in a thermal cycler (i-cycler,
Bio-rad., CA, USA). The total volume of PCR reaction solution
was 10 ml for each sample, containing 2 mmol/L of each primer.
The solution contained 10 mmol/L Tris-HCl (pH 8.3), 50 mmol/L
KCl, 1.5 mmol/L MgCl2, 250 mmol/L of each dNTP, and 5U of
AmpliTaq Gold DNA polymerase (Applied Biosystems, New
Jersey, USA). For the PCR procedure, initial denaturation for 10
min at 95℃ was subsequent to a hot start at 95℃. Following the
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formed as case-control association studies.6,13-18 Moreover, the
relationship between a polymorphism in the ET-1 gene and ven-
tricular arrhythmia has been reported.19

Although the presence of a novel polymorphism, the G/T poly-
morphism with an amino acid substitution (Ala to Ser) at codon
288 in exon 5 at position 862 of the ET-1 gene (Ala288Ser), was
released,20 the prevalence of the polymorphism among general
population was not available. In this way, the presence of a novel
human ET-1 gene polymorphism was revealed, but the relation-
ship between the polymorphism and hypertension was not avail-
able.

Thus, in the present study, we analyzed the relationship
between the novel ET-1 gene polymorphism and hypertension
among Japanese workers. To assess the relationship more detail
than in previous reports, a retrospective cohort study enrolling
lifestyle factors as considerable variables was performed.

METHODS

Study population and eligible cohort subjects
The study population was recruited from workers of a company
who received annual health checkups and gave written informed
consent in 1998, in Shimane Prefecture in Western Japan. The
total number of the study population was 1,978. Among the study
population of our study, 1,175 subjects were received annual
health checkups in both 1992 and 1998. The number of subjects
who assessed as normotensive was 975, after excluding hyperten-
sive in 1992, sat as a study cohort. Because there were 922 sub-
jects whose various variables for this study were known, 95% of
normotensives in 1992 were enrolled in this study as eligible
cohort subject. The incidence of hypertension was assessed at the
health checkups in 1998. The following selection criteria for
hypertension were applied both in 1992 and 1998: (1) hyperten-
sion was defined by systolic blood pressure (SBP) of 140 mmHg
and over and/or diastolic blood pressure (DBP) of 90 mmHg and
over; or (2) subject received medication for hypertension. The eli-
gible subjects were divided into two groups by incidence of
hypertension (i.e., hypertensive and normotensive in 1998). The
number of subjects who developed the hypertension in 1998 was
133, 14.4% of the eligible subjects. Among the 133 incident
cases, 128 subjects were assessed based on their blood pressure in
1998. Further, 111 subjects showed SBP less than 160 mmHg
and/or DBP less than 100 mmHg.

Various measurements and survey of life habits
Blood pressure was measured with the subjects seated, on the
right arm, using a standard mercury sphygmomanometer after at
least 5 minutes of rest subsequent to urination. Phase I and phase
V Korotkov sounds were recorded as SBP and DBP, respectively.
Blood pressure was measured once for each subject, when SBP
was less than 140 mmHg and DBP was under 90 mmHg. In case
of SBP with 140 mmHg and higher and/or DBP with 90 mmHg
and higher, re-measure was performed after at least 5 minute
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TC, FBS, alcohol drinking and smoking habits.

DISCUSSION

The distribution of the Ala288Ser polymorphism in the ET-1 gene
among Japanese workers was revealed by the present study; the
Ala/Ala, Ala/Ser, and Ser/Ser genotypes were in 49%, 41%, and
10% of subjects, respectively. The Ser allele frequency showed a
high proportion at 30%. On the other hand, with both univariate
and multivariate analysis adjusted for considerable variables, the
polymorphism showed no statistical significance for the incidence
of hypertension.

As far as we know, seven studies that assessed the relationship
between ET-1 polymorphism and hypertension have been pub-
lished. The first study reported no effect for a Taq1 restriction
fragment length polymorphism on hypertension and blood pres-
sure level.13 Stevens et al.14 and Brown et al.16 studied on single
base insertion of adenine at position 138 in the ET-1 gene, and
showed the association between the polymorphism and DBP
among control subjects with normal blood pressure. The remain-
ing four reports studied the Lys198Asn polymorphism in the ET-
1 gene. Among them, a study of pregnant women revealed that
the Lys/Asn and Asn/Asn genotypes significantly raised SBP
compared to the Lys/Lys genotype during pregnancy, and the
effect disappeared after delivery.6 Other three studies on the poly-
morphism were population-based.15,17,18 These three reports
demonstrated that a steeper increase in blood pressure with BMI
occurred in obese subjects with this polymorphism, without dis-
tinction of race.

There have been no reports available on the Ala288Ser poly-
morphism in the ET-1 gene, which we studied here, yet. A high
proportion of 30% of the Ser allele frequency in this polymor-
phism was observed. Although no association between the poly-
morphism and incidence of hypertension was observed after
adjusting for confounding factors including lifestyle variables,
additional studies are needed to examine the mean of this poly-
morphism.

The relationship was analyzed, and adjusted for FBS and
lifestyle variables as well as sex, age, BMI, and TC, in this study.
Participation of insulin in the modulation of plasma ET-1 levels
was suspected.28,29 It is also known that a higher concentration of
serum insulin is observed in obese subjects.30,31 Thus, FBS was
included in the analysis to adjust for the confounding factor of
insulin resistance of subjects. Moreover, in the epidemiologic
knowledge, chronic exposure to smoking would not increase the
risk of incidence of hypertension.32 Regarding plasma ET-1 levels,
some reports have demonstrated an increase by smoking,33,34

whereas another has reported a decrease.35 On the other hand,
alcohol drinking has been shown to increase the risk of incidence
of hypertension.36 Regarding plasma ET-1 levels, one study has
demonstrated no induction by alcohol drinking.37 The polymor-
phism studied in this report did not seem to be a candidate gene
responsible for incidence of hypertension because it showed no
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PCR cycle with denaturation for 30 sec at 95℃, annealing for 30
sec at 65℃, and polymerization for 60 sec at 72℃ was performed
35 times. Samples for electrophoresis were prepared with 4.0 ml
of PCR product and 0.4 ml of Loading Buffer (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). The samples were elec-
trophoresed in 6% polyacrylamide gels and DNA was visualized
by ethidium bromide staining for genotype assessment.

Statistical analysis
The SAS® software (SAS Institute, Cary, NC) was employed for
all statistical analysis. Unpaired analysis of results by a Wilcoxon
rank sum test was performed to assess whether differences of
quantitative variables between normotensives and hypertensives
were significant. Chi-square tests were calculated to evaluate the
distribution and trend of sex, lifestyle and genotype. The odds
ratios (OR) and 95% confidence intervals (CI) of each factor for
incidence of hypertension were estimated by univariate and multi-
variate unconditional logistic regression analysis. Statistical sig-
nificance was defined as p<0.05.

Ethical issue
The present study was approved by the Ethics Committee of the
Faculty of Medicine, Tottori University (No.81. 2000, and
No.128. 2001).23-27 Informed consent of gene analysis was
obtained from each study subject.

RESULTS

Sex distribution, mean value and standard deviation (SD) of age
and various quantitative variables, and distribution of lifestyle
factors at the health checkups in 1992 by incidence of hyperten-
sion in 1998 are shown in Table 1. The proportion of incident
cases of hypertension was larger in males than in females. Mean
values of age, BMI, TC, and FBS were higher in hypertensives
than in normotensives, respectively. The proportions of incident
cases of hypertension were larger in alcohol drinkers and smokers
than in nondrinkers and nonsmokers. Similar trends were
observed in subjects' age under 40 years, and 40+, respectively.

The distributions of genotype and allele frequency are shown in
Table 2. The relative frequencies of Ala/Ala, Ala/Ser, and Ser/Ser
genotypes were 49%, 41%, and 10%, respectively. The allele fre-
quencies were 70% and 30% for Ala and Ser alleles, respectively.
These results are consistent with the Hardy-Weinberg equilibri-
um. Neither the genotype nor the allele frequency showed statisti-
cal significance between incidences of hypertension. Similar
trends were observed in subjects' age under 40 years, and 40+,
respectively.

The relationships between genotype, allele frequency and inci-
dence of hypertension estimated by unconditional logistic regres-
sion analysis are shown in Table 3. The OR of Ala/Ser and
Ser/Ser against Ala/Ala by univariate analysis in whole subjects
showed a lower trend, but was not significant. The same trend
was observed by multivariate analysis adjusted for sex, age, BMI,
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No. of Subjects
Sex; M/F

Age; years
BMI; kg/m2

TC; mg/dl
FBS; mg/dl
Alcohol Drinking

Non & Ex.
Current

Smoking
Non & Ex.
Current

Age 20 to 39 y.o.

No. of Subjects
Sex; M/F

Age; years
BMI; kg/m2

TC; mg/dl
FBS; mg/dl
Alcohol Drinking

Non & Ex.
Current

Smoking
Non & Ex.
Current

Age 40 to 59 y.o.

No. of Subjects
Sex; M/F

Age; years
BMI; kg/m2

TC; mg/dl
FBS; mg/dl
Alcohol Drinking

Non & Ex.
Current

Smoking
Non & Ex.
Current
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Table 1. Characteristics of study cohort: measurements in 1992 health checkups.

132

922
540 ( 58.6%)
382 ( 41.4%)
37.1 ± 8.5 
22.2 ± 2.7 

190.3 ± 33.5 
93.5 ± 13.5 

669 ( 72.6%)
253 ( 27.4%)

581 ( 63.0%)
341 ( 37.0%)

501
318 ( 63.5%)
183 ( 36.5%)
30.8 ± 5.9
21.9 ± 2.7

184.2 ± 32.3
91.4 ± 9.8

382 ( 76.2%)
119 ( 23.8%)

292 ( 58.3%)
209 ( 41.7%)

421
222 ( 52.7%)
199 ( 47.3%)
44.6 ± 3.5 
22.6 ± 2.7 

197.5 ± 33.5 
96.0 ± 16.6 

287 ( 68.2%)
134 ( 31.8%)

289 ( 68.6%)
132 ( 31.4%)

Total

789
447 ( 82.8%)
342 ( 89.5%)
36.6 ± 8.5
22.1 ± 2.7

188.3 ± 32.4 
93.0 ± 11.6 

590 ( 88.2%)
199 ( 78.7%)

513 ( 88.3%)
276 ( 80.9%)

453
277 ( 87.1%)
176 ( 96.2%)
30.6 ± 5.9 
21.7 ± 2.7 

182.8 ± 31.8 
91.2 ± 9.9

351 ( 91.9%)
102 ( 85.7%)

276 ( 94.5%)
177 ( 84.7%)

336
170 ( 76.6%)
166 ( 83.4%)
44.5 ± 3.6 
22.5 ± 2.6 

195.6 ± 31.9 
95.3 ± 13.2 

239 ( 83.3%)
97 ( 72.4%)

237 ( 82.0%)
99 ( 75.0%)

133
93 ( 17.2%)
40 ( 10.5%)

40.2 ± 7.4 
23.1 ± 3.0 

202.2 ± 37.0 
96.7 ± 21.5 

79 ( 11.8%)
54 ( 21.3%)

68 ( 11.7%)
65 ( 19.1%)

48
41 ( 12.9%)
7 (  3.8%)

32.2 ± 5.5 
23.1 ± 3.0 

197.1 ± 33.9 
92.9 ± 8.8

31 (  8.1%)
17 ( 14.3%)

16 (  5.5%)
32 ( 15.3%)

85
52 ( 23.4%)
33 ( 16.6%)

44.8 ± 3.4 
23.1 ± 3.1 

205.0 ± 38.5 
98.8 ± 25.8 

48 ( 16.7%)
37 ( 27.6%)

52 ( 18.0%)
33 ( 25.0%)

0.0055 
< 0.0001 

0.0003 
< 0.0001 

0.0045 

0.0004 

0.0030 

0.0016 
0.0874 
0.0032 
0.0039 
0.0895 

0.0690 

0.0004

0.1044 
0.4410 
0.1081 
0.0692 
0.1897 

0.0138 

0.1258

Normotensive
in 1998

Incident cases of
Hypertension pAll Subjects

BMI :body mass index, TC:total cholesterol, FBS:fasting blood sugar.
p : p value for difference between normotensive and hypertensive

p values were determined by chi-square (sex, alcohol drinking, smoking) and Wilcoxon rank 
sum test (age, BMI, TC, FBS).



n
Genotype

Ala/Ala
Ala/Ser
Ser/Ser

Ala/Ser + Ser/Ser

Allele frequency
Ala allele
Ser allele

n
Genotype

Ala/Ala
Ala/Ser
Ser/Ser

Ala/Ser + Ser/Ser

Allele frequency
Ala allele
Ser allele

n
Genotype

Ala/Ala
Ala/Ser
Ser/Ser

Ala/Ser + Ser/Ser

Allele frequency
Ala allele
Ser allele
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Table 2. Endothelin Ala288Ser genotypes and allele frequencies by incidence of hypertension.

133

789

385 ( 48.8%)
324 ( 41.1%)
80 ( 10.1%)

404 ( 51.2%)

1094 ( 69.3%)
484 ( 30.7%)

453

220 ( 48.6%)
190 ( 41.9%)
43 (  9.5%)

233 ( 51.4%)

630 ( 69.5%)
276 ( 30.5%)

336

165 ( 49.1%)
134 ( 39.9%)
37 ( 11.0%)

171 ( 50.9%)

464 ( 69.0%)
208 ( 31.0%)

Total

133

67 ( 50.4%)
55 ( 41.4%)
11 (  8.3%)

66 ( 49.6%)

189 ( 71.1%)
77 ( 28.9%)

Age 20 to 39 y.o.

48

24 ( 50.0%)
21 ( 43.8%)
3 (  6.3%)

24 ( 50.0%)

69 ( 71.9%)
27 ( 28.1%)

Age 40 to 59 y.o.

85

43 ( 50.6%)
34 ( 40.0%)
8 (  9.4%)

42 ( 49.4%)

120 ( 70.6%)
50 ( 29.4%)

922

452 ( 49.0%)
379 ( 41.1%)
91 (  9.9%)

470 ( 51.0%)

1283 ( 69.6%)
561 ( 30.4%)

501

244 ( 48.7%)
211 ( 42.1%)
46 (  9.2%)

257 ( 51.3%)

699 ( 69.8%)
303 ( 30.2%)

421

208 ( 49.4%)
168 ( 39.9%)
45 ( 10.7%)

213 ( 50.6%)

584 ( 69.4%)
258 ( 30.6%)

0.5774 

0.7361*

0.5590 

0.6359 

0.9703*

0.6352 

0.7059 

0.8075*

0.6971

normotensive in 1998 Incident cases of Hypertension in 1998 Total p

p : p value for difference between normotensive and hypertensive.
p values were determined by chi-square test.

* : compared to Ala/Ala



The possibility that relations and siblings showed similar charac-
teristics and influenced the results cannot be denied. Fourth, the
accuracy of the record of health checkups is listed. Lifestyle vari-
ables were surveyed, through interview by public health nurses,
based on a self-statement by each subject. The presence of recall
bias is suspected. A prospective cohort study should be performed
for a more exact evaluation.

In our results, in neither univariate analysis nor multivariate
analysis after adjusting for considerable variables did the
Ala288Ser polymorphism in the ET-1 gene show a statistically
significant relationship with incidence of hypertension. The
Ala288Ser polymorphism in the ET-1 gene did not seem to be a
candidate gene responsible for incidence of hypertension among
these study subjects.
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