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Association Between Smoking, Acetaldehyde
Dehydrogenase-2 1-1 Status, and Alcohol
Drinking Among Taiwanese Polyvinyl
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To study the factors affecting alcohol consumption among Tarwanese
workers, we conducted an investigation of the association between alcohol
drinking and smoking, aldehyde dehydrogenase-2 (ALDH2) status,
alcohol dehydrogenase-2 (ADH?2) status, any history of abnormal liver
Jfunction, and hepatitis B and C viral infection. The subjects included
207 male workers who had been followed-up with respect to liver function
periodically since 1992. Information relating to current alcohol consump-
tion and smoking habits was obtained by an interviewer-administered
questionnaire in 1996, and any history of liver function and hepatitis B
and C virus infection was obtained from previous medical surveillance.
Genotypes of ALDHZ2 and ADHZ2 were determined by polymerase chain
reaction/restriction fragment polymorphism assay. Resulls have revealed
that smoking and ALDH2 1-1 status were associated with current
alcohol consumption (respectively: odds ratio, 23.3; P < 0.01 and odds
ratio, 14.5; P < 0.05). Neither a history of abnormal liver function nor
a history of hepatitis B and/or C infection was associated with current
alcohol consumption. It seems that only those with ALDHZ2 1-1 who are
smokers consume alcohol. We conclude that smoking and inherited
ALDH?2 1-1 are the most important determinants of alcohol consump-
tion. In addition to the medical advice of physicians in their yearly health
check-ups, worksite health-promotion programs based on both alcohol
consumption habits and smoking cessation should be instituted forth-
with, particularly for those who demonstrate the potential for developing
liver damage. (] Occup Environ Med. 2001;43:701-705)
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olyvinyl chloride production is one
of the major industries in Taiwah.
Acknowledging that vinyl chloride
monomer exposure has been associ-
ated with liver diseases? we have
followed a group of polyvinyl chlo-
ride workers concerning their liver
function since 1992:> Previous re
search has reported that alcohol con-
sumption and hepatitis B and C virus
infection may exhibit a synergistic
effect on liver damag&.’ Thus,
those having experienced hepatitis B
and C infection are advised by occu-
pational physicians of our research
group not to drink alcohol, and those
demonstrating an abnormal liver
function are also advised not to con-
sume alcohol to avoid further liver
damage. Studies suggest that those
who have or have had advanced liver
diseases are more likely to cut down
or refrain from alcohol consumption
than those who have nbglthough it
is not clear if asymptomatic subjects
will react similarly in situations in
which they face risk factors for liver
damage or when they experience
mildly elevated liver enzyme levels.
Alcohol is oxidized by alcohol
dehydrogenase (ADH) into acetalde-
hyde, which is subsequently oxidized
by acetaldehyde dehydrogenase
ALDH) into acetic acid?® Those
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etaldehyde level, resulting from an
|'r?<':reased production or decreased
elimination of acetaldehyde, which
may be associated with discomfort,
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including nausea, headache, andsurveillance records logged between Mboall for 8 hours at 37°C and were
flushing® Thus, subjects with these 1992 and 1994. Enzymes such asanalyzed using 6% polyacrylamide
susceptible traits are less likely to aspartate aminotransferase, alaninegel electrophoresis. Homozygous
consume alcohol and become alco-aminotransferase, or gamma glu- 2-2 individuals displayed a single
holics?*°We are not clear, however, tamyl transpeptidase were analyzedproduct fragment of 135 bp follow-
as to what extent ALDH2, ADH2, with an autoanalyzer (Hitachi 7050, ing restriction-enzyme digest,
and ADH3 polymorphisms influence Tokyo, Japan). A history of abnor- whereas homozygous 1-1 individu-
their choice of a low level of alcohol mal liver function was defined as an als expressed 125 and 10 bp frag-
consumption. Allele frequency for individual demonstrating serum lev- ments, and heterozygous 1-2 indi-
ALDH2*1 is approximately 76%, for els higher than reference values for viduals revealed the presence of all
ADH2*2 65%, and for ADH3*1 any of these three liver enzymes on three fragments.

95% among Chinese Hdfl:'* Be-  any one occasion. The levels of HB-  ADH2-BstU | polymorphismAn
cause the prevalence of ADH3*2 is sAg and anti-HCV were assayed ADH2-BstJ | polymorphism was
relatively low for Chinese subjects, with radioimmunoassay and en- determined by a modification of the
only ALDH2 and ADH2 genotypes zyme-linked immunosorbent assay, methods developed by Chen et al in
were included in our study. Smoking respectively. All tests were per- 1994 Appropriate primers were
is also reported to be strongly asso-formed at the National Taiwan Uni- synthesized from the 5' region of
ciated with alcohol consumptiolf.  versity Hospital. Because the number exon 3 (5'-AATCTTTTCTGAAT-
To study some of the factors affect- of subjects exhibiting a positive titer CTGAACAG-3') and the 3' region of
ing alcohol consumption, we inves- for anti-HCV was small, HBsAg and exon 3 (3'-AGTTGGACCACT-
tigated the association of alcohol anti-HCV were grouped together as GGGGGGAAG-5"). One-half micro-
drinking with smoking, ALDH2 sta- hepatitis virus infection. liter of DNA was added to a PCR
tus, previous history of abnormal buffer containing 200 ng of primers,
liver fFL)mction, and he):)atitis B and C Genotypes of ALDH2 and ADH2 1.25 mM magngesium ghlor?de, 0.2
virus infection among polyvinyl ALDH2-Mboll polymorphism. mM of 2'-deoxynucleoside 5'-
chloride workers. The presence of the ALDHRAboll triphosphates, 50 mM potassium

Methods and Materials
Subjects and Epidemiology

polymorphism was determined by a
modification of the methods devel-
oped in 1993 by Harada and
Zhang'® Polymerase chain reaction

chloride, 10 mM tris(hydroxy-
methyl)-aminomethane)-hydrochlo-
ride (pH, 8.3), and 0.1% bovine se-
rum albumin in a final volume of 50

A total of 207 male workers from (PCR) primers were synthesized
three Taiwanese polyvinyl chloride from the 5' region of exon 12 (5'-
production plants received inter- CAA ATT ACA GGG TCA ACT
viewer-administered questionnaires GCT ATG-3") and the 3' region of
to provide information regarding exon 12 (3'-CCA CAC TCA CAG
their smoking status, alcohol con- TTT TCT CTT-5'). One-half micro- formed: denaturing at 95°C for 1
sumption, and medical and occupa- liter of DNA extracted from periph- minute, annealing at 55°C for 1
tional histories. Alcohol drinking eral mononucleate cells was added tominute, and facilitating extension at
was defined as consuming at leasta PCR buffer containing 200 ng of 72°C for 1 minute. The PCR prod-
one alcoholic beverage each week,primers, 1.25 mM magnesium chlo- ucts were digested with the restric-
with a minimum of 80 g of alcohol ride, 0.2 mM of 2'-deoxynucleoside tion enzymeBstU | for 8 hours at
intake each week. Current smoking 5'-triphosphates, 50 mM potassium 37°C and were analyzed with 2%
behavior was defined as an individ- chloride, 10 mM tris(hydroxym- agarose gel electrophoresis. Ho-
ual having smoked within the pre- ethyl)-aminomethane-hydrochloride mozygous 1-1 individuals revealed a
ceding 6 months of data collection in (pH, 8.3), and 0.1% bovine serum single product fragment of 95 bp
1996. All study subjects had received albumin in a final volume of 5L.  following restriction-enzyme digest,
a medical examination on at least Reaction mixtures were heated for 5 whereas homozygous 2-2 individu-
one occasion between 1992 andminutes at 95°C, and 2.5 U of Taq als expressed 65 and 30 bp frag-
1994. Levels of serum aspartate ami- DNA polymerase were then added at ments, and heterozygous 1-2 indi-
notransferase, alanine aminotransfer-80°C. Subsequently, 35 cycles of viduals displayed all three fragments.
ase, and gamma glutamyl transpepti-amplification were performed: dena-

pwL. Reaction mixtures were heated
for 5 minutes at 94°C, and 2.5 U of
Tag DNA polymerase were then
added at 80°C. Subsequently, 35 cy-
cles of amplification were per-

dase, and the immunological statusturing at 95°C for 1 minute, anneal-
of the hepatitis B virus surface anti- ing at 55°C for 1 minute, and facili-
gen (HBsAg) and anti-hepatitis C tating extension at 72°C for 1 ing the Statistical Analysis Systems

virus antibody (anti-HCV) were ob-

minute. The PCR products were di-

Statistical Analysis
Data analyses were performed us-

software package. We used the chi-

tained from these workers’ medical gested with the restriction enzyme squared and Fisher exact test to com-
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TABLE 1
Basic Characteristics of 207
Male Workers

n %

Age (yr)

=50 47 22.7

40-49 77 37.2

<40 83 40.1
Duration of employment (yr)

=19 102 49.3

<19 105 50.7
VCM* exposure (ppm)

=5 27 13.0

<5 180 87.0
Body mass index (kg/m?)

=25.0 69 33.3

<25.0 138 66.7
Cigarette smoking

Yes 92 44.4

No 115 55.6
Alcohol drinking

Yes 15 7.2

No 192 92.8
Previous hepatitis viral infection®

Positive 46 22.2

Negative 161 77.8
LFT*

Yes 4119.8

No 166 80.2

*VCM, vinyl chloride monomer.

T Hepatitis viral infection, history of pos-
itive hepatitis B surface antigen or anti-
hepatitis C virus antibody.

* LFT, history of abnormal liver function
tests, including alanine aminotransferase,
aspartate aminotransferase, and y-glutamyl
transpeptidase.

pare the drinking and non-drinking

group data on the basis of age, smok-

ing habits, history of hepatitis virus

week, 22.2% revealed a history of
previous infection by a hepatitis vi-
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tively rare in most other popula-
tions? ALDH2 genotypes affect

rus, and 19.8% revealed a history of human drinking behavior and the

abnormal liver function.
The association between drinking

status and current smoking status;

metabolic genotypes; history of ab-

metabolism of vinyl chloride mono-
mer. In our previous study of poly-
vinyl chloride manufacturing work-
ers, sister chromatid exchange, a

normal alanine aminotransferase, as-marker of genotoxicity, was posi-
partate aminotransferase, and gammdively associated with ALDH2 1-2/
glutamyl transpeptidase; and history 2-2* In this study, we focused on

of HBsAg and anti-HCV is summa-
rized in Table 2. Current smoking
was associated with alcohol drinking
(OR, 20.5,P < 0.01). Only one

ALDH2 1-2 worker consumed alco-
hol, and none of the ALDH2 2-2
workers consumed alcohol. The
ALDH2 1-1 workers demonstrated a
higher prevalence of alcohol con-
sumption than those with ALDH2
1-2/2-2 (OR, 10.9P < 0.01). A

similar trend was also found for
ADH2 1-1, which was associated
with a higher prevalence of alcohol
drinking than those with ADH2 1-2/

the association between ALDH2 and
alcohol consumption.

The analysis revealed that ALDH2
1-1 and smoking were significantly
associated with alcohol consump-
tion, although neither a history of
previous hepatitis virus infection nor
a history of previous abnormal liver
function seemed to affect alcohol
consumption behavior.

In this study, only one worker with
an ALDH2 1-2 status and none with
ALDH2 2-2 had become regular al-
cohol users, possibly because of the
immediate discomfort associated

2-2, although the association was notwith drinking alcohol, including nau-

statistically significant. A history of
an abnormal liver function test was
not associated with alcohol con-
sumption. A positive history of HB-
sAg and anti-HCV expression was
not associated with alcohol drinking,
either. After adjusting for the poten-
tial confounders (Table 3), smoking
and ALDH2 were statistically signif-
icantly associated with alcohol con-
sumption (respectively: OR, 23.8,
< 0.01 and OR, 14.5p < 0.05).

sea and headache. Previous studies
have revealed that alcoholism or al-
coholic liver disease usually devel-
ops for individuals displaying intact
ALDH2 enzymes because these sub-
jects lack immediate biological curbs
for excessive alcohol consump-
tion.>*°Our study also indicates that
even a relatively small amount of
alcohol consumption is regulated by
the presence of the ALDH2 gene, at
least for these Taiwanese workers. A

infection, abnormal liver function  gyrther analysis of the OR of drink- previous report indicates that sub-
status, and genotypes including jhg status by cigarette smoking and jects with ADH2 11 are more likely
ALDH2 and ADH2. Subsequently, a A DH2 genotypes is referred to in to consume alcohol and become al-
logistic regression model was used to Taple 4. Workers with ALDH2 1-2/ coholic€® however, workers in our
express drinking status as a function o_ gig not consume alcohol, inde- study with ADH2 1-1 were not sta-

of a list of potential variables. An

pendently of whether or not they

tistically associated with alcohol

odds ratio (OR) for drinking status \ere smokers, apart from the single consumption. This probably resulted
by ALDHZ and cigarette smoking individual who drank alcohol and from the small number of ADH2 1-1
was also tested using multiple logis- a5 a smoker. Workers demonstrat- subjects in our study.

tic regression.

Results

ing ALDH2 1-1 status tended to
consume alcohol when they were
smokers (eg, 13 of 39 individuals),

Alcohol consumption and ciga-
rette smoking are frequently associ-
ated with each other, and it is diffi-

The mean age of these 207 malethis being far less common for non- cult to tell which occurs first? In

workers was 42.1. Basic characteris-

tics of the study subjects are de-
scribed in Table 1. Among them,
44.4% smoked cigarettes, 7.2%

smokers (one of 69 individuals).

Discussion
ALDH2 deficiency is very com-

our study, the only ALDH2 1-2/2-2
worker who drank alcohol was a
smoker, and there was only one non-
smoking ALDH2 1-1 individual

drank more than 80 g of alcohol each mon in Orientals, whereas it is rela- who drank alcohol. These findings
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TABLE 2
Characteristics of Drinking Status of Workers With Potential Confounders*®
Drinking Non-Drinking
(n = 15) (n =192)
n % n % OR 95% CI

Age (yr)

=50 2 13.3 45 23.4 0.4 0.1-2.1

40-49 5 33.3 72 37.5 0.7 0.2-2.1

<40 8 53.3 75 39.1 Reference
Cigarette smoking

Yes 14 93.3 78 40.6 20.5 2.6 -158.8"

No 1 6.7 114 59.4 Reference
Hepatitis viral infection®

Positive 3 20.0 43 22.4 0.9 0.2-3.2

Negative 12 80.0 149 77.6 Reference
LFT*

Yes 3 20.0 38 19.8 1.0 0.3-3.8

No 12 80.0 154 80.2 Reference
ALDH2

1-1 14 93.3 108 56.3 10.9 1.4 -84.5"

1-2/2-2 1 6.7 84 43.7 Reference
ADH2

1-1 3 20.0 17 8.8 2.6 0.7 -10.0

1-2/2-2 12 80.0 175 91.2 Reference

*OR, odds ratio; Cl, confidence interval; LFT, history of abnormal liver function tests, including alanine aminotransferase, aspartate
aminotransferase, and y-glutamyl transpeptidase; ALDH, aldehyde dehydrogenase; ADH, alcohol dehydrogenase.

TP < 0.01 by Fisher exact test (two-tail).

* Hepatitis viral infection, history of positive hepatitis B surface antigen or anti-hepatitis C virus antibodly.

TABLE 3

Multiple Logistic Regression of
Drinking Status on

Potential Confounders®

OR 95% CI

Age (yr)

<40 vs =40 1.6 0.5-5.5
Cigarette smoking

Yes vs no 23.3 2.9-187.4*
Hepatitis viral infection®

Positive vs negative 0.6 0.2-2.7
LFT®

Abnormal vs normal 1.7 0.4-7.7
ALDH2

1-1 vs 1-2/2-2 14.5 1.8-117.7*
ADH2

1-1 vs 1-2/2-2 2.4 0.5-12.1

2 For definition of abbreviations, see Ta-
ble 2.

b Hepatitis viral infection, history of pos-
itive hepatitis B surface antigen or anti-
hepatitis C virus antibody.

¢ LFT, history of abnormal liver function
tests, including alanine aminotransferase,
aspartate aminotransferase, and y-glutamyl
transpeptidase.

*P < 0.05; ™ P < 0.01.

sumption, smoking was the most im- ers did not change their drinking
portant factor correlating with behavior. These results indicate that
Taiwanese workers’ drinking sta- immediate unpleasant biological
tus. As in an old Chinese saying, feedback resulting from the con-
“smoking and drinking are in the sumption of alcohol is, apparently,
same family,” the role of cigarette more effective than the remote health
smoking on blue-collar workers’ effect for workers who consume al-
drinking behavior deserves further C0h0|.15 Recent studies have -re
investigation. ported that moderate alcohol con-
Medical surveillance has been per- symption reduced overall mortality
formed p_er|0d|cally on these polyvi- slightly 2517 Such a perception may
nyl chloride workers in an occupa- jystify” alcohol consumption to cer-
“°r!a.' safety and_ health context. i individuals, even though they
I_nd|V|duaIs displaying HBsAg or an- may suffer from potential liver dam-
t-HCV or abno_rmal liver funct|_on age from long-term alcohol drinking.
have been advised by occupational i
We conclude that smoking and

physicians not to consume any alco- i
hol to prevent potential risk of Inherited ALDH2 1-1 are the most
chronic liver diseases. It was most important determinants of alcohol

likely that the lack of immediate Cconsumption among Taiwanese
discomfort associated with alcohol Polyvinyl chloride workers. In ad-

consumption resulted in the lack of dition to medical advice by physi-

association between alcohol con- cians in these workers’ yearly
sumption and asymptomatic chronic check-ups, worksite health-promo-
hepatitis B and C infection. Further, tion programs based on both alco-
even in the presence of abnormal hol drinking habits and smoking

suggest that, apart from genetic de- liver function, those symptomless al- cessation should be instituted forth-
terminants discouraging alcohol con- cohol-consuming Taiwanese work- with, particularly for those who
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TABLE 4
OR of Drinking Status by Cigarette Smoking and ALDH2 Genotype*
Non-Smoking Smoking®
Drinking Non-Drinking OR 95% CI Drinking Non-Drinking OR 95% ClI
ALDH2 genotype*
1-2/2-2 08 45 0.11 0.02-0.53! 1 39 0.16 0.03-0.77!
1-1 1 69 0.13 0.03-0.66' 13 39 Reference

* Fisher exact test.

T Odds ratio (OR) and 95% confidence interval (Cl) adjusted for age and other potential confounders.

* ALDH, aldehyde dehydrogenase.
§ Logistic estimators with a correction of 0.5.
P < 0.01.

demonstrate the potential for devel-
oping liver damage.
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