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Alcohol (ethanol) flushing syndrome (AFS) including 
facial flushing, headache, nausea, and palpitation 
in response to a small amount of alcohol intake is 
common among East Asians but is almost absent 
in other populations.1 AFS, therefore, is also called 
Asian flushing syndrome. Ethanol is metabolized 
to acetaldehyde by alcohol dehydrogenase 
subunit beta (ADH1B) and then to acetic acid by 
aldehyde dehydrogenase 2 (ALDH2).1 There are 
polymorphisms in human ALDH2 genes, and the 
carriers of variant ALDH2 or ALDH2*2 (Glu504Lys) 
genotype have a severely reduced enzymatic 
activity, compared to wild ALDH2, ALDH2*1.2 

The carriers of these variant genes manifest 
AFS on alcohol intake due to an accumulation of 
acetaldehyde.3 Approximately 40% of Japanese 
have ALDH2*2 genotype. Attenuation of ALDH2 
activity increases the levels of acetaldehyde and 
other reactive aldehydes and induces oxidative 
stress because mitochondrial ALDH2 reduces the 
reactive oxygen species (ROS) formation related 
to toxic aldehydes1 (Figure 1).

Coronary spasm is an important and common 
disease in cardiology. Coronary spasm is prevalent 
among East Asians, including those in Japan, but 

not in the Western populations.4 The survey on 
the prevalence of CSA at multi-institutions in Japan 
showed that CSA was documented in 921 (40.9%) 
of the 2251 consecutive patients with angina 
pectoris who underwent coronary angiography.5 
Thus, there seems to be a racial difference in 
the prevalence of coronary spasm between East 
Asians (Japanese) and Caucasians.4 We reported 
that the rate of coronary spastic angina (CSA) was 
significantly increased in patients with ALDH2*2 
genotype.6 We further presented that ALDH2*2 
genotype is a causative risk factor for ST elevated 
myocardial infarction (STEMI) in Japanese patients 
according to Mendelian randomization.7

ALDH2 removes not only acetaldehyde but also 
other toxic aldehydes, including 4- hydroxy-2-
nonenal (4-HNE) and malondialdehyde from lipid 
peroxidation or acrolein in tobacco smoke, and 
thereby protects tissues and cells from oxidative 
damage.1 Conversely, ALDH2 activity is suppressed 
by ROS and/or aldehydes.2 It is thus likely that 
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carriers of ALDH2*2 have increased reactive 
aldehydes as risk factors for coronary spasm and 
AMI.6,7 We also reported that reperfusion injury 
in AMI is more severe in the carriers of ALDH2*2, 
that is, ALDH2*1*2 or ALDH2*2*2, compared to 
ALDH2*1*1.7 ALDH2 may thus possess important 
therapeutic potential against alcoholic and other 
forms of myocardial damage as well.1 

Toxic aldehydes, which increase in carriers of 
ALDH2*2, are also important carcinogens. Many 
cancers are induced and the incidence rates of 
various cancers, especially upper aerodigestive 
tract cancers, are amplified by smoking and 
alcohol drinking significantly in carriers with 
ALDH2*2.1 Considering that cigarette smoke is 
also a source of toxic aldehyde, it is not surprising 
that smoking and heavy drinking combined with 
ALDH2*2 genotype carry the greatest cancer 
risk; indeed, ALDH2*2 carriers are frequent in 
the youngest patients with esophageal cancer.1 

Many diseases such as various cancers, Fanconi 
anemia, CSA, AMI, nitroglycerin tolerance, diabetic 
complications (via formation of advanced glycation 
end products, AGEs), osteoporosis, Parkinson 
syndrome, neurodegenerative diseases including 
Alzheimer’s disease1 could be called Aldehyde 
Related Diseases (ARD)”. We should take great care 
for ARD when treating in patients for the carriers 
with ALDH2*2 allele. The carriers with ALDH2*2 

allele are considered to have high risk for having 
complications with multiple ARD, especially with 
alcohol drinking and/or smoking. They can be 
considered to be “ARD-prone adults” (Figure 1).

In contrast, there is an important and interesting 
report that ALDH2*2 genotype is a significant 
genetic factor for male longevity of more than 
90 years in Koreans.8 This observation suggests a 
possible intriguing significance of ALDH2 gene as 
a double-edged sword. It is inferred that ALDH2*2 
genotype is thought to have favorable influence 
for survival in history of evolution for people 
living in rice-growing regions, since aldehydes 
may protect against infectious diseases, including 
parasite-born diseases, that are common in rice-
growing regions. Further research is required 
in the diversity of genetic ancestry of this gene. 
In addition, there raised the possibility that 
the lack of ALDH activity could develop other 
protective pathways against ROS. It is reported 
that transgenic mice overexpressing ALDH2*2 
induced mitochondrial aldehyde stress and 
subsequent stimulation of tolerance to oxidative 
stress with the increase of intracellular glutathione 
levels and pentose phosphate pathway (metabolic 
remodeling) in the heart.9 This compensatory 
mechanism was also demonstrated in Tetralogy of 
Fallot patients with ALDH2*2 who exhibited more 
depressed ALDH2 activity in cyanosis with the 

Figure 1
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increase of glutathione level and shown to exert 
cardio-protection10 Attenuated ALDH2 activity and 
increase of toxic aldehydes could strengthen other 
defense mechanisms against stresses (“Hormesis”) 
on some occasions and may be related partially 
to longevity of Japanese.

As for the relationships between ALDH2 genotypes 
and hypertension, a meta-analysis including 
19,608 subjects found that ALDH2*2 was the most 
crucial SNP related to the blood pressure variation 
in East Asians.11 ALDH2*2 genotype presented low 
levels of both systolic and diastolic blood pressure 
compared with those of wild type11 Considering 
that ALDH2 encodes the crucial enzyme involved 
in ethanol metabolism, its effect on blood pressure 
could be tightly associated with alcohol intake.  
Ethanol and/or acetaldehyde are known to activate 
sympathetic activity, stimulate the expression of 
angiotensin II type 1 receptor or impair endothelial 
nitric oxide activity for elevation of vascular tone 
and promotion of vascular remodeling, which 
could contribute to high blood pressure and its 
complications.

It is well recognized that individuals with ALDH2*2 
mutation tend to limit or even abstain from 
alcohol intake due to the adverse effects such 
as facial flushing and palpitation12 (Figure 1). 
Ota et al. reported that by analyzing 1,225 male 
Japanese workers, the genotype frequencies of 
ALDH2 genetic polymorphism were 62.3, 32.4 
and 4.7% for *1*1, *1*2 and *2*2, respectively. 
ALDH2 *1*1 group consumed a significantly 
higher amount of alcohol with more elevated 
alanine aminotransferase (ALT) and aspartate 
transaminase (AST), and exhibited significantly 
higher blood pressure, compared to ALDH2 *1*2 
or 2*2 group (125.5±13.7 mmHg vs 122.2±13 
mmHg in systolic and 78.6±81 mmHg vs 76.0±11.0 
mmHg in diastolic blood pressure; mean ± SD). 
There was a positive relation between systolic 
blood pressure and the amount of daily alcohol 
intake in ALDH2 *1*2 or 2*2 group.13

Although the enzymatic activity of ALDH2*1*2 is 
less than 20% of *1*1, because of the dominant 
effect of ALDH2*2, the average alcohol intake of 
ALDH2*1*2 is around 70% of ALDH2*1*1, and 
10-20% of alcoholics are ALDH2*2 carriers,14,15 

indicating that alcohol drinking behavior is 
determined by other additional factors, including 
the polymorphism of ADH1B, since blood 

acetaldehyde concentration is mainly determined 
by the activities of ADH1B and ALDH2.16

Alcohol drinkers with ADLH2*2 genotype are 
demonstrated to have high risk for ARD, such as 
alcoholic liver diseases or macrocytic anemia.17 

ALDH2*2 genotype, therefore, generates ARD 
at high probability and in great severity, in 
combination with the enormous aldehyde 
suppliers, including smoking as well as alcohol 
(Figure 1). In precision medicine, ARD-prone adults 
should be strongly counselled to quit smoking and 
alcohol and take special attention for medical care.
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