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Abstract

Neurofilament light chain (NFL), as a measure of neuroaxonal injury, has recently gained 

attention in alcohol dependence (AD). Aldehyde dehydrogenase 2 (ALDH2) is the major 

enzyme which metabolizes the alcohol breakdown product acetaldehyde. An ALDH2 single 

nucleotide polymorphism (rs671) is associated with less ALDH2 enzyme activity and increased 

neurotoxicity. We examined the blood NFL levels in 147 patients with AD and 114 healthy 

controls using enzyme-linked immunosorbent assay and genotyped rs671. We also followed NFL 

level, alcohol craving and psychological symptoms in patients with AD after 1 and 2 weeks of 

detoxification. We found the baseline NFL level was significantly higher in patients with AD 

than in controls (mean ± SD: 264.2 ± 261.8 vs. 72.1 ± 35.6 pg/mL, p < 0.001). The receiver 
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operating characteristic curve revealed that NFL concentration could discriminate patients with 

AD from controls (area under the curve: 0.85; p < 0.001). The NFL levels were significantly 

reduced following 1 and 2 weeks of detoxification, with the extent of reduction correlated with 

the improvement of craving, depression, and anxiety (p < 0.001). Carriers with the rs671 GA 

genotype, which is associated with less ALDH2 activity, had higher NLF levels either at baseline 

or after detoxification compared with GG carriers. In conclusion, plasma NFL level was increased 

in patients with AD and reduced after early abstinence. Reduction of NFL level corroborated well 

with the improvement of clinical symptoms. The ALDH2 rs671 polymorphism may play a role in 

modulating the extent of neuroaxonal injury and its recovery.
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Introduction

Alcohol drinking is the leading risk factor for disability and premature loss of life globally 

[1]. 18.4% of the adult population worldwide reported heavy episodic drinking in the 

preceding month, and alcohol dependence (AD), affecting 63.5 million of people, is the 

most prevalent disorder of substance dependence [45]. Excessive alcohol intake causes 

toxicity and severe complications in multiple organ systems and poses an ongoing crisis 

in public health [8]. Evaluating alcohol-related toxicity is important in patient care service 

because the information could not only direct professionals in making clinical decisions 

but also provide patients with relevant assessment results in the discussion of motivational 

enhancement.

Chronic and heavy alcohol consumption results in neurotoxicity and profound damage 

to the brain [29, 54, 55]. Although neuronal cell loss is observed in some regions of 

prefrontal cortex in individuals with AD, the white matter, which is mainly composed 

of axons surrounded by myelins, is more vulnerable to alcohol toxicity [7, 38, 55]. The 

disproportionate loss of cerebral white matter relative to cerebral cortex suggests that a 

major neurotoxic effect of alcohol in the central nervous system is axonal degeneration 

[18]. In addition, the white matter microstructural deficits have been related to the 

pathophysiology of AD [19] and the severity of alcohol problems [43]. Given that the brain 

imaging facilities are not universally available for healthcare systems, it is desirable to look 

for a reliable and alternative diagnostic indicator to evaluate and monitor neurotoxicity in 

AD patients.

Neurofilaments (NF) are the most abundant neuron-specific cytoskeletal proteins in 

myelinated axons to enable effective high-velocity axonal conduction [53]. Upon 

neuroaxonal injury, the NF are released extracellularly, allowing their detection in the 

cerebrospinal fluid (CSF) and peripheral blood, with levels proportional to the extent of 

axonal damage or neurodegeneration [35]. Neurofilament light chain (NFL) is a type of NF 

that could be quantified from peripheral blood with its level positively correlated with the 

level in the CSF [24]. Recent research has consistently documented that NFL could reliably 
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reflect the subcortical large-caliber axonal degeneration or neuronal damage and serve a 

nonspecific predictor or diagnostic biomarker of neurodegenerative neuroaxonal damage in 

neuropsychiatric disorders [3, 35]. The relevance of NFL has also been addressed in the 

field of addiction science, such as opioid dependence [25], ketamine dependence [41] or AD 

[39]. Li et al. observed the NFL levels were correlated with neuropsychological dysfunction 

and while matter lesions and suggested that NFL was a potential neurotoxic indicator for 

AD. However, up to now, it is unclear whether the NFL level will be normalized after 

discontinuation of the substance.

Alcohol is metabolized by alcohol dehydrogenase to a toxic and reactive metabolite, 

acetaldehyde, which is further oxidized to acetate, mainly by aldehyde dehydrogenase 2 

(ALDH2), an enzyme present in the mitochondrial matrix of cells [10]. Acetaldehyde 

derived from alcohol can cause DNA mutation and cellular damage [2, 21] and impairs 

axonal transport and cytoskeletal properties in the nervous system [37]. A common 

Asian-specific ALDH2 single nucleotide polymorphism (SNP), rs671 (G to A nucleotide 

change), results in an amino acid substitution from glutamic acid to lysine at position 504 

(Glu504Lys) and causes a dramatic loss of ALDH2 enzyme activity and accumulation 

of acetaldehyde level after alcohol consumption, with manifestation of facial flushing, 

palpitations, nausea, muscle weakness and headache [28] . Worldwide, ~540 million East 

Asians are estimated to have ALDH2 deficiency caused by the rs671 missense mutation 

[6]. ALDH2 deficiency has also been associated with increased risk of neurotoxicity to 

the nervous system that is particularly rich in mitochondrial content [11]. Based on these 

observations, Rs671 A allele carriers with AD might have more pronounced neuroaxonal 

injury and would be reflected by higher blood level of NFL.

Since alcohol withdrawal is a cardinal phase in AD treatment because the patients are more 

prone to relapse during this period [30], understanding the alterations of NFL level during 

early abstinence would help to characterize the course of neurobiological changes during 

this key phase. In this study, we aimed to compare the blood NFL level between treatment-

seeking patients with AD and healthy controls at the time of recruitment and followed the 

changes in NFL level after one- and two-week alcohol withdrawal. Also, we explored the 

possibility of using NFL as a biomarker to distinguish AD from non-AD patients and the 

correlation with clinical variables. Finally, the genetic effect of the common ALDH2 rs671 

alcohol metabolizing variant on NFL level was also determined. We hypothesized that the 

NFL level would be increased in patients with AD compared to healthy controls and reduced 

after cessation of alcohol use, and the effect is contributed by ALDH2 rs671 polymorphism. 

We believe the determination of the novel indicator of NFL and the genetic status of 

ALDH2 could provide a better understanding of the neuroaxonal disturbances induced by 

chronic alcohol use and provide better diagnostic accuracy and prognostic assessment in 

the future, especially for the large East Asian populations, which carry very distinct genetic 

polymorphisms in alcohol metabolism as opposed to the Non-East Asian populations [23].
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Methods

Study participants

This research followed the ethical standards described in the declaration of Helsinki and 

received the approval from the institutional review board at Taipei City Psychiatric Center 

(TCPC) (IRB No: TCHIRB-10701109) and National Health Research Institutes (Zhunan, 

Taiwan) (IRB No: EC1070102). Patients with AD were recruited from the inpatient ward 

of the Department of Addiction Sciences in TCPC from September 2018 to February 

2020. The inclusion criteria were: (1) age being between 20 to 65 years; (2) fulfilling 

the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision 

(DSM-IV-TR) criteria for alcohol dependence. The exclusion criteria were: (1) with a 

history of schizophrenia, bipolar disorder, or major depressive disorders with psychotic 

features, or having been treated with antipsychotics, mood stabilizers (including valproic 

acid and carbamazepine); (2) with a concurrent non-nicotine substance abuse or dependence; 

(3) with significant systemic or physical illnesses such as infectious, autoimmune, or 

cardiovascular disease and diabetes mellitus: (4) showing a history of neurological 

conditions such as primary seizure disorder, cerebrovascular disease, apoplexy, Parkinson’s 

disease, dementia, polyneuropathy other than alcoholic polyneuropathy. Following an initial 

clinical interview to ascertain their psychiatric diagnoses, the patients underwent a physical 

examination and urine toxicology test to screen for illicit drug use and to exclude other 

substance use disorders. All eligible patients received a comprehensive description of the 

study and were enrolled after a written informed consent was obtained.

Healthy control participants

The control group was recruited from the Health Examination Center of Taipei City 

Hospital, Jen-Ai Branch, Taipei, Taiwan. The control participants had to meet the following 

inclusion criteria: (1) no known physical or psychiatric illnesses identified in the interview 

and with normal results for routine laboratory tests; (2) not meeting the diagnostic criteria 

for any substance (except nicotine) use disorder, including alcohol, in the past; (3) alcohol 

consumption less than once per month in the preceding year with drinking amount less than 

20 g for males and 10 g for females.

Clinical assessments of active alcohol dependent patients

We measured severity of alcohol dependence by using the Chinese version of Severity 

of Alcohol Dependence Questionnaire (SADQ) [14] and smoking history information by 

self-reported smoking status (never vs. ever smoker) and pack-years (average number of 

packs of cigarettes they smoked each day multiplied by the total number of years they 

have smoked) [44]. Alcohol craving rated by Penn Alcohol Craving Scale (PACS) [22], 

depressive symptoms by the Chinese version of the 21-item Beck Depression Inventory 

(BDI) [42], and anxiety symptoms by the 21-item Beck Anxiety Inventory (BAI) [9], were 

measured at baseline and end of week 1 and week 2, respectively.
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Biochemical assays

Venous blood samples were obtained between 8 and 9 a.m. after overnight fasting. 

Additional samples were collected for those who were enrolled after 1 week and 2 

weeks of detoxification. Laboratory panels for chronic alcohol consumption including mean 

corpuscular volume (MCV), aspartate-aminotransferase (AST), alanine-aminotransferase 

(ALT), gamma-glutamyltransferase (γ-GT), and total bilirubin (Bil-T) were measured by an 

automated system. The blood specimens were centrifuged, and serum samples were rapidly 

frozen and stored at −80°C until analysis for NFL.

Plasma NFL assay

The concentration of neurofilament light (NFL) in plasma was measured using 

commercially available quantitative ELISA kit (OKCD01380; Aviva Systems Biology, San 

Diego, CA,) based on standard sandwich enzyme-linked immunosorbent assay technology. 

An antibody specific for NFL has been pre-coated with 100 μl of standards or diluted 

samples being added, incubated, and removed. A biotinylated detector antibody specific 

for NEFL is added. Avidin-Peroxidase Conjugate is then added and unbound conjugate is 

washed away. An enzymatic reaction is produced through the addition of TMB substrate 

which is catalyzed by HRP generating a blue color product that changes to yellow after 

adding acidic stop solution. The intensity of the color was measured by using a SpectraMax 

M2e microplate reader (Molecular Devices, Sunnyvale, CA, USA) at 450 nm. The NFL 

concentration was calculated based on a standard curve, which was linearized by plotting the 

log of the human NFL concentrations between 1.56 and 100 pg/ml versus the log of the O.D. 

and the best fit line can be determined by regression analysis. The intra-assay coefficient of 

variations was 7.2 %.

ALDH2 rs671 (G/A) genotyping

Genotyping was performed with the Axiom Genome-Wide TWB 2.0 Array, which 

was specially designed to identify disease-related SNPs with Taiwanese. Genotype 

calling was carried out using Genotyping Console 4.0 with default parameters (http://

www.affymetrix.com). The allele frequency distribution of rs671 did not violate Hardy-

Weinberg’s equilibrium test (p = 1.00 in control and p = 0.23 in AD patients).

Statistical analysis

Statistical analyses were conducted by the SAS software, Version 9.4 (SAS Institute, Inc., 

Cary, NC) and statistical figures were plotted by GraphPad Prism 5 (GraphPad Software, 

San Diego, CA, USA). Continuous variables were examined for normality and homogeneity 

of variance with non-normal distribution confirmed by the Kolmogorov-Smirnov test. 

Mann-Whitney U test was used to test the differences between two continuous variables 

and Chi-square test was used for the contingency tables. Bivariate correlation variables 

were calculated by Spearman’s correlation coefficient and by linear regression analysis for 

considering the covariate with age. The variables in multiple linear regression analysis, 

which had a p value less than 0.1 in Table 2 of Spearman’s correlation, were considered 

as predictors of NFL levels. The receiver operating characteristic (ROC) curves for the 

NFL levels were analyzed to distinguish AD and controls. The optimal cutoff was selected 
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using the Youden Index [5]. We performed mixed models of repeated-measures ANOVA, 

adjusting for pack-years of smoking, to determine the differences in NFL levels as well 

as clinical variables at week 0, week 1 and week 2 alcohol detoxification. The repeated 

measured correlations (rmCORR) were used to calculate the within-individual relations in 

paired measures assessed at week 0, week 1 and week 2 with R package [4]. Because less 

than no patients with AD and 7% of controls had the rs671 (AA) homozygous genotype, 

we combined the rs671 (AG) heterozygous and rs671 (AA) homozygous genotypes for the 

genetic analysis. Statistical significance was determined when p value < 0.05.

Results

The demographic and clinical characteristics of participants

A total of 147 patients with AD and 114 age- and sex-matched controls were recruited 

(Table 1). Compared to control group, the AD group had a significantly higher percentage 

of smokers and pack-years (p < 0.001). NFL levels were significantly increased by 3.7 folds 

in patients with AD (264.2 ± 261.8 vs. 72.1 ± 35.6 pg/ml, p < 0.001), and the increase 

remained significant after using age and smoking pack-years as the covariate in ANCOVA 

analysis (p < 0.001).

The ROC curve for NFL to distinguish patients with AD from controls

The ROC curve analyses revealed that an optimal cut-off value of NFL at 92 pg/mL 

significantly differentiate AD from control, reaching a sensitivity of 74.8 %, specificity of 

79.8 %, and Area Under the Curve (AUC) of 0.85 with a 95% confidence interval (CI) of 

0.80- 0.89 (p < 0.001) (Fig. 1).

Correlation of NFL levels with clinical variables

The Spearman’s correlation analysis showed the NFL level was correlated with age, 

sex, pack-years of smoking, duration of AD, average alcohol consumption amount in 

the past month, and SADQ and PACS scores (Spearman’s r value shown in Table 2). 

The multiple linear regression analysis demonstrated that NFL levels were significantly 

positively correlated with alcohol consumption in the past month (p = 0.026), and SADQ 

(p = 0.010) and PACS (p = 0.046) scores after adjustment. We also found that NFL levels 

were significantly correlated with liver function parameters (AST [Spearman’s r = 0.688, p 
< 0.001], ALT [r = 0.365, p < 0.001], γ-GT [r = 0.654, p < 0.001] after adjusted for age) 

(Supplementary Table 1).

Changes of NFL level after one- and two-week of detoxification and the correlations with 
clinical variables

NFL levels were significantly reduced after one week of alcohol detoxification and the 

levels remained non-altered from week 1 to week 2 (repeated-measures ANOVA, p < 

0.001) (Table 3) although the levels remained higher than those in controls (p < 0.001) 

(Supplementary Fig. 1a). Craving, depression, and anxiety severity were also significantly 

reduced throughout the 2 weeks of detoxification (repeated-measures ANOVA, p < 0.001, 

respectively). The rmCORR showed that the reduction in NFL levels correlated significantly 
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with the reduction of craving, depression, and anxiety symptoms (all p < 0.001), suggesting 

that the decrease in NFL correlates with symptom amelioration.

Association of ALDH2 rs671 genotypes with NFL levels

Genotype frequencies of rs671 and A allele frequency are shown in Table 1. The comparison 

of clinical profile between GG and GA groups in patients with AD is shown in Table 

4. There was a greater proportion of GA genotype in males. GA group had higher AST, 

γ-GT, and MCV values as well as craving severity than the GG group. Also, the GA group 

had significantly higher NFL levels than GG group at baseline (p = 0.014) and week 1 

(p = 0.029). At the end of week 2, GA group still manifested near-significant higher NFL 

levels than GG group (p = 0.059). There were also similar results in G- and A- alleles of 

rs671 (Table 4-1). This suggests GA carriers and A allele might suffer from more severe 

alcohol-related toxicity, including neuroaxonal toxicity, than GG carriers and G allele. The 

comparison of NFL levels between control and GG and AG groups at baseline, week 1, and 

week 2 is shown in Supplementary Fig. 1B, 1C and 1D.

Discussion

In this study, we demonstrated that blood NFL levels increased following chronic and 

heavy alcohol consumption. NFL levels were correlated with drinking amount, AD severity, 

craving, and pertinent biochemical data (AST, ALT, γ-GT, MCV). A cut-off level of NFL 

91.8 pg/mL could optimally distinguish AD with an AUC up to 0.85. Even within a week 

after alcohol consumption was stopped, NFL levels were reduced in patients with AD after 

alcohol discontinuation but remained higher than the healthy controls. The magnitude of 

reduction correlated with the improvement of craving, depression, and anxiety severity. 

In addition, among patients with AD, those with ALDH2 deficient rs671 GA genotype 

had higher NFL levels before and after early abstinence than those with GG genotype. 

Taken together, these results suggest that patients with AD are vulnerable to enhanced 

neuroaxonal injury but this injury can we reduced greatly even after a short-term of alcohol 

discontinuation. In addition, the genetic effect of ALDH2 may play an important role in 

neurotoxicity caused by chronic alcohol intake. Our results also indicated that blood NFL 

levels may serve as a useful diagnostic indicator for AD and its clinical outcomes.

Our observation of heightened NFL levels in patients with AD is in line with the recent 

work by Li et al [39]. In that study, NFL levels were found to be elevated in AD patients 

and those with higher NFL levels had more serious sleep and depression problems, white 

matter lesions, and neuropsychological dysfunction. Additionally, using ROC analysis, NFL 

levels can discriminate AD patients from healthy controls (with a sensitivity 84% and 

specificity 94% and AUC (0.92). Our ROC analysis also yielded similar sensitivity (75%), 

specificity (80%) and AUC (0.85). The lower sensitivity and specificity in our study might 

be due to the conventional NFL ELISA assay that we used in this study vs. the Single 

Molecule Arrays (Simoa) NFL ELISA assay used in Li’s study, with the latter shown to 

be approximately 50-fold more sensitive than the conventional ELISA [49]. Nevertheless, 

the similar findings support the feasibility of using blood NFL levels to predict AD-induced 

central nervous system injury. Our findings further found that NFL levels correlated well 
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with clinical variables associated with AD. In agreement with this correlation, previous 

publications indicated a relationship between white matter microstructural deficits, and 

severity of alcohol-related problems [43] and alcohol consumption amount [17]. These 

observations collectively suggested that patients with AD have severer neuroaxonal injury 

and blood NFL levels could serve a potential indicator for AD.

The NFL levels in our patients decreased significantly after one week of detoxification but 

reduced levels remained unaltered from week 1 to week 2. The limited amelioration of 

neuronal injury was also reported in some reports which showed that markers of neuronal 

damage decreased in early withdrawal but did not normalize [26, 32, 33]. In line with that 

observation, white matter microstructural abnormalities were found to be persistent during 

abstinence [19]. Whether blood NFL levels will continue to decrease after a prolonged 

period of abstinence should be clarified in future studies. Furthermore, in our rmCORR 

analysis, the reduction in blood NFL levels significantly correlated with the improvement 

of clinical symptoms (craving, depression, and anxiety) during withdrawal period. It is 

therefore possible that blood NFL levels could be used not only to detect the severity of 

AD-related symptoms, but also to monitor clinical progress in patients under treatment.

It is well-established that ALDH2 deficiency caused by the rs671 missense mutation has 

a strong positive effect on alcohol avoidance due to the unpleasant feelings of the alcohol 

flushing syndrome. Carriers of the ALDH2 GA and AA genotypes consume less alcohol 

in general and are less likely to become alcohol dependent [46, 47]. Consistent with these 

studies, our participants with the either GA or AA genotype only accounted for 23.1% of 

patients with AD vs. 45.6% of the health control group (Table 1). In this study, patients 

harbored the GA genotype displayed higher blood NFL levels than those with the GG 

genotype at baseline and after early abstinence, implying that the enhanced AD-related 

neuroaxonal injury in GA carriers was related to alcohol-derived acetaldehyde toxicity. This 

observation is accordance with current knowledge that A-allele carriers are more susceptible 

to neurotoxicity [13, 40, 52]. Also, in line with the significant correlation of NFL level 

and blood biochemical data of heavy drinking, GA carriers displayed higher craving, AST, 

γ-GT, and MCV values than GG carriers. In other words, the health risks of high alcohol 

consumption for GA carriers are greater relative to GG carriers

A few mechanisms may help explain the relationship between increased neuroaxonal 

injury and increased NFL release in patients with AD. First, oxidative stress could cause 

proteolysis and abnormal structural changes in neurofilament which contributes to increased 

NFL release [15, 36]. Oxidative damage to nucleic acid is also known to be correlated 

with increased NFL level in the cerebrospinal fluid [20]. Patients with AD are reported to 

suffer from heightened oxidative stress [33] and oxidative DNA damage [12, 32], hence may 

likely to have increased release of NFL. Second, Neuroaxonal injury has been reported to 

be associated with increased inflammatory activity and ensuing cytokine dysregulation in 

neurodegenerative diseases [50]. The subsequent damaging pathways involve the generation 

of antibodies against the myelin sheath and may result in ultimate loss of myelin [56].. 

Patients with AD are reported to have increased inflammatory cytokines or chemokines [34, 

51], which might result in a perturbation of neuroaxonal integrity and subsequent increased 

levels of released NFL. The attenuated immunocytokines after early abstinence observed 
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previously [34] supports our observation that NFL release was reduced after alcohol 

discontinuation. Third, alcohol may act as an N-methyl-D-aspartate (NMDA) receptor 

antagonist. The excitotoxicity mediated by NMDA up-regulation following long-tern alcohol 

exposure has longed been associated with brain damage [31]. In vitro experiment showed 

neurofilaments were rapidly lost from axons in response to NMDA excitotoxic insult and the 

neurofilament degeneration could be blocked by NMDA antagonists [16]. Although a direct 

link of NMDA up-regulation and NFL level has not been established yet in the literature, 

we speculate that NMDA excitotoxicity secondary to AD may at least in part contribute to 

axonal damage.

Our study has several limitations. Brain imaging data were not available, precluding us 

a more direct way to confirm a causal relationship between blood NFL elevation and 

macrostructural or microstructural axonal pathology. Second, we followed patients with 

AD only for two weeks after detoxification; changes of NFL levels over time in drinking 

population, e.g., from initially phase of problem drinking to AD or the potential reversibility 

of neurotoxicity after a long-term abstinence, is unknown. Third, the number of ALDH2 
rs671 genotyping derived from our cohort was relatively small, thus the association of 

A-allele with elevation of NFL levels needs to be confirmed by a larger sample size. Fourth, 

tobacco smoking often cooccurs in alcohol dependent patients. Although we are not aware 

of any research investigating the effect of smoking on NFL levels, some evidence has 

indicated that tobacco smoking can cause toxicity in the brain, in particular affecting white 

matter [27, 48]. Only a small proportion of controls were tobacco smokers. In order to 

overcome the potential bias, we used multiple linear regression and showed no significant 

correlation between pack-years of smoking and NFL levels. Nevertheless, we cannot exclude 

the effect of smoking on NFL levels in our patients.

In conclusion, we demonstrated the blood NFL levels were higher in patients with AD than 

healthy controls and correlated well with the severity of AD, craving and drinking-related 

biochemistry markers. After withdrawal, the increased NFL levels, although not normalized, 

were reduced, with the extent of NFL level reduction correlated with the improvement of 

psychological symptoms. These correlation data and ROC results support the possibility 

of using blood NFL levels for the detection of AD and monitoring of clinical outcome in 

patients with AD. Interestingly, we found that AD patients with the ALDH2 GA genotype 

tend to have a more severe neurotoxicity. This finding may indicate a need to genotype AD 

patients for ALDH2 when using blood NFL as a potential neurotoxic indicator for clinical 

diagnosis, evaluation of alcohol-induced neuroaxonal injury and monitoring of treatment 

outcome. Also, given the common phenotype of GA genotype is facial flushing following 

alcohol consumption, it is possible individuals with this experience might suffer from more 

severe neuroaxonal injury.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
The ROC curve for plasma NFL levels to distinguish patients with alcohol dependence from 

controls. The cut-off of 91.8 pg/mL was observed with a sensitivity of 74.8% and specificity 

of 79.8% with AUC of 0.85 (p < 0.001)

AUC: area under the curve. CI: confidence interval
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Table 1.

Baseline clinical characteristics in alcohol dependent (AD) and controls.

 Variable

AD group Control group

p valueN = 147 N = 114

Age, mean ± SD 44.9 ± 9.2 43.1 ± 10.6 0.13

Gender, N (%) 0.98

  Male 121 (82.3) 94 (82.5)

  Female 26 (17.7) 20 (17.5)

Smokers, N (%) 124 (84.9) 12 (10.5) <0.001

  Pack-years of smoking, mean ± SD 23.1 ± 22.6 (N=139) 0.8 ± 3.2 (N=111) <0.001

Alcohol drinking variables, mean ± SD

  Age of first drink, years old 16.9 ± 5.8 (N=146)

  Duration of alcohol dependence (yrs) 16.7 ± 10.3 (N=145)

  Average drinking amount in the past one month (gm of pure ethanol/day) 167.0 ± 121.3 (N=104)

Biochemial data, mean ± SD

  AST (10-39) (U/L) 61.3 ± 58.4 (N=116)

  ALT (7-42) (U/L) 38.2 ± 32.9 (N=110)

  Bil-T (0.2-1.2) (mg/dL) 1.2 ± 3.7 (N=102)

  γ-GT (5-61) (U/L) 258.3 ± 321.8 (N=104)

  MCV (80-100) (fL) 92.9 ± 7.4 (N=113)

Psychological assessment, mean ± SD

  SADQ (3-49) 23.7 ± 10.7 (N=84)

  PACS (3-30) 21.8 ± 7.7 (N=145)

  BDI (0-57) 19.2 ± 12.1 (N=145)

  BAI (0-52) 10.9 ± 9.4 (N=145)

NFL (pg/ml), mean ± SD 264.2 ± 261.8 72.1 ± 35.6 <0.001/<0.001 
adj

ALDH2 rs671 genotype, N (%) <0.001

  GG 113 (76.9) 62 (54.4)

  GA 34 (23.1) 44 (38.6)

  AA 0 (0.0) 8 (7.0)

ALDH2 rs671 allele frequency, N† (%) <0.001

  G allele 260 (88.4) 168 (73.7)

  A allele 34 (11.6) 60 (26.3)

Data are presented as mean ± SD (N) or N (%).

†
Allelic number.

Mann-Whitney U test used for continuous variables; Chi-square test used for categorical variable.

adj
ANCOVA using age and pack-years of smoking as the covariate.

The number in ‘pack-years of cigarette smoking’ (N) considered non-smokers to be zero.

Abbreviations: SD, Standard Deviation; AST: aspartate transaminase; ALT: alanine transaminase; Bil-T: total bilirubin; γ-GT: gamma-glutamyl 
transferase; SADQ: Severity of Alcohol Dependence Questionnaire total score; PACS: Penn Alcohol Craving Score; BDI: Beck Depression 
Inventory; BAI: Beck Anxiety Inventory.
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Bold in p value indicates a value ≦ 0.05.
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Table 4.

Comparison of clinical characteristics between ALDH2 rs671 GG and AG group in patients with AD.

 Variable

GG GA

p valueN = 113 N = 34

Age, mean ± SD 44.9 ± 9.3 44.9 ± 9.3 0.90

Gender, N (%) 0.04

  Male 89 (78.8) 32 (94.1)

  Female 24 (21.2) 2 (5.9)

Smokers, N (%) 92 (82.1) 32 (94.1) 0.09

  Pack-years of smoking, mean ± SD 21.7 ± 22.7 (N=107) 27.9 ± 21.7 (N=32) 0.06

Alcohol drinking variables, mean ± SD

  Age of first drink, years old 16.8 ± 5.4 (N=112) 17.1 ± 7.3 0.22

  Duration of alcohol dependence (yrs) 16.7 ± 10.7 (N=111) 16.5 ± 9.2 0.91

  Average drinking amount in the past one month (gm of pure ethanol/day) 162.7 ± 125.9 (N=79) 180.5 ± 106.9 (N=25) 0.29

Biochemical data, mean ± SD

  AST (U/L) (10-296) 54.7 ± 52.3 (N=90) 84.1 ± 72.5 (N=26) 0.006

  ALT (U/L) (6-175) 40.4 ± 36.2 (N=86) 30.5 ± 14.2 (N=24) 0.83

  Bil-T (mg/dL) (0.2-38) 1.3 ± 4.2 (N=78) 1.1 ± 1.0 (N=24) 0.43

  γ-GT (U/L) (11-1490) 219.5 ± 291.2 (N=80) 387.7 ± 386.8 (N=24) 0.02

  MCV (fL) (66.7-114.1) 92.0 ± 6.6 (N=87) 96.0 ± 9.0 (N=26) 0.006

Psychological assessment, mean ± SD

  SADQ (3-49) 23.1 ± 11.5 (N=61) 25.1 ± 8.3 (N=23) 0.21

  PACS (3-30) 21.0 ± 7.9 (N=111) 24.3 ± 6.6 0.03

  BDI (0-57) 19.2 ± 12.9 (N=111) 19.1 ± 9.3 0.76

  BAI (0-52) 10.9 ± 9.9 (N=111) 10.8 ± 7.6 0.63

NFL (pg/ml), mean ± SD

  Week 0 (baseline) 237.8 ± 245.9 351.8 ± 296.1 0.01

  Week 1 172.7 ± 177.4 (N=62) 208.5 ± 117.7 (N=23) 0.03

  Week 2 165.0 ± 167.6 (N=59) 187.7 ± 109.3 (N=20) 0.06

Data are presented as mean ± SD (N).

Mann-Whitney U test used for continuous variables; Chi-square test used for categorical variable.

The number in ‘pack-years of cigarette smoking’ (N) considered non-smokers to be zero.

Abbreviations: SD, Standard Deviation; AST: aspartate transaminase; ALT: alanine transaminase; Bil-T: total bilirubin; γ-GT: gamma-glutamyl 
transferase; SADQ: Severity of Alcohol Dependence Questionnaire total score; PACS: Penn Alweecohol Craving Score; BDI: Beck Depression 
Inventory; BAI: Beck Anxiety Inventory.

Bold in p value indicates a value ≦ 0.05.
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Table 4-1.

Comparison of NFL levels between G and A alleles of ALDH2 rs671 in patients with AD.

 Variable

G A

p valueN = 260 N = 34

NFL (pg/ml), mean ± SD

  Week 0 (baseline) 252.7 ± 254.8 351.8 ± 296.1 0.02

  Week 1 178.3 ± 169.0 (N=147) 208.5 ± 117.7 (N=23) 0.04

  Week 2 168.3 ± 159.7 (N=138) 187.7 ± 109.3 (N=20) 0.08

Data are presented as mean ± SD (N: allelic number).

Mann-Whitney U test used for continuous variables.

Bold in p value indicates a value ≦ 0.05.
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