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ABSTRACT. Mongolians are known as heavy drinkers, and they
have a high incidence of essential hypertension, which may be an
associated pathology. We examined a possible association of essential
hypertension and polymorphism of the aldehyde dehydrogenase
2 (ALDH2) gene in Mongolians from Inner Mongolia. Single
nucleotide polymorphism rs671 of ALDH2 was detected by
TagMan PCR in 91 essential hypertensive patients (44 males and
47 females) and 70 healthy Mongolians (37 males and 33 females).
Frequencies of the ALDH2*1/1 genotype and the ALDH2*1 allele
in patients (91.2 and 95.6%, respectively) were significantly higher
than in controls (78.6 and 89.3%; P < 0.05), while frequencies of
ALDH2*1/2 genotype and ALDH2*2 allele in patients (8.79 and
4.4%) were much lower than in controls (21.4 and 10.7%; P < 0.05).
Frequencies of ALDH2*1/1 genotype and ALDH2*1 allele in female
patients (95.8 and 94.9%) were higher than in female controls (70.0
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and 84.9%; P < 0.05); frequencies of the ALDH2*1/2 genotype and
the ALDH2*2 allele in female patients (4.25 and 2.13%) were lower
than in female controls (30.3 and 15.2%, P < 0.05). There was no
significant difference in male subjects. ALDH2*2/2 was not found
in any of the subjects. We conclude that ALDH2 polymorphism is
associated with essential hypertension in Mongolians, especially in
female Mongolians. ALDH2*2 was found to be a negative risk factor
for essential hypertension in Mongolians from Inner Mongolia.

Key words: Aldehyde dehydrogenase 2; Single nucleotide polymorphism;
Mongolian nationality; Essential hypertension

INTRODUCTION

Essential hypertension (EH) is a chronic disease. Interaction of multiple environmen-
tal and genetic factors is involved in EH. EH patients with different genetic backgrounds may
have various responses to environmental factors (Yamamoto et al., 1993).

Previous studies showed that alcohol consumption is associated with blood pres-
sure and is a risk factor for hypertension (Beilin, 1995; Chen et al., 2008; Tsuchihashi-
Makaya et al., 2009). Aldehyde dehydrogenase 2 (ALDH2) is a crucial enzyme in alco-
hol metabolism. ALDH2, whose gene is located on chromosome 12, oxidizes aldehyde
to acetic acid mainly in the mitochondria. There is a mutation in exon 12 with G—A
substitution (single nucleotide polymorphism, SNP rs671, Glu487Lys) that inactivates the
enzyme activity (Ferguson and Goldberg, 1997). Wild-type ALDH2 (ALDH2*1/1) works
more efficiently in alcohol metabolism than heterozygous ALDH (ALDH2*1/2) and ho-
mozygous mutant (ALDH2%*2/2). It is reported that the concentration of aldehyde after
alcohol consumption in individuals with ALDH2*2/2 is three and nineteen times higher
than in individuals with ALDH2*1/2 and ALDH2*1/1, respectively (Yamamoto et al.,
1993). ALDH2*2/2 homozygotes experience facial flushing, headache, nausea, and other
adverse symptoms, and therefore, ALDH2*2/2 homozygotes can tolerate less alcohol than
ALDH2*1/1 homozygotes and ALDH2*1/2 heterozygotes. Additionally, the more frequent
the alcohol intake, the more risk there is of developing alcoholism and chronic damage to
organs (Nishiyori et al., 2005).

Studies on the genotype and phenotype of ALDH2 showed that the genotype of
ALDH?2 was related to the occurrence and development of excess alcohol consumption and
alcohol-related diseases (Morimoto and Takeshita, 1996; Chen et al., 1997, 1999), and null
ALDH2 activity was found in about 50% of the Mongolian population (Minami et al., 2002).
The Mongolian population lives on the Mongolian plateau in North China with cold climate.
They are known to be heavy drinkers. A previous study showed that there is a high incidence
of hypertension in Mongolians (Wang, 2005). Alcohol consumption may be the potential fac-
tor for the increase in blood pressure. Therefore, we hypothesized that ALDH2 may contribute
to the susceptibility to essential hypertension in the Mongolian population from Inner Mongo-
lia. In the present study, we investigated the association between ALDH2 SNP rs671 and EH
in Mongolians to provide clues for the prevention of hypertension in Mongolians and data for
SNP information in Mongolians.
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MATERIAL AND METHODS

Subjects

All subjects gave informed consent to participate in the study. Ninety-one EH patients
(44 males and 47 females) with an average age of 51.95 + 10.96 years were enrolled. Blood pres-
sure was measured three times with a sphygmomanometer and the average was recorded. Hyper-
tension was diagnosed according to WHO criteria: systolic blood pressure (SBP) >140 mmHg
and/or diastolic blood pressure (DBP) >90 mmHg, including those who received pharmacologic
treatment with antihypertensive drugs in the preceding two weeks. Individuals with secondary
hypertension, diabetes mellitus, or severe liver, kidney, and thyroid dysfunction were excluded
from the study. Seventy normotensive individuals (37 males and 33 females) with an average age
of 44.32 + 7.83 years were enrolled as the control. The normotensive individuals were selected
based on SBP <140 mmHg and/or DBP <90 mmHg, excluding those with antihypertensive med-
ication history, hypertension and other cardiovascular or cerebrovascular diseases. All subjects
were from families who had been living in the pastoral area of Inner Mongolia for at least three
generations and keeping the traditional nomadic way of life. Our experiment was approved by
the Inner Mongolia Medical College Affiliated Hospital Ethics Committee.

DNA isolation and TagMan polymerase chain reaction (PCR)

Three milliliters peripheral venous blood was drawn into sodium citrate solution, and
genomic DNA was extracted by the Genomic DNA Purification kit (TaKaRa Biotechnology,
Dalian, China). Primers and probes were synthesized by the ABI Company (USA). A 25-uLL
reaction mixture including 5 uL DNA, 12.5 uL TagMan PCR master mix, 1.25 pL primers and
probes, 6.25 uL deionized water was placed in an ABI7300 real-time PCR instrument (ABI
Company, USA). The reaction conditions were as follows: initial denaturation at 95°C for 10
min, followed by 40 cycles of denaturation at 92°C for 15 s, and annealing and extension at
60°C for 90 s. The results were analyzed by the ABI Prism 7300HT detection system, using the
SDS 1.2 software (Applied Biosystems).

Statistical analysis
Statistical analysis was performed using the SPSS 13.0 software. Data are reported

as means =+ standard deviation, and the comparison of frequencies of genotypes and alleles
between two groups was performed by the chi-square test.

RESULTS
Results of TagMan PCR

Two primers and one pair of fluorescence-conjugated probes were used in each reac-
tion. The probe of allele 1 (G), which matched with the wild type was labeled with FAM (color
red); the probe of allele 2 (A), which matched with the mutant was labeled with VIC (color
green). Only significantly increased red fluorescence indicated the homozygous allele 1 (GG),
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only significantly increased green fluorescence indicated the homozygous allele 2 (AA), and
an increase in both colors of fluorescence signals indicated the heterozygous of allele 1 and
allele 2 (AG, Figures 1 and 2). AA was not found in the samples.
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Figure 1. Single nucleotide polymorphism rs671 scatterplot of ALDH2. Allele X is allele A, shown as a red dot;
Allele Y is allele G, shown as blue diamonds. Both are heterozygous, shown as green triangles; normotensive
controls (NTC) are the blanks, shown as gray squares.
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Figure 2. Fluorescence spectrogram of ALDH2 allele G/A in selected tubes during PCR. Only FAM fluorescence
(red) increased, indicating homozygous GG (shown in the upper chart). Two fluorescence signals increased,
indicating heterozygous AG (shown in the lower chart). ROX fluorescence (blue) was the control.
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ALDH2 SNP rs671 and essential hypertension

The distribution of ALDH2 SNP rs671 was in accordance with Hardy-Weinberg ex-
pectations in the essential hypertension patients and in controls, which showed that the groups
studied were representative. Table 1 shows the general information of the subjects. There was
no significant difference in gender between the two groups (3>= 0.321, P> 0.05).

Table 1. General information of the subjects (means =+ standard deviation).

Group Age (years) Gender (male/female) Systolic pressure (mmHg) Diastolic pressure (mmHg)
Control 4432 +7.83 37/33 116.90 + 11.29 76.90 + 8.68
EH 51.95+10.96 44/47 170.00 + 25.27 109.89 +12.93

EH = essential hypertension.

The frequencies of the ALDH2*1/1 genotype and ALDH2*1 allele were 91.21 and
95.60% in patients and 78.57 and 89.29% in controls, respectively, showing that the frequen-
cies of ALDH2*1/1 genotype and ALDH2*1 allele in patients were significantly higher than
in controls (P < 0.05; Table 2). The frequencies of the ALDH2*1/2 genotype and ALDH2*2
allele were 8.79 and 4.4% in patients and 21.43 and 10.71% in controls, respectively, indicat-
ing that there were much lower frequencies of ALDH2*1/2 genotype and ALDH2*2 allele
in patients than in controls (P < 0.05; Table 2). Further analysis showed that the ALDH2*1/1
genotype and ALDH2*1 allele frequencies in female patients (95.75 and 94.87%) were higher
than in female controls (69.97 and 84.85%, P < 0.05; Table 2), and that the ALDH2*1/2 geno-
type and ALDH2*2 allele frequencies in female patients (4.25 and 2.13%) were lower than in
female controls (30.30 and 15.15%, P < 0.05; Table 2), while there was no significant differ-
ence in male subjects. ALDH2%*2/2 was not found in any of the subjects.

Table 2. ALDH2 SNP rs671 gene distribution of essential hypertension patients and controls.

Group N Frequency of genotype (%) © P Frequency of allele (%) v P
GG AG G A

Control 70 55(78.57) 15 (21.43) 5.160 0.023 125 (89.29) 15 (10.71) 4.763  0.029

EH 91 83 (91.21) 8 (8.79) 174 (95.60) 8 (4.40)

Female control 33 23 (69.97) 10(30.30) 10320 0.003  56(84.85)  10(15.15)  9.480  0.004

Female EH 47 45 (95.75) 2 (4.25) 92 (97.87) 2(2.13)

Male control 37 32 (86.49) 5(13.51) 0.000 1.000 69 (93.24) 5(6.76) 0.000 1.000

Male EH 44 38 (86.36) 6 (13.64) 82 (93.18) 6 (6.82)

EH = essential hypertension.

DISCUSSION

Our study showed that ALDH2 polymorphism was associated with essential hyper-
tension in Mongolians, especially in female Mongolians. ALDH2*2/2 was not found in sub-
jects. Results of the relationship between ALDH2 polymorphism and blood pressure reported
by previous studies were controversial. Minami et al. (2002) found that alcohol intake de-
creased DBP in the ALDH2*1/1 homozygotes, and both SBP and DBP in the ALDH2*1/2
heterozygotes and ALDH2*2/2 homozygotes in the time interval from 0 to 18.3 h, but did
not change the 24-h average blood pressure. Amamoto et al. (2002) reported that SBP and
DBP tended to decrease in the order of ALDH2*1/1 > *1/1 > *2/2 in Japanese men. Saito
et al. (2003) found that the alcohol-blood pressure relationship was significantly stronger in
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men with ALDH2*1/1 than in men with ALDH2*1/2 or *2/2. All studies indicated that the
influence of ALDH genotype on blood pressure was complex, depending on the amount of
alcohol intake, the time of blood pressure measurement, and environmental and genetic fac-
tors. In our study, we investigated the ALDH2 SNP rs671 in Mongolians who are known to be
heavy drinkers and found that the ALDH2*1/1 genotype and ALDH2*1 allele frequencies in
EH patients were significantly higher, while the ALDH2*1/2 genotype and ALDH2*2 allele
frequencies in EH patients were much lower than in controls.

Several studies have suggested that ALDH2 polymorphism is a risk factor for hyperten-
sion mainly through its association with the level of alcohol consumption. Excluding alcohol
intake, there may not be a causal relationship between hypertension and the ALDH2 genotype
(Itoh et al., 1997; Takagi et al., 2001; Amamoto et al., 2002; Chen et al., 2008; Tsuchihashi-
Makaya et al., 2009). On the contrary, Hui et al. (2007) reported that the GG (Glu/Glu) genotype
of ALDH2 was an independent risk factor for EH. There was no interaction between the ALDH2
genotype and alcohol consumption. In our study, we did not find ALDH2*2/2 in any of the
Mongolian subjects, who were free of adverse symptoms, and therefore, the Mongolians could
thus drink more alcohol and may have had a greater risk of developing EH. Consistent with
our finding, Tsuchihashi-Makaya et al. (2009) found that all the AA homozygotes turned out to
be nondrinkers. Our study suggested that ALDH2*2 was a negative risk factor of EH, and the
ALDH?2 polymorphism may be a risk factor for EH through alcohol consumption.

All previous studies had found that ALDH2 genotype is a potential risk factor for
hypertension among males (Takagi et al., 2001; Amamoto et al., 2002; Hui et al., 2007). Al-
cohol consumption was less susceptible to blood pressure in females than in males when
small amounts of alcohol were consumed (0.5 g/day), while, there were more males with
ALDH2*1/1 who drank more alcohol (more than 1 g/day), and had a greater risk of develop-
ing hypertension (Takagi et al., 2001). Our result was opposite to these studies. We found that
ALDH2 polymorphism was associated with EH in female Mongolians but not in male Mongo-
lians. The conflict in the results can be explained in part by variations in the amount and type
of alcohol intake and cultural tradition of alcohol consumption among female Mongolians. In
addition, racial background has also been suggested to play a role.

Taken together, our study found that ALDH2 polymorphism was associated with EH
in Mongolians, especially in female Mongolians. ALDH2*2 was a negative risk factor of EH
in Mongolians from Inner Mongolia. Our results address a warning about the drinking behav-
ior of Mongolians.
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