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Heavy drinking leads to premature aging and precipitates the onset of age-related diseases. Acetaldehyde (AcH),
a toxic metabolite of ethanol, has been implicated in various types of cancer. However, whether alcohol ac-
celerates biological aging at a cellular level is controversial and the mechanism involved is unclear. We ad-
dressed these questions by measuring telomere length (TL) in peripheral blood leukocytes of Japanese patients
with alcohol dependence (AD) and examined the association between TL, genetic variants of alcohol dehy-
drogenase (ADH)1B and aldehyde dehydrogenase (ALDH)2, and other clinical characteristics. A total of 134 male
AD patients and 121 age- and sex-matched healthy controls were evaluated. All patients received endoscopic
screening for cancer of the upper aerodigestive tract (UADT). TL was almost 50% shorter in AD patients relative
to controls. There were no significant differences in TL between AD patients with and without UADT cancer, and
no associations between ADHIB and ALDH2 genotypes and TL. AD patients with thiamine (vitamin B1) defi-
ciency at admission had significantly shorter TL than those with normal thiamine status. Although the exact
mechanism underlying the shorter TL in AD patients remain unclear, our findings suggest that alcohol rather
than AcH is associated with telomere shortening in AD, which may be accelerated by thiamine deficiency. Future
studies should also focus on the association between telomere shortening and TD in the context of oxidative
stress.

1. Introduction have carcinogenic effects in the upper aerodigestive tract (UADT)

(Boccia et al., 2009). It is therefore conceivable that in addition to al-

Heavy drinking leads to premature aging and precipitates the onset
of age-related diseases (Spencer and Hutchison, 1999), including var-
ious types of cancer (Baan et al., 2007), hypertension (Briasoulis et al.,
2012), decreased gray and white matter volume in the brain
(Pfefferbaum et al., 1992), and osteoporosis (Laitinen et al., 1992).
However, the mechanistic basis for these effects is not well understood.
A shorter telomere length (TL) has been linked to increased risk of
several age-related diseases and is widely accepted as a marker of cel-
lular aging (Calado and Young, 2009). An association between heavy
drinking and shortened TL in peripheral blood leukocytes (PBLs) has
also been reported (Pavanello et al., 2011).

The toxicological effects of alcohol are generally dependent on the
duration of exposure and blood alcohol concentration and the levels of
its metabolite acetaldehyde (AcH) in body fluids and tissue within that
period. The toxicity of AcH is well documented; indeed, it is known to

cohol, AcH contributes to premature aging and telomere shortening in
heavy drinkers.

The primary metabolic pathway for alcohol is its oxidation into AcH
by alcohol dehydrogenase (ADH). AcH is subsequently metabolized to
acetate, mainly by aldehyde dehydrogenase (ALDH)2. Of the more than
10 ALDH subtypes identified in humans, only ALDH1A1, ALDH1B1,
and ALDH2 are known to play a significant role in AcH oxidation
(Bosron and Li, 1986). Among these subtypes, mitochondrial ALDH2 is
important for human AcH metabolism owing to its low K, for AcH
(Bosron and Li, 1986). The ALDH2 gene is polymorphic and the
ALDH2*2 allele encodes an inactive form of the enzyme that acts in a
semi-dominant manner (Lai et al., 2014). Although ALDH2*2 is found
in 16-35% of East-Asians, including in the Han Chinese, Japanese,
Koreans and Vietnamese, it rarely occurs in other ethnic groups, such as
in Caucasians, black populations and American Indians (Peng and Yin,
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2009). In the Asian population, the genotype at the polymorphic
ALDH2 locus determines the blood AcH concentrations after drinking
(Yoshida et al., 1984). The ALDH2*2 allele arises from a single point
mutation in ALDH2. The resultant protein, which has a glutamic acid to
lysine substitution at residue 504 (rs671), is inactive and cannot me-
tabolize AcH, leading to AcH accumulation after alcohol intake
(Enomoto et al., 1991; Hempel et al., 1984; Mizoi et al., 1994; Yoshida
et al.,, 1984) and other adverse reactions such as facial flushing, ta-
chycardia, headache, and nausea (Harada et al., 1981).

The highly active ADHI1B*2 allele is prevalent among Asians, par-
ticularly in northeastern Asian populations (e.g., Chinese, Japanese,
and Koreans). Between 81% and 100% of Japanese harbor at least one
ADH1B*2 allele, with 34%-71% homozygous for the allele (Eng et al.,
2007). Carriers of the ADH1B*2 allele rapidly convert alcohol to AcH,
leading to AcH accumulation following alcohol consumption. There-
fore, ADHIB*2 allele has protective effect against alcohol dependence
(AD) (Li et al., 2007).

In this study, we examined whether alcohol and/or AcH accelerate
cellular aging using TL in PBLs as a biomarker. We focused on AD pa-
tients with the ALDH2*2 allele. In Japan, approximately 15% of alco-
holic patients harbor this mutant allele and are thus able to overcome
the adverse effects of acetaldehydemia (Yokoyama et al., 2013), given
that it plays a more important role than ADH1B in terms of regulating
blood AcH level (Peng and Yin, 2009). We also investigated whether
telomere shortening is associated with clinical characteristics in AD
patients in order to clarify the mechanism underlying the effects of
alcohol on aging.

2. Methods and materials

The study was approved by the Ethics Committee of the Kurihama
Medical and Addiction Center (2016050). After the details of the study
had been carefully explained, all the participants provided written,
informed consent.

2.1. Subjects

The patient group consisted of 134 male patients with AD (mean
age = SD: 58.7 = 9.7 years) who were admitted to the Kurihama
Medical and Addiction Center for treatment of AD and who underwent
cancer screening. We randomly selected 48 alcoholic patients who were
positive for UADT cancer along with 86 age-matched patients who were
negative in the cancer screening. We also collected samples from 121
unrelated healthy Japanese volunteers (59.0 + 10.2 years) as an age-
matched non-alcoholic male control group. The drinking habits of the
control subjects were assessed using the Kurihama Alcoholism
Screening Test (Saito, 1978), and those suspected of AD based on the
test results were excluded from the study. Diagnostic and Statistical
Manual of Mental Disorders IV criteria were used to diagnose AD.

2.2. Measurement of TL

Genomic DNA was extracted from PBLs using the DNA Extractor WB
kit (Wako Chemicals, Osaka, Japan) for TL measurement and ALDH
genotyping. TL was measured in all samples using the Telo TAGGG
Telomere Length Assay kit (Roche Diagnostics, Mannheim, Germany)
according to the manufacturer's instructions. Briefly, purified genomic
DNA was digested with the restriction endonucleases Hinfl and Rsal for
2hat 37 °C. DNA fragments were separated by 0.5% agarose gel elec-
trophoresis (100 V, 1.5h) and transferred overnight at room tempera-
ture to a positively charged nylon membrane by capillary Southern
blotting in 20 X saline-sodium citrate (SSC) buffer. The DNA was cross-
linked to the membrane by exposure to ultraviolet light for 5 min, and
the membrane was washed with 2 x SSC buffer and air dried. Blotted
DNA fragments were hybridized overnight at 42°C to a digoxigenin-
labeled probe specific to telomeric repeats and incubated with an
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alkaline phosphatase-conjugated digoxigenin-specific antibody for
30 min at room temperature. The immobilized probe was visualized
using alkaline phosphatase-metabolizing CDP-Star, a highly sensitive
chemiluminescent substrate. Signals were analyzed using a charge-
coupled device imager. The average terminal restriction fragment
length was determined by comparing the bands on the blot to a mole-
cular weight standard using the Gel-Pro Analyzer (Media Cybernetics,
Rockville, MD, USA).

2.3. ADHI1B and ALDH2 genotyping

ADHIB and ALDH2 genotypes were determined by polymerase
chain reaction-restriction fragment length polymorphism analysis as
previously reported (Harada and Zhang, 1993; Xu et al., 1988).

2.4. Clinical diagnosis of liver cirrhosis (LC)

Following alcohol detoxification, patients underwent a routine ex-
amination that included physical examination, blood tests, chest and
abdominal X-ray, upper gastrointestinal endoscopy, abdominal ultra-
sound examination, and abdominal computed tomography. A clinical
diagnosis of LC was made based on the results of these tests or detection
of esophagogastric varices during endoscopic examination.

2.5. Screening for UADT cancer

All AD patients were screened for UADT cancer by physicians ac-
cording to a regimented cancer-screening program consisting of endo-
scopy combined with oropharyngeal examination and esophageal io-
dine staining.

2.6. Determination of blood thiamine levels

Blood samples were collected from AD patient on their first visit to
the Kurihama Medical and Addiction Center to determine blood thia-
mine level by high-performance liquid chromatography as previously
reported (Kimura et al., 1980). None of the patients were taking thia-
mine for treatment of thiamine deficiency (TD).

2.7. Statistical analysis

Statistical comparisons between subjects with AD and non-alcoholic
controls were performed with the non-parametric Mann-Whitney U test
or Fisher's exact test. Multivariate linear regression was used to de-
termine whether TL varies by diagnosis. General linear models relating
AD to telomere length adjusted for age, alcohol consumption, and
smoking status were generated. Model generation, data analysis, and
statistical computations were performed using SAS v.9.2 software (SAS
Institute, Cary, NC, USA). For all statistical tests, a two-tailed P
value < 0.05 was considered significant. For multiple comparisons, P
values were adjusted by Bonferroni correction.

3. Results
3.1. Smoking and drinking habits of the study population

Table 1 shows comparisons of smoking and drinking habits and
ADHIB and ALDH2 genotype distributions between patients with AD
and control subjects. A higher rate of smoking was observed in patients
with AD than in controls (76.9% vs. 24.0%, P < 0.0001), although
there were no significant differences in the number of cigarettes con-
sumed (21.9 vs. 19.8, P = 0.18). Alcoholic subjects had a significantly
longer duration of habitual drinking than controls (34 vs. 22 years,
P < 0.0001), and consumed a larger amount of alcohol per day than
controls (117 vs. 26 g pure alcohol/day, P < 0.0001).
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Table 1
Characteristics and ADHIB and ALDH2 genotype distributions of the study subjects.
Alcohol-dependent subjects (n = 134) Controls (n = 121) P value
Age, mean (range) 58.7 (41-85) 59.0 (40-85) 0.822
Smoking habits
Smokers, no. (%) 103 (76.9%) 29 (24.0%) < 0.0001
Ex-smokers, no. (%) 12 (9.0%) 52 (43.0%)
Non-smokers, no. (%) 19 (14.2%) 40 (33.1%)
Cigarettes/day”, mean (range) 21.9 (10-40) 19.8 (10-40) 0.089
Drinking habits and history
Drinking amount (g alcohol/day), mean (range) 117 (18-330) 26 (0-154) < 0.0001
Duration of habitual drinking (years), mean (range) 34 (7-65) 22 (0-52) < 0.0001
ADH1B (rs122994) genotypes N (%) N (%)
*1/*1 54 (40.3) 4(3.3) < 0.0001
*1/%2 46 (34.3) 40 (33.1)
%040 34 (25.4) 77 (63.6)
ALDH2 (rs671) genotypes
*1/*1 74 (55.2) 41 (33.9) < 0.0001
*1/*2 60 (44.8) 65 (53.7)
*2/*2 0 15 (12.4)

ADHIB, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2.
@ Current smokers only.

3.2. ADH1B and ALDH2 genotype distributions in AD patients and controls

ADH1B and ALDH2 genotype distributions are shown in Table 1. AD
patients had higher frequencies of the ADHIB*1 allele than controls,
consistent with a previous report (Higuchi et al., 1995). We found a
higher ALDH2*2 allele frequency in AD patients than an earlier study
(Yokoyama et al., 2013) due to the high frequency of individuals with
UADT cancer in our AD patient group (Yokoyama et al., 1996). When
comparing the control subjects with the general population, a higher
ALDH2*2 allele frequency was found, although the proportion of
ADHI1B was similar (Higuchi et al., 1995).

3.3. TL and ALDH2 and ADH1B polymorphisms

TL was about 50% shorter in subjects with AD as compared to
control subjects (unadjusted mean TL = 6.88 vs. 12.84 kbp;
P < 0.0001) (Table 2). This difference remained statistically sig-
nificant after controlling for age, smoking status, and alcohol con-
sumption using a multivariable regression model (Table 2).

There were no differences in TL between alcoholic patients with and
without the ALDH2*2 allele; the results were the same after controlling
for age, smoking habit, alcohol consumption, and UADT cancer
(Table 2). Although AD patients with the ADHIB*1/*1 genotype had
shorter telomeres than those with the ADH1B*1/*2 or ADH1B*2/*2
genotypes, this difference was not statistically significant. Control
subjects with the ADH1B*1/*1 genotype tended to have longer telo-
meres than those with ADH1B*1/*2 or ADHI1B*2/*2 (P < 0.10).
However, since only four control subjects had the ADH1B*1/*1 geno-
type, this difference may have been simply due to chance. We compared
TL for different ADHIB and ALDH2 genotype combinations but did not
find any differences (data not shown).

3.4. TL and clinical characteristics

We investigated associations between TL and smoking status, onset
of habitual drinking and clinical characteristics such as UADT cancer,
LC, history of withdrawal seizure and withdrawal delirium, and thia-
mine (vitamin B1) deficiency in AD patients (Table 3). Although we did

29

not find any association between smoking and telomere shortening, AD
patients who started drinking before 20 years of age tended to have
shorter telomeres as compared to those who started drinking after the
age of 20 years (Table 3). Among the clinical characteristics examined,
only TD was associated with shortened TL [TD(+) 6.24 vs. TD(—) 7.10
kbp, P = 0.018, age adjusted]. The association between withdrawal
delirium and telomere shortening was marginally significant
(P = 0.058).

4. Discussion

The results presented here demonstrate that male patients with AD
had significantly shortened telomeres as compared to age- and sex-
matched control subjects. Neither the presence of the ADH1B*2 allele
nor an inactive ALDH2 allele was associated with TL in patients with
AD. Furthermore, our study showed that thiamine deficiency in alco-
holic subjects was associated with telomere shortening, and suggested
that this can occur by starting to drink early in life (before the age of 20
years). This is the first study demonstrating telomere shortening in PBLs
of AD patients.

Previous studies that have examined the relationship between al-
cohol consumption and TL in the general population have found no
associations (Latifovic et al., 2016; Weischer et al., 2014) or have re-
ported associations only in older (=65 years) individuals (Wang et al.,
2017). However, it was reported that Caucasian drunk-driving traffic
offenders had shorter TL in PBLs than social drinkers (Pavanello et al.,
2011). These authors also reported that the ADH1B*1/*1 genotype was
more prevalent in alcohol abusers and that these individuals reported
higher alcohol consumption and had shorter telomeres than those with
other ADH1B genotypes (Pavanello et al., 2011). Another study com-
paring TL in the esophageal epithelium showed that patients with AD
had significantly shorter telomeres than non-alcoholic control subjects
(Aida et al., 2011). The authors speculated that telomere shortening
may be associated with the frequent occurrence of squamous cell car-
cinoma in alcoholic patients.

In this study, we focused on the association between TL and variants
of the ALDH2 and ADHI1B genes. As stated above, the major enzyme
responsible for AcH elimination is ALDH2 (Bosron and Li, 1986). Since
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Associations between telomere length and smoking status, onset of habitual drinking, and clinical characteristics in patients with alcohol dependence.

Smoking status Telomere length

Non-smoker (n = 19) Ex-smoker (n = 12) Smoker (n = 103) P value
Unadjusted, mean (SE) 6.83 (0.35) 6.71 (0.44) 6.91 (0.15) 0.902
Age adjusted, mean (SE) 7.12 (0.38) 6.75 (0.44) 6.85 (0.15) 0.774
Onset of habitual drinking (year) <20 (=34 20-25 (n = 56) 26 <(n =44 P value
Unadjusted, mean (SE) 6.42 (0.26) 7.02 (0.20) 7.06 (0.23) 0.130
Age adjusted, mean (SE) 6.46 (0.26) 6.97 (0.20) 7.10 (0.23) 0.060
Clinical characteristics Telomere length
Positive Negative P value
Cancer in the UADT n =48 n =86
Unadjusted, mean (SE) 6.79 (0.17) 6.93 (0.18) 0.559
Age adjusted, mean (SE) 6.79 (0.22) 6.93 (0.16) 0.598
Liver cirrhosis n=13 n=113
Unadjusted, mean (SE) 6.28 (0.46) 6.92 (0.14) 0.155
Age adjusted, mean (SE) 6.91 (0.14) 6.36 (0.43) 0.227
History of withdrawal seizure n=10 n=122
Unadjusted, mean (SE) 6.45 (0.61) 6.91 (0.14) 0.358
Age adjusted, mean (SE) 6.18 (0.50) 6.93 (0.14) 0.147
History of withdrawal delirium n=235 n =97
Unadjusted, mean (SE) 6.52 (0.22) 7.00 (0.16) 0.112
Age adjusted, mean (SE) 6.45 (0.26) 7.03 (0.15) 0.058
Thiamine deficiency (< 30 ng/ml) n=25 n=76
Unadjusted, mean (SE) 6.22 (0.27) 7.11 (0.19) 0.015
Age adjusted, mean (SE) 6.24 (0.31) 7.10 (0.18) 0.018

SE, standard error; UADT, upper aerodigestive tract.
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