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HBRER I AR, ~ HE L R R A= R
FREE IV IEAHRA[22] -

AR B LK " Taiwan
Biobank, TWB | H 2012 £F Bl 8 I 2 L
A E2024FCRMEEE T E A2
BB - MHEREUR TR B - &%
A RUERE S 2 A AN -2 iR DN S i NP SPNE &
TE[23,24] ° — TS o Ja B e RS AR S X
FHEAPERIIATER » WA IREUR - BRI
ANEHEFFALDHTAL rs12514417 TGE,GG
FERA - BRSO EERREL 150 =2
FE o+ PR SRR I Hp R JE B T RE & g
[25] - So— i P LTS BE R L T vk o0 A
TWBHIHZE » {F#IZHADHIB 151229984
S ALDH2 1567 1 i e 35 {8 58 F2 1 oy T HL A8
& 0 WFFTIRE i O A8 R B K] 72
] Y B 4% [23] - LLADHIB rs1229984
instrumental variablesi¥ » fEHV PGS Bl 534
H i v FA SRR R 2 P R AR Y 5 R R
H B - LLALDH2 rs671 J instrumental

I8 REpk

A% 27

variablesitf - S rR I E Y B 2 H B 15
B~ WCHERE ~ BPIRIR - ZZIEIRE - —ERH
TEEIE e M T P o A g I e e ]
AR - M E IR B A
] LR B AR A AR R ~ BRI (s =
W Hr AR A R [23] © ARIZREITFERIRS 3 -
FEEAARE RS R T - BOlATRE
A BEARE L8O U VB[R] 1o B - AR
1M+ SEAZFER A] DU BIGH AT RERT AR
HAERRA T - HATNS - 70722 E 20

GEAHE— 25 RSB -

BALDH2ERZREIA -
PERZMHRE?

RAEYHACWBEKE > Hid
ALDH2* 288 SN (R A1 = EE R TR 2
— iRk - T E (AR R A 2
SRR T A PRI AR AR
[26] - LISt E A 2R - B ni il &
ALDH2*2J61 7 it B BRYFF A 94 22 KA
1T Z A AEF MU R - B
pe—fEE - ALDH2*2 857735 BHP R 1Y
N3 e T 2 AR B A M R & - B
b P RS P RO B S R B ) 2 B TR
IR > FTRESE S RAF LR BRUAT R JERAS
FFREAERIT #5[27] - SakauseZE A2 T
ALDH2*2%.0 8 E) ~ RIMVEF R - BF
st LRI AL 8% 18 i L 71 £ FH o PR P
[15] - HBAZ - ER WYt ALDH2ER
Z 38 AL R RS EE A PRRE A - WTRE
HNRALDH2* 28577 & e IR Y H &
RAVHINARA28] - ALDH2*288 B n] REAE
R et ME AR Tt - ALDH2AL
[T LR P 0 i B o PR A 2 ' L 92
BB Mt 8 T R AMTERIREI X
ME o MFFHEZEIEER o DUBRE L (8
ALDH2*2 8 5§ Ko ARARREE th 40 LE 2% 5 1y



28 B R il AR AR B AR

— R A

EREEMEERE
AT K B IRAYAT B

bR T E PRl 2 A - BRRFREAIE
(Rl - JGH 2 CRISPR-CasOfi iy + J4F
SRAEAELE R MR T S 1 B R
[29] » ReiEHE ALDH2{RZ HF4E T H UG
JERJREM: - MatsumuraSE A 7538 i AH BRI
2 K K] 8 5 # % (adeno-associated virus
vector) Y £ 1l [30] » #F A #HALDH2 4]
(AAVrh.10hALDH2)§# %% (gene transfer) %]
Aldh2 knockout ( EEFEIZIE ) (Aldh2—/—)1
Bz Aldh2 E487K knockin ( £ Kl #% A )
homozygous (Aldh2 E487K+/+) /[N B
[31] » £23% - SR A AR AR/ N AR
Bz ZBRINIMIE BRI AT Ry
DAGHAS Z B HUATRES [BERYZMEAEAR &5
FEUR - ARSI (gene transfer)fRAT/]\
EEAH B+ M G 22 Aldh2—/—fH & 2 Aldh2
E487K+/+iH » HJRB AR Z IR A
FERFRIIT R R B - (A — B SeE e —2
EITIIE - A RER R4 - TR
12 R A R ) H e A & LB U
(10% B 15%EBZEE) » DIEEE M
BRI AT REA SR AR B 52 28 [32] » BEIF5E
B H - REKER R/ E R e TH
/3 A 3 1 1 1 2 P B R 1 26 T L T
B RIRING ZEHERE ~ N
(malondialdehyde, MDA)JE & 7} - f4&
N~ MIALSR (hemoglobin) JR gk ~ 5E
By R BN R - RIEDNAR G
DNAf#)(DNA adduct)fHERE » DL E
HERBRAIRA: - FEE AR » 17
T LRI FCRER FT2eh; » TR
HTALDH2ERZ 1Y AP T REE = -

Taiwan J Fam Med
2025 Vol.35 No.1

#w

AEH TS RS B R
B BTt R B BN SR
e R B AE R B SR Hn 7 SR AR 3
T3 o i A A A Y ALDH2 EE XY m] E
AU A SR HAR A TR -
LUF 96k 2 105 4% AH BR 9 E 1 3% 2B R -
ALDH2 FE K| fifi b w1 3135 L6305 4 HH B 48
R R B e B - A BIHHE A BRI TE
BRI - RS S SRR AH B R A A
o RERBERIGET - DOER
REYEAR « ot - $577 ALDH2*2 i £
KA RS AH BRI AE IR A FTREBE A S R Ak
FEAE R AR BEE - KB TRERR 2 %
AIBTFERTERRRE SR AR » R2K - ]
DL 58 3% AL B2 TP B 5 3k - 2Rk 1R
ALDH2EJZIRE » DA 1k v Ja e (1 2 8 4
AR REAE -

ZENR

1. Harada S, Agarwal DP, Goedde HW: Goedde,
Aldehyde dehydrogenase deficiency as cause
of facial flushing reaction to alcohol in
Japanese. Lancet 1981; 2: 982.

2. GBD 2016 Alcohol Collaborators: Alcohol
use and burden for 195 countries and
territories, 1990-2016: a systematic analysis
for the Global Burden of Disease Study 2016.
Lancet 2018; 392: 1015-35.

3. Shield KD, Parry C, Rehm J: Chronic
diseases and conditions related to alcohol use.
Alcohol Res 2013; 35: 155-73.

4. Burton R, Sheron N: No level of alcohol
consumption improves health. Lancet 2018;
392: 987-8.

5. World Health Organization: Global status



22 BE >
LEHREL

RE114E354%1 EZ4H hudr

report on alcohol and health and treatment of
substance use disorders. Geneva: World
Health Organization, 2024.

6. White IR, Altmann DR, Nanchahal K:
Alcohol consumption and mortality:
modelling risks for men and women at
different ages. BMJ 2002; 325: 191.

7. Baan R, Straif K, Grosse Y, et al:
Carcinogenicity of alcoholic beverages.
Lancet Oncol 2007; 8: 292-3.

8. Braun T, Bober E, Singh S, et al: Evidence
for a signal peptide at the amino-terminal end
of human mitochondrial aldehyde
dehydrogenase. FEBS Lett 1987; 215: 233-6.

9. NiL, Zhou J, Hurley TD, et al: Human liver
mitochondrial aldehyde dehydrogenase: three-
dimensional structure and the restoration of
solubility and activity of chimeric forms.
Protein Sci 1999; 8: 2784-90.

10. Sudo K: Enzyme kinetics for enzyme
immunoassay. Nihon Rinsho 1995; 53: 2134-9.
[In Japanese]

11. Obach RS, Reed-Hagen AE: Measurement of
Michaelis constants for cytochrome P450-
mediated biotransformation reactions using a
substrate depletion approach. Drug Metab
Dispos 2002; 30: 831-7.

12. Klyosov AA, Rashkovetsky LG, Tahir MK, et
al: Possible role of liver cytosolic and
mitochondrial aldehyde dehydrogenases in
acetaldehyde metabolism. Biochemistry 1996;
35: 4445-56.

13. Chen CH, Ferreira JC, Gross ER, et al:
Targeting aldehyde dehydrogenase 2: new
therapeutic opportunities. Physiol Rev 2014;
94: 1-34.

14. Yoval-Sanchez B, Rodriguez-Zavala JS:

Differences in susceptibility to inactivation of

oA EF

15.

16.

17.

18.

19.

20.

21.

22.

29

human aldehyde dehydrogenases by lipid
peroxidation byproducts. Chem Res Toxicol
2012; 25: 722-9.

Sakaue S, Kanai M, Tanigawa Y, et al: A
cross-population atlas of genetic associations
for 220 human phenotypes. Nat Genet 2021;
53:1415-24.

HuY, Tan A, YuL, et al: A phenomics-based
approach for the detection and interpretation
of shared genetic influences on 29
biochemical indices in southern Chinese men.
BMC Genomics 2019; 20: 983.
Nakagawa-Senda H, Hachiya T, Shimizu A,
et al: A genome-wide association study in the
Japanese population identifies the 12q24
locus for habitual coffee consumption: The J-
MICC Study. Sci Rep 2018; 8: 1493.

Matoba N, Akiyama M, Ishigaki K, et al:
GWAS of 165,084 Japanese individuals
identified nine loci associated with dietary
habits. Nat Hum Behav 2020; 4: 308-16.
Suzuki T, Nakamura Y, Matsuo K, et al: A
genome-wide association study on fish
consumption in a Japanese population-the
Japan Multi-Institutional Collaborative
Cohort study. Eur J Clin Nutr 2021; 75: 480-8.
Nishiyama T, Nakatochi M, Goto A, et al:
Genome-wide association meta-analysis and
Mendelian randomization analysis confirm
the influence of ALDH2 on sleep durationin
the Japanese population. Sleep 2019; 42:
z52046.

Im PK, Yang L, Kartsonaki C, et al: Alcohol
metabolism genes and risks of site-specific
cancers in Chinese adults: an 11-year
prospective study. Int J Cancer 2022; 150:
1627-39.

Millwood IY, Walters RG, Mei XW, et al:



Taiwan J Fam Med

30 B R il AR AR B AR 2025 Vol.35 No.1

Conventional and genetic evidence on alcohol
and vascular disease aetiology: a prospective
study of 500 000 men and women in China.
Lancet 2019; 393: 1831-42.

23. Chien PS, Wong TJ, Tai AS, et al: Examining
the causal association between moderate
alcohol consumption and cardiovascular risk
factors in the Taiwan Biobank: a Mendelian
randomization analysis. Front Cardiovasc
Med 2024; 11: 1456777.

24.Feng YA, Chen CY, Chen TT, et al: Taiwan
Biobank: a rich biomedical research database
of the Taiwanese population. Cell Genom
2022;2:100197.

25 B FE - LRI SRR Z B S 1 B2 RE
PEAEWSRE 23R N E i EAYE R - il
BRI AR B R M i S 2023
56H

26.Field Y, Boyle EA, Telis N, et al: Detection
of human adaptation during the past 2000
years. Science 2016; 354: 760-4.

27.Lin YP, Cheng TJ: Why can't Chinese Han
drink alcohol? Hepatitis B virus infection and

the evolution of acetaldehyde dehydrogenase

28.

29.

30.

31.

32.

deficiency. Med Hypotheses 2002; 59: 204-7.
Park SK, Park CS, Lee HS, et al: Functional
polymorphism in aldehyde dehydrogenase-2
gene associated with risk of tuberculosis.
BMC Med Genet 2014; 15: 40.

Ran FA, Hsu PD, Wright J, et al: Genome
engineering using the CRISPR-Cas9 system.
Nat Protoc 2013; 8: 2281-308.

Wang D, Tai PWL, Gao G: Adeno-associated
virus vector as a platform for gene therapy
delivery. Nat Rev Drug Discov 2019; 18:
358-78.

Matsumura Y, Stiles KM, Reid J, et al: Gene
therapy correction of aldehyde dehydrogenase
2 deficiency. Mol Ther Methods Clin Dev
2019; 15: 72-82.

Matsumura Y, Li N, Alwaseem H, et al:
Systemic adeno-associated virus-mediated
gene therapy prevents the multiorgan
disorders associated with aldehyde
dehydrogenase 2 deficiency and chronic
ethanol ingestion. Hum Gene Ther 2020; 31:
163-82.



[Monograph] 31

Alcohol Intolerance from a Genetic Perspective:
A Literature Review

Yen-Chun Wang'?, Hsiao-Ting Chang'?, Ming-Hwai Lin!? and Po-Ching Yang?>”

Alcohol intolerance is generally considered genetically linked to a congenital deficiency of
aldehyde dehydrogenase 2 (ALDH2), an enzyme essential for alcohol metabolism. This deficiency
impairs the breakdown of acetaldehyde, a toxic byproduct of alcohol metabolism, leading to its
accumulation in the body. Acute symptoms of alcohol intolerance, typically appearing within
minutes of alcohol consumption, include dizziness, headache, nausea, vomiting, tachycardia, muscle
weakness, and facial flushing. Chronic exposure to elevated acetaldehyde levels increases the risk
of liver damage, cardiovascular diseases, and cancers, including those of the oral cavity, oropharynx,
esophagus, and colon. Alcohol intolerance is caused by a specific missense mutation in the ALDH2
gene, known as ES04K (single nucleotide polymorphism rs671, G>A), or the ALDH2*2 allele. This
mutation is particularly prevalent in East Asia, affecting approximately 540 million individuals, or
about 8% of the global population. The prevalence in East Asia is significantly higher, ranging from
20% to 30%, with Taiwan reporting the highest rate, where nearly 49% of the population is affected.
This review examines the mechanisms of alcohol metabolism, the epidemiology and health risks of
alcohol intolerance, and future directions in genetic research on this condition.

(Taiwan J Fam Med 2025; 35: 24-31) DOI: 10.53106/168232812025033501003
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