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Gene—environmental interaction regarding
alcohol-metabolizing enzymes in the Japanese

general population

Miyuki Tsuchihashi—Makayal, Masakuni Serizawa?2, Kazuyuki Yanai2, Tomohiro Katsuya3, Fumihiko Takeuchi?,
Akihiro Fujioka®, Yukio Yamori®, Toshio Ogihara® and Norihiro Kato?

Epidemiological studies have shown that excessive alcohol consumption is a potent risk factor to develop hypertension. In
addition, some polymorphisms of the alcohol metabolism genes have been reported to exert significant impacts on the risk of
alcoholism. We investigate the relevance of genetic susceptibility to drinking behavior and its influence on the sensitivity to
pressor effects of alcohol in the Japanese general population. We initially screened SNPs in four candidate genes by
resequencing. From 35 SNPs thus identified, 10 tag SNPs were selected and used for large-scale association analysis in a total
of 5724 subjects. Among the SNPs tested, significant association (P<0.001) with drinking behavior was observed for ADH1B
Argd7His (rs1229984) and ALDH2 Glu487Lys (rs671) polymorphisms. All subjects with Lys homozygote (AA genotype) of
rs671 turned out to be nondrinkers and the combination of two SNP genotypes appeared to substantially influence people’s
drinking behavior in a synergistic manner. rs671 was significantly associated with blood pressure (P=0.0001-0.0491) in
subgroups of drinkers. In the context of gene—environment interaction, our data clearly show the genetic impacts of two SNPs
on drinking behavior and of one SNP on the sensitivity to the pressor effects of alcohol in the Japanese general population.
Hypertension Research (2009) 32, 207-213; doi:10.1038/hr.2009.3; published online 20 February 2009

Keywords: alcohol dehydrogenase; aldehyde dehydrogenase; blood pressure; drinking behavior; gene—environmental interaction

INTRODUCTION

Restraint of drinking (or alcohol consumption) is often recognized as
an important strategy for lifestyle modification to prevent people from
developing hypertension and cardiovascular diseases. This is because
chronic alcohol consumption has been shown to moderately correlate
with these disorders.> However, the degree of correlation is known to
vary among individuals.

It has been known that there exist racial differences in alcohol
metabolism that appear to be substantially influenced by genetic
factors. For example, the proportion of people with low alcohol-
metabolizing activity is greater in Asians than in Caucasians.> More-
over, it has been reported that gene polymorphisms in some
alcohol-metabolizing enzymes significantly influence the risk of
developing alcoholism, that is, addictive status of drinking.4 In the
general population, drinking behavior (or alcohol preference) is
supposed to be principally defined by a combination of factors
including genetic and environmental factors. The genetic factors

regulating drinking behavior may also determine the sensitivity to the
pressor effects of alcohol.

Thus far, only a few studies have systematically investigated in the
population-based setting the relationship between drinking behavior
and gene polymorphisms in the alcohol-metabolizing enzymes.
Moreover, earlier studies have not fully examined the relationship
between genetic factors regulating drinking behavior and blood
pressure elevation (or hypertension) induced by chronic alcohol
consumption.

Under these circumstances, toward the establishment of a scientific
basis for encouraging people in sustained abstinence or restraint of
alcohol consumption, this study was designed (1) to perform candi-
date gene approach by exploring a list of gene polymorphisms that
could determine individual drinking behavior, (2) to evaluate their
genetic impacts in the large-scale Japanese general population and (3)
to investigate the influence of genetic susceptibility to drinking
behavior on the sensitivity to the pressor effects of alcohol.
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METHODS

Study subjects

In this study, we consecutively enrolled individuals who sought medical
assessment from September 2002 to August 2003 at the Amagasaki Health
Medical Foundation, Hyogo prefecture. Participants were included when they
were over 18 years of age and had full clinical examination data, along with a
completed questionnaire on lifestyle. On the basis of these inclusion criteria,
5451 individuals that comprised 3296 male participants and 2155 female
participants were enrolled in the study. During the medical assessment, the
height and weight of the subjects were measured and the body mass index
(BMI) calculated; blood pressure was measured using an automatic sphygmo-
manometer in the sitting position after at least 5 min of rest. For the purpose of
quantitative analysis, we adopted cross-sectional measurements uniformly taken
from each subject, whereas people taking antihypertensive treatment were
excluded. All study subjects were not blood relatives but provided their written
informed consent for participation. The protocol of the study was approved by
the Ethics Committee of the International Medical Center of Japan.

Assessment of lifestyle

Drinking and smoking behavior was assessed on the basis of the lifestyle
questionnaire self-administered by the subjects. According to the frequency of
drinking, the subjects were categorized into three groups: nondrinker (0 time in a
week), chance drinker (less than four times in a week) and regular drinker (equal
to or more than four times in a week). For chance and regular drinkers, alcohol
intake was reported as the usual amounts that were denoted in terms of servings
of sake (1gou [180ml] of Japanese rice wine is considered equal to 22g of
ethanol). According to the amounts of alcohol consumed, the regular drinkers
were further classified into two groups: subjects who consumed less than
1gouday~! (<1gouday™!) and those who consumed equal to or greater than
1gouday™! (>1gouday!). Also, according to the smoking habits, subjects
were classified into three groups: nonsmokers, past smokers and current smokers.

Detection of tag SNPs in four candidate genes

In alcohol metabolism, alcohol dehydrogenase (ADH) oxidizes ethanol in
alcoholic beverages to acetaldehyde, and aldehyde dehydrogenase (ALDH)
converts it to acetic acid. Both the enzymes play a key role in alcohol
metabolism. Thus, we chose four genes, ADH1A, ADHIB, ADHIC and
ALDH2, as candidate genes. Potential functional single nucleotide polymorph-
isms (SNPs) were screened by resequencing of genomic DNA derived from 48
Japanese subjects in all exons, 5’-untranslated regions (UTRs) and 3’-UTRs of
each gene (Supplementary Table S1A and B). The information of identified
SNPs was deposited in the NCBI’s SNP database (http://www.ncbi.nlm.nih.gov/
SNP/) and also in our own database, JMDBase (http://www.jmdbase.jp/
JmdBaseExt/Top.aspx).

Tag SNPs were selected for four genes with the algorithm that we reported
earlier.” Briefly, by categorizing any pair of SNPs having linkage disequilibrium
(LD) coefficient 12>0.6 into the same LD group, we defined LD block and
selected tag SNPs from each LD group. These tag SNPs were then used for
genotyping assay. LD relations between SNPs in four target genes were
graphically shown as LD plots (Supplementary Figure S1). The information
on the LD group and selected tag SNPs is shown in Supplementary Table S1A
and B.

Genotyping

Each SNP was genotyped by using TagMan SNP Genotyping Assays (Applied
Biosystems, Foster City, CA, USA) according to the manufacturer’s instruc-
tions. The sequences of PCR primers and TagMan MGB probes used in this
study are listed in the Supplementary Table S2. Allele detection and genotype
scoring were performed with ABI 7900HT sequence detection system and
Sequence Detection System software version 2.2.2 (Applied Biosystems).

Statistical analysis

SNPs were tested individually for the statistical significance of association with
drinking behavior by using the y-test statistic for genotype distributions and
allele frequencies. SNPs’ genotype departures from the Hardy—Weinberg
equilibrium were tested using a y>-test with 1 degree of freedom. As for SNPs
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that were shown to be associated with drinking behavior, we performed not
only an analysis of variance to evaluate their influences on blood pressure but
also an analysis of covariance to control for the confounding factors. In
addition, we performed a linear regression analysis that included ALDH2
rs671 genotype, age, BMI, the amounts of drinking and smoking status to
determine the predictor of increased blood pressure separately by sex. All
statistical analyses were performed by using SPSS 14.0] for Windows.

RESULTS

Characteristics of study subjects and SNPs related to drinking
behavior

Characteristics of study subjects are shown in Table 1. The average age
of the subjects was 48.8 years and the proportion of male subjects was
60.4%. The percentages of male and female regular drinkers were 55.5
and 14.9%, respectively, and those of male and female nondrinkers
were 14.5 and 38.7%, respectively.

The results of genotyping are shown in Table 2. We evaluated the
influence of 10 tag SNPs (1 from ADHIA, 2 from ADHIB, 3 from
ADHIC and 4 from ALDH2) on drinking behavior. In the compa-
rison between regular drinkers and nondrinkers, significant differences
were observed for ADH1B Arg47His (rs1229984, G-to-A polymorph-
ism) and for four tag SNPs from ALDH2, including Glu487Lys (rs671,
G-to-A polymorphism) in both male and female subjects in all genetic
models tested. In addition, modestly significant differences were
observed for ADHIA rs2276332 in both sexes and ADHIC
rs1693431 in female subjects. Among the four ALDH2 tag SNPs,
rs671 showed the most significant association with drinking behavior
(P=2.9x10"2°! in male and 3.2x107° in female subjects by allele
frequency comparison) and the other SNPs did not show additional
contributions to the association when evaluated by logistic regression
(data not shown). It is noted that 22.7% of nondrinkers (both sexes
combined) possessed Glu homozygotes (GG genotype) of ALDH2
rs671, whereas no male and female drinkers had Lys homozygotes (AA
genotype) of rs671.

Next, synergistic effects of two significant SNPs on drinking
behavior were estimated separately by sex. Subjects with GG genotype
of ALDH2 rs671 turned out to be regular drinkers in most (99%) of

Table 1 Clinical characteristics of participants

Variables All Male Female
Number of subjects 5451 3296 2155
Age (year) 48.8+12.8 49.1+13.1 483+11.9
Male (%) 60.4 — —
Body mass index (kg/m?2) 23.0+3.4 23.7+3.3 22.0%+3.2

Blood pressure

Systolic blood pressure (mmHg) 124.2+18.1 127.7+17.6 118.7+17.4

Diastolic blood pressure (mmHg) 75.8+11.5 783%11.3 72.1+10.9
Drinking behavior
Non drinker (%) 24.2 14.5 38.7

Past drinker (%) 1.2 1.5 0.8

Chance drinker (%) 35.2 28.6 45.6

Regular drinker (%) 39.4 55.5 14.9
Smoking behavior

Non smoker (%) 55.4 37.5 82.6

Past smoker (%) 9.9 14.2 3.3

Current smoker (%) 34.7 48.3 14.1

Values are mean *s.d.
For some variables, subjects with insufficient information are not included in the calculation.
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Table 2 Test of association between drinking behavior and 10 SNPs selected from four ethanol-metabolizing genes

Female

Male

Major (M)/

Allele

Allele Genotype

Genotype

minor (m) Orientation/

Gene

dbSNP

allele strand

symbol

number

OR (95%Cl)

12 test

12 test, P-value MAF

OR (95%Cl)

72 test

MAF

72 test, P-value

Nondrinket/

Dominant/Recessive/

Nondrinker/

Dominant/recessive/

P-value

Drinker?

2% 3 contigency

P-value

Drinker?

2% 3 contingency

1.51
1.68
1.21
1.44
2.94
1.33

0.019

0.06/0.02
0.22/0.06
0.08/0.02
0.05/0.01

0.032/0.161/0.064
2.4x107%4.6x10751.8x1076

1.51
1.26
1.06
1.09
1.06
1.16
0.08
2.35
291

0.008
0.010

0.05/0.01
0.21/0.25
0.08/0.02
0.04/0.01
0.14/0.03
0.05/0.01

0.007/0.565/0.026
0.047/0.013/0.020

rev/B
fwd/T
fwd/B
fwd/B
fwd/B

T/G
AG

ADHIA

rs2276332

5.5x10-7
0.235

rs1229984 ADH1B

0.317/0.266/0.400
0.047/0.534/0.101

0.664

0.698/0.754/0.910

G/T

T/C

ADH1B

rs11499823 ADH1C

rs4147536
rs4147541

0.062

0.639

0.579/0.590/0.711

0.14/0.03  0.020
0.06/0.01

0.046/0.047/0.040

0.608
0.367
2.9x10251

0.855/0.236/0.492

0.352/0.968/0.646
4.7x107140/3,0x107182/3.0x10-231  0.65/0.13

G/C
A/lC

ADH1C
ADH1C
ALDH2

0.100

0.077/0.534/0.158
8.4x10754/6.3x10713/4.0x1075* 0.43/0.1

rev/T
fwd/T
fwd/T

rs1693431

rs671

3.2x107%° 0.15

0.001

G/A
C/A

1.50
1.82

0.14/0.02
0.14/0.05

0.012/2.1x107%/3.2x10°°

2.1x10-12
3.3x10°2!

0.08/0.01
0.09/0.03
0.18/0.02

3.5x10712/0.001/7.7x1012

rs4646778  ALDH2

rs886205

2.0x1077

3.1x1076/0.001/3.4x10°6
1.0x1077/1.4x1010/2.7x10-12  0.29/0.07

1.8x1029/1.3x10-5/5.5x10-20
1.2x107397.4x10-18/5.5x 1043

rev/T
fwd/B

G/A

Del/Ins

ALDH2
ALDH2

2.9%x10°12 1,94

3.0x10743 3.34

rs4646775

2Drinkers are defined as regular drinkers and past drinkers and chance drinkers are not included in the dichotomous analysis regarding drinking behavior.
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the cases where they simultaneously possessed AA genotype of
ADHIB 1s1229984. Thus, the combination of two SNP genotypes
appeared to substantially influence drinking behavior (Table 3). When
subjects with AA genotype of ADH1B rs1229984 and AG genotype of
ALDH2 rs671 were considered as a reference group, the combined
odds ratios were calculated to be 46.0 (95% CI, 6.3-334.2) in male and
16.0 (95% CI, 7.63-33.63) in female subjects with double homozy-
gotes of ‘drinking-prone’ allele, that is, G allele in both loci. When
odds ratios were compared for the association between each of the two
loci or their combination and drinking behavior, the odds ratios for
the combination were markedly higher than those for each locus,
indicating that the combination of the two SNPs exerts synergistic
effect on drinking behavior (Figure 1).

Influences of two SNPs related to drinking behavior on blood
pressure

The relationship between blood pressure and two SNPs that we found
to be significantly associated with drinking behavior was further
evaluated in each category of drinking behavior (Table 4). The
difference in systolic blood pressure between the subjects with AG
genotype of ALDH2 rs671 and those with GG genotype was
1.9 mm Hg (P=0.018) and 2.6 mm Hg (P=0.0001) for chance drinkers
and regular drinkers (> 1gouday~'), respectively, in all subjects. The
diastolic blood pressure was also significantly higher (1.9 mm Hg,
P<0.001) in subjects with GG genotype of ALDH2 rs671 than in
those with AG genotype for regular drinkers (> 1gouday~!). How-
ever, no significant relationship was found between ADH1B rs1229984
and blood pressure in any category.

In the category of male regular drinkers (>1gouday™!), GG
genotype of ALDH2 rs671 was found to be an independent predictor
of increased systolic (B-coefficient=2.96, P=0.03) and diastolic (B-
coefficient=2.26, P=0.01) blood pressure after adjusting for the
amounts consumed at one time (Table 5). Figure 1 shows blood
pressure measurements (in y axis) plotted against the amounts of
alcohol consumption (in x axis) according to the ALDH2 rs671
genotype (GG vs. AG) to visually show a relationship between the
two parameters. In accordance with the results of linear regression
analysis (Table 5), there was a rough tendency of blood pressure
elevation according to the increased amounts of alcohol consumption
in female subjects but not apparently so in male subjects in our
population studied.

DISCUSSION

We have identified through the candidate gene approach that two
SNPs, ADH1B rs1229984 and ALDH?2 rs671, are commonly found in
the Japanese general population and that they significantly influence
drinking behavior in a synergistic manner. In addition, it is suggested
that ALDH2 rs671 influences the level of blood pressure indepen-
dently of the amounts of alcohol consumption.

Several studies have been reported to test the genetic association
between drinking behavior and candidate gene polymorphisms in
the alcohol-metabolizing enzymes such as ADHIB and ALDH2 in
alcoholic patients.>® Only a few studies, however, have explored
this type of association in a population-based setting. Liu et al’
performed an association study between drinking behavior and
153 SNPs derived from 40 candidate genes in 339 middle-aged men.
In their study, a multivariate analysis showed modest association
between drinking behavior and ALDH2 rs671. Owing to the sample
limitation (modest size and enrollment of male subjects only), this
finding needs to be validated in the large-scale Japanese general
population.
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Table 3 Odds ratios for drinking behavior associated with combinations of ADH1B (rs1229984) and ALDH2 (rs671) polymorphisms

Male Female
rs1229984 genotype rs1229984 genotype
rs671 genotype AA AG GG rs671 genotype AA AG GG
AA — — — AA — —_—
(0/114) (0/71) (0/13) (0/70) (0/41) (0/9)
AG 1 [Reference] 1.34 [0.96-1.88] 7.96 [2.42-26.16] AG 1 [Reference] 1.76 [1.00-3.10] 10.68 [4.39-25.98]
(249/145) (177177) (41/3) (28/299) (26/158) (12/12)
GG 13.36 [8.96-19.93] 15.29 [9.26-25.26] 46.00 [6.33-334.17] GG 9.55 [6.06-15.06] 13.04 [8.06-21.09] 16.02 [7.63-33.63]
(780/34) (499/19) (79/1) (127/142) (105/86) (24/16)

The odds are presented in parentheses, where the numbers of the left (and right) side of the slash represent drinkers (and non-drinkers) with a given combination of genotypes. The figures in square
brackets are 95% confidence intervals of the odds ratios. Here, the odds ratios are calculated by comparing a series of subgroups against a ‘reference’ with homozygous non-drinking alleles (AA)
at rs1229984 and heterozygous alleles (AG) at rs671. The odds ratios are not shown in subgroups with homozygous non-drinking alleles (AA) at rs671 because there are no drinkers with the

corresponding genotypes.

50 -
46.00
45 -

35 A
30 -

Odds ratio
N
(3,1

20 A
16.02

15
101 8.12 7.01

5 - .

1.10 _2.08 M
0
rs1229984 rs671 rs1229984 * rs671 rs1229984 rs671 rs1229984 * rs671

GG vs AG GG vs AA

GG vs AG GG/GG vs AA/AG

GGvs AGGGvs AA GGvs AG GG/GG vs AA/AG

Figure 1 Comparison of odds ratios for the association of rs1229984, rs671 and their combination with drinking behavior in male and female subjects.
Rs1229984 and rs671 indicate the odds ratios for the respective loci, and rs1229984*rs671 indicates the odds ratio for the combination of the two loci.

It is well known that drinking behavior is principally defined by a
combination of factors, that include constitutional intolerance (heri-
table or genetic factors),>®” the status of mental health (psychological
factors)® and the drinking habits of the spouse (environmental
factors).’ In this study, after screening of 10 tag SNPs derived from
four candidate genes in the alcohol-metabolizing pathway, we have
come across two notable SNPs, ADH1B rs1229984 and ALDH2 rs671,
that appear to be significantly associated with drinking behavior. In
particular, ALDH2 rs671 seems to confer strong constitutional intol-
erance to alcohol and we have found that there is an inverse relation
between the amounts of individual alcohol consumption and the
frequency of ‘intolerance-type’ A-allele of rs671 (see Supplementary
Figure S2), suggesting the multifactorial regulation of alcohol
preference.

The A-allele frequencies of ALDH2 rs671 are 65% (male subjects)
and 43% (female subjects) in nondrinkers, and the percentages are
relatively concordant among different studies that have enrolled the
Japanese general subjects in a population-based setting. It has been
reported that the corresponding allele frequencies are 57% (male
subjects) and 35% (female subjects) in nondrinkers in two earlier
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studies,'®!! where the average age of the participants is 8—11 years

older and the population structure (for example, people’s lifestyle and
profession) is supposed to be different from that in this study. In
addition, we have identified the synergistic influences of ALDH2 rs671
and ADHI1B 151229984 to confer alcohol intolerance; the combined
odds ratios were calculated to be 46.0 (95% CI, 6.3-334.2) in male
subjects and 16.0 (95% CI, 7.63-33.63) in female subjects (Table 3).
Matsuo et al.!? also studied the association between drinking behavior
and the combination of the SNPs, which were the same as those
examined in this study. They found an obvious association between
ADH2 minor allele and drinking behavior in the group of subjects
heterozygous for ALDH2. The association was stronger than that in
the group of subjects having other ALDH2 genotypes. Discrepancies
between the results obtained in studies by Matsuo et al.!> and by us
may arise from differences in the study population. Matsuo et al.'?
conducted the study with outpatients visiting the hospital for the
treatment of any disease and not having an earlier history of cancer or
alcoholism. These patients might change their drinking behavior on
the occasion of their illness. Therefore, it is speculated that the
drinking behavior of these patients was different from that of the
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Table 4 Influence of ADH1B (rs1229984) and ALDH2 (rs671) polymorphisms on blood pressure according to drinking behavior

rs1229984
Non drinker Chance drinker Regular drinker (< 1 gouday1) Regular drinker (> 1 gouday 1)
AA AG GG AA AG GG AA AG GG AA AG GG
All
No. of subjects 764 448 56 1049 665 76 563 376 62 475 346 73
SBP (mm Hg) 121.6+0.6 120.9+0.7 121.3+2.0 1189+0.5 1189%0.6 118.3+1.7 122.5+0.6 123.4+0.7 123.6+1.8 129.1+0.7 129.4%0.8 129.4+1.8
DBP (mm Hg) 73.7+0.3 73.4+0.4 73.5+1.3 72.5+0.3 72.2+0.4 713+1.1 75.3+0.4 75.9+0.5 75.6+1.2 79.7+0.5 80.0+0.5 79.3+1.2
Male
No. of subjects 300 177 16 522 317 27 449 286 36 441 315 65
SBP (mm Hg) 124.4+09 124.2+1.2 1253+39 123.3+0.7 123.5+0.8 126.2+2.9 124.3+0.7 125.5+£0.9 123.6+25 130.0+0.7 130.2%+0.9 129.8+1.9
DBP (mm Hg) 76.2+0.6 75.6+0.8 759+2.5 75.3+0.4 75.1+0.6 76.0£1.9 76.5+£0.4 76.9+0.5 75.4+1.5 80.2+0.5 80.4+0.6 79.5+1.2
Female
No. of subjects 464 271 40 527 348 49 114 90 26 34 31 8
SBP (mm Hg) 119.8+0.7 118.7+0.9 1194+23 1147+0.6 1148+0.7 112.8+£2.0 116.7+1.1 116.4+1.3 119.7+24 1189+2.7 120.3+2.8 122.8+5.5
DBP (mm Hg) 72.2+0.4 71.9+0.6 72.1+1.5 69.8+0.4 69.4+0.5 68.0+1.3 71.3+0.8 72.5+0.9 73.6+1.6 74.7+1.8 735+1.8 75.7+3.6
rs671
Non drinker Chance drinker Regular drinker (< 1 gouday=1) Regular drinker (> 1 gouday=1)
GG AG AA GG AG AA GG AG AA GG AG AA
All
No. of subjects 309 655 304 1036 731 23 689 312 — 727 167 —
SBP (mmHg) 121.8+09 121.6+0.6 120.2+0.9 119.8+05 117.9+0.5* 112.5+3.0* 123.3+0.5 122.0+£0.8 — 129.7+5.7 127.1+1.2" —
DBP (mm Hg) 73.4+0.6 73.7+£0.4 73.6+0.6 72.6+0.3 72.0+£0.4 70.2+£2.0 74.9+£0.5 75.8+0.3 — 80.1£0.4 78.0+0.8"
Male
No. of subjects 75 229 189 415 432 19 513 258 — 662 159 —
SBP (mm Hg) 124.6+1.8 125.6+1.0 122.8+1.1 123.9+0.8 123.3+0.7 117.0+£3.5*% 125.1+0.7 124.0+£0.9 — 130.7+0.6 127.6+1.2** —
DBP (mm Hg) 76.4+1.2 76.4+0.7 75.3+0.7 75.4+0.5 75.2+0.5 725+23 76.8+0.4 76.2+0.6 — 80.7+0.4 78.3+0.8** —
Female
No. of subjects 234 426 115 621 299 4 176 54 — 65 8 —
SBP (mmHg) 119.5+#1.0 119.2+0.7 119.9+1.4 1155+06 1129+0.8** 110.0£6.9** 117.6+0.9 1145+1.7 — 119.3+19 125.3+54 —
DBP (mm Hg) 71.6+0.6 72.1+0.5 73.2+0.9 69.9+0.4 68.9+0.5 70.0+4.6 726+0.6 * 70.0+1.1 — 74.0+1.2 76.5+3.5 —

These values are adjusted for the following covariance; age, sex (only analysis for all subjects), BMI and smoking status (current smoking or nonsmoking). *P<0.05, **P<0.01. Significant associations were not found with AA vs. AG in chance drinkers.

Subjects with treatment of hypertension, insufficient information of smoking status are not included in the calculation.
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Table 5 Predictive factors of increasing blood pressure among regular drinkers (> 1 gouday—!)

B-coefficient SE P-value
SBP/DBP SBP/DBP SBP/DBP
Male
rs671 [GG-AG] 2.96/2.26 1.37/0.87 0.03/0.01
Age (years) 0.39/0.21 0.05/0.03 2.0x1071%/3.2x10-11
BMI (kg/m?3) 1.40/1.03 0.19/0.12 1.3x1013/1.0x10-16
Current smoking —1.28/-1.56 1.13/0.72 0.26/0.03
Amount of drinking (gou day—1) 0.86/0.64 0.816/0.52 0.29/0.22
Female
rs671 [GG-AG] —5.06/-1.80 5.44/3.53 0.36/0.61
Age (years) 0.23/0.21 0.22/0.15 0.31/0.15
BMI (kg/m?3) 1.50/0.83 0.58/0.37 0.01/0.03
Current smoking 0.39/-0.27 3.49/2.26 0.91/0.91
Amount of drinking (gou day~1) 7.09/4.96 2.38/1.54 0.004/0.002

The corresponding values are shown for systolic blood pressure (SBP) and diastolic blood pressure (DBP) separately. A total of 821 subjects were included in the multivariate analysis. Subjects with
treatment of hypertension, insufficient information of smoking status are not included in the calculation.

general population enrolled in our study. A series of earlier studies
have reported the functional significance of ALDH2 rs671 and
ADHIB rs1229984,'>!4 both of which lead to amino acid substitutions
and distinct activities of complementary key enzymes in the alcohol-
metabolizing pathway; that is, alcohol dehydrogenase (ADH) that
catalyzes the conversion of alcohols to acetaldehydes and aldehyde
dehydrogenase (ALDH) that oxidizes acetaldehyde to acetic acid.
Thus, a varied combination of factors in individual genetic impacts
attributable to ALDH2 rs671 and ADH1B rs1229984 seem to take a
substantial part in the regulation of drinking behavior in the popula-
tion at large, and the genotype information on these two SNPs is
useful for predicting individual alcohol preference in the Japanese.

The most interesting finding in our study is that the ALDH2 rs671
genotype can modify the alcohol-blood pressure relationship addi-
tionally to alcohol preference. Several studies have investigated the
influence of rs671 genotypes on blood pressure.!!>17 Almost all
earlier studies, except for the one by Itoh et al., have reported that
ALDH2 rs671 cannot significantly influence the alcohol-blood pres-
sure relationship.'® The following reasons may account for discrepan-
cies between the results of our study and those of others: (1) sample
size is relatively small in other studies; (2) physiological, aging-related
blood pressure elevation is not negligible when the average age of the
participants is relatively high in some studies; (3) the confounding
pressor effects of the amounts of alcohol consumption may not be
sufficiently adjusted for by multivariate analysis alone using the entire
study population; and (4) nondrinkers should be excluded from the
analysis to evaluate ‘gene—environment (that is, alcohol intake in this
case) interaction.

Blood acetaldehyde concentration is considered to play some role in
the involvement of ALDH genotype in the alcohol-blood pressure
relationship. It has been known that ALDH2 polymorphism has a
strong association with the accumulation of acetaldehyde. When an
ethanol loading test was carried out in groups of subjects having three
different genotypes of two alleles in the ALDH2 locus, the peak blood
concentration of acetaldehyde was higher in the order of the subjects
having ALDH2 Lys homozygote, heterozygote and Glu homozygote,
and there were significant differences among the three groups.!® In
addition, it has been reported that acetaldehyde exerts vasodilating
effects, especially with acute administration. A direct vasodilating
action of acetaldehyde,?® and indirect vasodilation mediated by the
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release of prostacyclin from the vascular wall?! and by activation of the
kinin system,?? were proposed to be the mechanisms of action of this
effect. In addition, concerning the influence of ALDH genotype on the
alcohol-blood pressure relationship, Kawano et al.>> showed in their
study with hypertensive patients that the acute reduction of blood
pressure by ethanol intake was greater in patients who showed facial
flush after alcohol intake (ALDH2 Lys homozygotes) than in patients
who did not (Glu homozygotes). In this study, we also found a
reduction in blood pressure in subjects heterozygous for ALDH2
rs671, suggesting the influence of vasodilation by acetaldehyde. How-
ever, it is difficult to conclude that the blood pressure reduction was
induced by the acute effect of acetaldehyde because of a lack of
information about time after the last drink and the amount of alcohol
intake of the subjects in this study. Further study will be required to
elucidate the mechanism of the influence of ALDH genotype on the
alcohol-blood pressure relationship.

In this study, the influence of ALDH2 rs671 polymorphism on
alcohol-blood pressure relationship was found only in men. The
reason for the failure to show the elevation of blood pressure in the
female counterpart is unclear, but may be due to smaller number of
regular drinkers in the female than in the male subject in this study. It
is also possible that we were not able to evaluate the influence of the
amount of alcohol intake sufficiently because of the lack of detailed
information about the amount of individual alcohol intake in terms of
ethanol. To verify this result, further studies will be needed with a
sufficient number of female subjects and detailed information on their
alcohol intake.

There are limitations in this study. First, several epidemiological
studies have shown that some dietary factors such as total energy
intake, salt consumption and coffee drinking are important determi-
nants of blood pressure,24 but no nutritional information is available
in this study. In addition, although we have evaluated the alcohol-
blood pressure relationship according to the frequency and the
amounts of alcohol intake, it is possible that the drinking pattern
(cumulative or periodic) can affect the alcohol-hypertension relation-
ship.2> Moreover, we could not obtain information on the duration of
alcohol intake or the time after the last drinking, which may affect the
relationship between alcohol consumption and blood pressure. Finally,
this study analyzed only casual blood pressure, which may over-
estimate the pressor affect of alcohol in each individual, especially in



the Japanese. These issues warrant further investigation in the context
of gene—environment interaction.

In conclusion, our data suggest that not only environmental factors
but also genetic factors substantially determine drinking behavior in
the Japanese general population. Furthermore, the genetic factors can
influence the sensitivity to pressor effects of alcohol. These findings are
useful in terms of the individualization of treatment strategies
employed to reduce alcohol consumption.
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