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Abstract 

Background and aim Brain-derived neurotrophic factor (BDNF) functions not only in the brain but also in periph-
eral tissues such as the liver. Genetic factors determine the development of alcohol dependence and somatic 
consequences of chronic intoxication, especially liver cirrhosis. The BDNF gene polymorphisms are associated 
with alcohol dependence; however, their relationship with the development of alcohol-related liver cirrhosis (ALC) 
has not yet been established. This study evaluated the association between single-nucleotide polymorphisms (SNPs) 
within the BDNF gene and liver cirrhosis in heavy drinkers.

Methods BDNF-related SNPs rs925946, rs6265, rs10835210, rs7103411, and rs75945125 were determined using real-
time PCR in heavy drinkers with and without liver cirrhosis. Single SNPs and defined haplotypes within the BDNF gene 
were tested for association with ALC.

Results According to both codominant and recessive genetic models, carriers of the rs925946 TT genotype have 
an elevated risk of liver cirrhosis development with odds ratios (confidence intervals) 6.287 (1.286–30.738) and 6.321 
(1.317–30.348), respectively. BDNF SNPs rs6265, rs10835210, rs7103411, and rs75945125 do not associate with risk 
of ALC. One block of haplotypes consisting of rs10835210 and rs7103411 demonstrated linkage disequilibrium (D′ = 
1 and r2 = 0.228). The revealed haplotypes do not associate with the development of liver cirrhosis in alcohol heavy 
drinkers.

Conclusion Thus, the BDNF rs925946 SNP is associated with the risk of ALC in heavy drinkers. Future investigations 
of the BDNF gene-related genetic markers of ALC will help to objectively assess the risk and severity of liver damage 
and correct the corresponding therapy.
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Introduction
Excessive alcohol consumption may induce the devel-
opment of alcohol-related liver disease (ALD) gradually 
progressing from fatty liver to steatohepatitis, which can 
eventually lead to alcohol-related liver cirrhosis (ALC) in 
8–20% of heavy drinkers [1]. Both alcohol dependence 
and somatic consequences of chronic intoxication, such 
as liver cirrhosis, are genetically determined. Genetic 
background is the main risk factor of ALC with heritabil-
ity ranging from 21 to 67% [2]. Finding and validation of 
the genetic markers of ALC will supplement the battery 
of clinical tools assessing the severity of alcohol-induced 
liver damage and help to correct the corresponding ther-
apy [3].

Clinical data demonstrate that polymorphisms within 
the gene encoding the brain-derived neurotrophic factor 
(BDNF) and circulating BDNF concentration may be bio-
markers of drinking behavior in alcohol dependence and 
recovery during the abstinence period [4–6]. BDNF gene 
polymorphisms are associated with alcohol dependence; 
however, their relationship with the development of ALC 
has not yet been established.

BDNF is a secreted protein possessing neuroregu-
latory properties. It modulates neurogenesis, differ-
entiation, and survival of neurons and is involved in 
activity-dependent synaptic plasticity, linking synaptic 
activity with long-term functional and structural modi-
fication of synaptic connections [7, 8]. Physiological 
activity of BDNF is not limited to the brain. BDNF also 
functions in peripheral tissues such as the liver where 
it is implicated in direct or indirect regulation of basic 
hepatic metabolic processes [9]. BDNF is believed to be 
a key neurotrophin contributing to molecular, structural, 
and functional disturbances in the brain accompanying 
alcohol use disorder (AUD) [10, 11]. However, little is 
known about BDNF involvement in alcohol-related liver 
damage.

Meanwhile, few investigations have shown the relation-
ship between circulating BDNF levels and ALD. Serum 

levels of BDNF are associated with liver stiffness in indi-
viduals with AUD [12]. In particular, both elastometry 
measurements and serum GGT (γ-glutamyl transferase) 
activity predicted BDNF levels during 2 months of absti-
nence in a regression model [12]. On the contrary, serum 
BDNF was poorly correlated with the liver function tests, 
as shown by the absence of its relationship with bilirubin, 
prothrombin activity, and Child–Pugh score in patients 
with AUD [13].

Few studies focus on the role of BDNF in liver cirrho-
sis. One work described the association of BDNF gene 
single nucleotide polymorphisms (SNPs) with hepatitis 
B virus (HBV)-induced cirrhosis, implying the possibility 
that ALC may also be influenced by the BDNF gene [14]. 
Additionally, cirrhotic patients have higher serum BDNF 
levels than healthy individuals independently on the 
presence of depression or anxiety symptoms [15]. More-
over, patients with lower Child–Pugh score have higher 
serum BDNF levels [15].

To date, there are no data demonstrating associations 
between genetic markers within the BDNF gene and the 
development of ALC. Meanwhile, BDNF-related SNPs 
may interact with ALC. We made an analysis of the 
existing literature and chose BDNF polymorphisms that 
matched the following criteria: SNP associates with cir-
rhosis of etiology non-related to alcohol consumption 
and/or associates with alcohol dependence or affects 
circulating BDNF levels or associates with cirrhosis-pro-
voking factors. Parameters of investigated BDNF SNPs 
(namely rs6265, rs10835210, rs7103411, rs75945125, and 
rs925946) are listed in Table  1. BDNF SNP rs6265 and 
rs6265-rs10835210 haplotypes are associated with viral-
induced cirrhosis [14]. Additionally, both rs6265 [16, 17] 
and rs10835210 [18] have been shown to associate with 
alcohol dependence. BDNF SNP rs7103411 associates 
with comorbid AUD [19, 20]. Additionally, we studied 
two polymorphic loci rs925946 and rs75945125, which 
are not directly related to cirrhosis or alcohol depend-
ence. rs75945125 is a SNP associated with circulating 

Table 1 Studied BDNF polymorphisms

Abbreviations: BDNF brain-derived neurotrophic factor, SNP single nucleotide polymorphism, UTR  untranslated region, AUD alcohol use disorder, ALC alcohol-related 
liver cirrhosis, MAF minor allele frequency

SNP (major/minor alleles) Position (GRCh38.p13) Hardy–Weinberg equilibrium 
χ2 (p)

Reported MAF (1000 
Genomes Project)

Observed MAF

AUD, n = 71 ALC, n = 110

rs925946 (G/T) chr11:27645655, 3′-UTR (reverse strand) 0.325 (0.850) 3.369 (0.186) 0.253 0.243

rs6265 (G/A) chr11:27658369, Exon – missense 1.380 (0.502) 0.870 (0.647) 0.201 0.146

rs10835210 (C/A) chr11:27674363, Intron 0.077 (0.963) 1.750 (0.417) 0.245 0.450

rs7103411 (T/C) chr11:27678578, Intron 2.386 (0.303) 3.937 (0.140) 0.247 0.157

rs75945125 (T/C) chr11:27757378, 5′-UTR (reverse strand) 0.138 (0.933) 0.366 (0.833) 0.104 0.050
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BDNF levels, which maps near the BDNF gene [21]. 
rs925946 is located in the intergenic region downstream 
of the BDNF gene (or intronic in BDNF-AS gene) and is 
strongly associated with obesity [22, 23], which is con-
sidered to be a risk factor for cirrhosis. Based on the lit-
erature data, we came up with the hypothesis that BDNF 
SNPs or haplotypes presented in the table may be asso-
ciated with ALC. Thus, this study investigated a possible 
link between BDNF gene polymorphisms and ALC.

Methods
Subjects
Individuals of Caucasian ancestry with excessive alco-
hol consumption were recruited from Vinogradov Mos-
cow City Clinical Hospital No.64 and Clinic affiliated 
with Serbsky National Medical Research Center for Psy-
chiatry and Drug Addiction, Moscow, Russia. During 
the period from 2016 to 2020, one hundred eighty-one 
eligible patients were enrolled into the study. Sub-
jects with verified cancer or positive for hepatitis B or 
C viruses were excluded from the study. Patients were 
divided into AUD without clinically significant signs of 
liver cirrhosis (AUD, n = 71) and alcohol-related liver 
cirrhosis (ALC, n = 110) groups. All patients were con-
sidered heavy alcohol drinkers as they had a history of 
alcohol consumption of more than 14 standard drinks 
per week for several years. The studied subjects have 
been consuming more than 100 g of alcohol per day for 

at least 10 years, taking the amounts acknowledged to 
provoke ALD [24]. Problems related to alcohol drink-
ing were screened by self-reported interviews using the 
CAGE (Cut down, Annoyed, Guilty, Eye-opener) and 
AUDIT (alcohol use disorders identification test) ques-
tionnaires. The diagnosis of liver cirrhosis was based on 
the clinical presentation of hepatic encephalopathy and 
jaundice, presence of portal hypertension, ascites, and 
hepatomegaly as determined by ultrasonography, pres-
ence of esophageal varices according to upper gastro-
intestinal endoscopy, and METAVIR equivalent stage 
F4 according to ultrasound elastography. Liver cirrho-
sis was staged by calculation Child–Pugh score. Clini-
cal and laboratory characteristics of patients (Table  2) 
included in this study were described previously [25]. 
The study protocol followed the Declaration of Helsinki 
and was approved by the Institutional Ethics Commit-
tee. All subjects provided written informed consent for 
research studies.

Biochemistry
The serum levels of alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), GGT, alkaline phos-
phatase (ALP), and total bilirubin were measured on 
a SAPPHIRE 400 biochemical analyzer (Hirose Elec-
tronic System Co., Ltd., Japan) with compatible kits of 
reagents (Randox Laboratories Ltd., UK).

Table 2 Clinical and laboratory characteristics

Continuous variables are shown as median (lower quartile; upper quartile). Mann–Whitney U test was performed for pairwise comparisons of continuous variables 
between the AUD and ALC groups. Chi-square test was used to compare categorical variables between the groups

Abbreviations: AUD alcohol use disorder, ALC alcohol-related liver cirrhosis, ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, 
GGT  γ-glutamyl transferase

Parameter AUD, n = 71 ALC, n = 110 p value

Platelet count, ×  109/L 216.5 (169.0; 251) 164.5 (113.5; 243.5) p = 0.003

ALT, U/L 27.9 (21.7; 43.3) 24.1 (15.8; 39.0) p = 0.012

AST, U/L 46.1 (28.1; 62.6) 56.1 (33.2; 108.7) p = 0.017

AST/ALT ratio 1.4 (1.1; 1.7) 2.8 (2.6; 1.5) p = 8.613 ×  10-12

GGT, U/L 46.6 (36.1; 71.3) 197.5 (80.0; 302.0) p = 6.879 ×  10−10

ALP, U/L 178.0 (144.0; 213.5) 137.0 (95.0; 197.0) p = 3.556 ×  10−4

Total bilirubin, μmol/L 13.3 (10.7; 19.2) 50.8 (26.4; 152.1) p = 2.559 ×  10−17

Child–Pugh class

 A 0 17 –

 B 0 24

 C 0 69

Encephalopathy:

 Yes 7 53 χ2 = 26.893; p <

 No 64 57 0.001

Type II diabetes mellitus:

 Yes 1 21 χ2 = 11.034; p =

 No 70 89 0.001
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Genotyping
Genomic DNA was isolated from whole blood using the 
spin column-based DNA purification kit “K-sorb” (#EX-
514; Syntol, Russia) according to the manufacturer’s 
instructions and stored at – 80 °C before use. The geno-
typing of BDNF SNPs was conducted by using prede-
signed and validated kits of reagents “SNP-Screen” based 
on TaqMan chemistry (Syntol, Russia). Real-time PCR 
was performed on an ANK-48 thermocycler (Institute 
for Analytical Instrumentation RAS and Bauman Mos-
cow State Technical University, Russia) according to the 
manufacturer’s instructions. Positive synthetic controls 
of each possible genotype and negative (no-template) 
controls for each PCR run were included. Genotype dis-
crimination was performed using ANK_Expert Software 
ver. 1.0.5.100 (Syntol, Russia).

Statistics
Statistical analysis was performed using Prism 6 for Win-
dows (GraphPad Software Inc., USA) and IBM SPSS 
Statistics version 23.0 (IBM Corp., USA). The Kolmog-
orov-Smirnov and Lilliefors tests were used to check 
whether variables follow a normal distribution. Vari-
ables are shown as median with lower and upper quar-
tiles. The Hardy-Weinberg equilibrium of the expected 
and observed genotype distribution was analyzed by χ2 
test. The genotypes and allele frequencies were evaluated 
using the χ2 test. The association between single SNPs 
and risk of liver cirrhosis in heavy drinkers was estimated 
by computing odds ratios (ORs) and confidence intervals 
(CIs). Contingency tables were used to calculate of χ2 and 
ORs. Adjusted ORs were estimated using logistic regres-
sion analysis with the presence of encephalopathy and 
diabetes as covariates. The Mann–Whitney U test was 
performed for pairwise comparisons of continuous vari-
ables between the AUD and ALC groups. Linkage dise-
quilibrium calculation and visualization were performed 
using Haploview software, version 4.2 [26]. Inferred hap-
lotype blocks were constructed using the Gabriel confi-
dence interval method [27]. Statistical significance was 
assumed at two-sided p values at < 0.05 level.

Results
The distribution of genotypes of the studied BDNF pol-
ymorphisms in the experimental groups was in accord-
ance with the Hardy–Weinberg equilibrium (Table  1). 
There were no differences in the frequencies of the allele 
and genotype distributions between heavy drinkers with 
and without liver cirrhosis for each of the studied BDNF 
SNPs (Table 3). Analysis of ORs revealed an association 
between the rs925946 locus and ALC (Table  3). In par-
ticular, according to both codominant and recessive 
genetic models, carriers of the rs925946 TT genotype 

had an elevated risk of liver cirrhosis (Table 3). According 
to ORs, BDNF SNPs rs6265, rs10835210, rs7103411, and 
rs75945125 do not affect risk of ALC (Table 3).

The analysis revealed one block of haplotypes 
(Fig. 1A). Linkage disequilibrium was observed between 
rs10835210 and rs7103411 polymorphisms, indicating 
that the two SNPs are commonly inherited together. The 
results demonstrated that D′ = 1 and r2 = 0.228 between 
rs10835210 and rs7103411 (Fig.  1B). Next, the distribu-
tion of each haplotype in heavy drinkers with and with-
out liver cirrhosis was analyzed. Two-locus haplotype 
analysis showed that frequencies of rs10835210 and 
rs7103411 haplotypes were not significantly different in 
ALC patients compared to heavy drinkers without cir-
rhosis (Table  4). Haplotype-based association analysis 
was performed for rs10835210 and rs7103411 SNPs com-
binations. No significant association was found between 
haplotypes and the development of liver cirrhosis in alco-
hol heavy drinkers (Table 4).

Discussion
Using the same sample set studied here, we previously 
demonstrated that the development of ALC in heavy 
drinkers has a genetic background highly specific for 
liver cirrhosis [25]. In particular, patients carrying the 
PNPLA3 (patatin-like phospholipase domain-containing 
3) rs738409 CG or CG+GG genotypes as compared with 
CC genotype carriers or G allele as compared with C 
allele carriers have a significant risk of ALC [25]. More-
over, PNPLA3 rs738409 CC carriers had a lower stage 
of cirrhosis as compared with CG+GG carriers [25]. In 
this study, we attempted to extend the range of genetic 
markers of ALC and tested the candidate SNPs rs925946, 
rs6265, rs10835210, rs7103411, and rs75945125 related 
to the BDNF gene. The relationship between BDNF 
gene polymorphisms and ALC has not yet been studied. 
According to this study, rs925946 is the only SNP associ-
ated with an elevated risk of liver cirrhosis in heavy alco-
hol drinkers. In particular, according to both codominant 
and recessive genetic models, carriers of the rs925946 TT 
genotype have an elevated risk of liver cirrhosis devel-
opment. We could not confirm the association of BDNF 
SNP rs6265 with cirrhosis established by Shu and co-
authors for cirrhosis of viral etiology [14], presumably 
due to specific nature of pathology—viral-induced vs. 
alcohol-induced cirrhosis or variability between ethnic 
groups—Chinese Han vs. Caucasian.

As reviewed by Marcos-Pasero and co-authors 
rs925946 polymorphism is associated with obesity, 
body weight, and body mass index (BMI) in European, 
European-American, and African-American cohorts 
[22]. According to the meta-analysis performed by 
Akbarian and co-authors, rs925946 is associated with 
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Table 3 Distribution of genotype and allele frequencies and association of single SNPs within the BDNF gene with liver cirrhosis in 
heavy drinkers

χ2 values were established by using contingency tables. Logistic regression analysis with the presence of encephalopathy and diabetes as covariates was used to 
calculate ORs. Statistically significant values are in bold italic

Abbreviations: BDNF brain-derived neurotrophic factor, SNP single nucleotide polymorphism, AUD alcohol use disorder, ALC alcohol-related liver cirrhosis, OR odds 
ratio, CI confidence interval

SNP Genotypes AUD, n = 71 ALC, n = 110 χ2 (p value) OR (95% CI), p value

rs925946 GG, n (%)
GT, n (%)
TT, n (%)
Dominant model
GG, n (%)
GT+TT, n (%)
Recessive model
GG+GT, n (%)
TT, n (%)
G allele, n (%)
T allele, n (%)

45 (63.4)
24 (33.8)
2 (2.8)
45 (63.4)
26 (36.6)
69 (97.2)
2 (2.8)
114 (80.3)
28 (19.7)

62 (56.4)
36 (32.7)
12 (10.9)
62 (56.4)
48 (43.6)
98 (89.1)
12 (10.9)
160 (72.7)
60 (27.3)

0.009 (0.924)
2.935 (0.087)
0.613 (0.434)
2.907 (0.088)
2.282 (0.131)

1
0.984 (0.480–2.019), 0.966
6.287 (1.286–30.738), 0.023
1
1.366 (0.700–2.665), 0.360
1
6.321 (1.317–30.348), 0.021

rs6265 GG, n (%)
GA, n (%)
AA, n (%)
Dominant model
GG, n (%)
GA+AA, n (%)
Recessive model
GG+GA
AA, n (%)
G allele, n (%)
A allele, n (%)

52 (73.2)
16 (22.5)
3 (4.2)
52 (73.2)
19 (26.8)
68 (95.8)
3 (4.2)
120 (84.5)
22 (15.5)

80 (72.7)
29 (26.4)
1 (0.9)
80 (72.7)
30 (27.3)
109 (99.1)
1 (0.9)
189 (85.9)
31 (14.1)

0.078 (0.780)
0.833 (0.361)
0.009 (0.924)
0.929 (0.335)
0.047 (0.829)

1
0.182 (0.014–2.354), 0.192
0.947 (0.435–2.063), 0.891
1
0.828 (0.392–1.750), 0.620
1
0.184 (0.014–2.365), 0.194

rs10835210 CC, n (%)
CA, n (%)
AA, n (%)
Dominant model
CC, n (%)
CA+AA, n (%)
Recessive model
CC+CA
AA, n (%)
C allele, n (%)
A allele, n (%)

12 (16.9)
33 (46.5)
26 (36.6)
12 (16.9)
59 (83.1)
45 (63.4)
26 (36.6)
57 (40.1)
85 (59.9)

29 (26.4)
48 (43.6)
33 (30.0)
29 (26.4)
81 (73.6)
77 (70.0)
33 (30.0)
106 (48.2)
114 (51.8)

1.086 (0.297)
1.665 (0.197)
1.698 (0.193)
0.586 (0.444)
1.941 (0.164)

10.595 (0.249–1.421), 0.243
0.570 (0.202–1.269), 0.147
1
0.556 (0.247–1.251), 0.156
1
0.721 (0.360–1.442), 0.355

rs7103411 TT, n (%)
TC, n (%)
CC, n (%)
Dominant model
TT, n (%)
TC+CC, n (%)
Recessive model
TT+TC
CC, n (%)
T allele, n (%)
C allele, n (%)

49 (69.0)
22 (31.0)
0 (0.0)
49 (69.0)
22 (31.0)
71 (100.0)
0 (0.0)
120 (84.5)
22 (15.5)

75 (68.2)
35 (31.8)
0 (0.0)
75 (68.2)
35 (31.8)
110 (100.0)
0 (0.0)
185 (84.1)
35 (15.9)

0.002 (0.963)
–––
0.002 (0.963)
–––
0.002 (0.967)

1
0.892 (0.439–1.814), 0.752
–––
1
0.892 (0.439–1.814), 0.752
–––

rs75945125 TT, n (%)
TC, n (%)
CC, n (%)
Dominant model
TT, n (%)
TC+CC, n (%)
Recessive model
TT+TC
CC, n (%)
T allele, n (%)
C allele, n (%)

65 (91.5)
6 (8.5)
0 (0.0)
65 (91.5)
6 (8.5)
71 (100.0)
0 (0.0)
136 (95.8)
6 (4.2)

98 (89.1)
12 (10.9)
0 (0.0)
98 (89.1)
12 (10.9)
110 (100.0)
0 (0.0)
208 (94.5)
12 (5.5)

0.081 (0.775)
–––
0.081 (0.775)
–––
0.077 (0.781)

1
1.368 (0.451–4.151), 0.581
1
1.368 (0.451–4.151), 0.581
–––
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BMI [23]. There was a link between rs925946 (GG vs 
TG/TT polymorphism) and BMI (OR = 1.12, 95% 
CI = 1.08–1.17) [23]. A significantly greater BMI was 
observed in those with the TG/TT genotype than in 
carriers of the GG genotype across studies [23]. Obesity 

is considered an independent risk factor for the devel-
opment of severe liver fibrosis, fibrosis progression, and 
cirrhosis. Moreover, several population-based stud-
ies identified obesity as an independent risk factor for 
alcohol-induced liver damage [28]. However, it is still 
unclear whether the hepatotoxic consequences of obe-
sity and ethanol abuse are additive or synergistic.

In addition to the brain, expression of BDNF has been 
reported in peripheral tissues including the liver [29, 
30], although the functional role of BDNF signaling in 
the liver is not fully understood. BDNF is involved in 
liver homeostasis, playing a role in metabolic processes 
such as fatty acid oxidation and synthesis, glycogenesis 
and gluconeogenesis [9]. BDNF may exert a hepato-
protective effect in rodents. As demonstrated by Xiong 
and co-author, BDNF can protect mice from a diet 
that induces steatohepatitis [31]. On the other hand, 
BDNF may provoke liver damage in rodents. Hepatic 
BDNF facilitates the emergence of insulin resistance, 
dyslipidemia, and liver disease following high-fat diet 
[32]. BDNF mRNA is significantly increased in both 
human and animal liver fibrosis [33]. Moreover, BDNF 
stimulation increased pro-inflammatory cytokines and 
fibrogenic markers in hepatic stellate cells [33]. BDNF 
values significantly increase following progression of 
the fibrosis stages as measured by the liver stiffness in 
subjects with AUD [12]. On the contrary, circulating 
BDNF levels are lower in AUD patients with impaired 
liver function [34]. Ceccanti and co-authors obtained 
similar results in rodents. They demonstrated that peri-
natal exposure to 11% ethanol solution or to red wine 
with same ethanol concentration caused depletion of 
BDNF in the liver of 18-month-old male mice [35]. At 
the basal conditions, BDNF deficiency in mice did not 
affect hepatic cell death or lipid accumulation [36]. 
However, during endoplasmic reticulum stress, BDNF 
deficiency enhanced apoptosis and steatosis in the 
wild-type animals [36]. Yang and co-authors showed a 
negative correlation between the mature BDNF levels 

Fig. 1 Relative positions and linkage disequilibrium estimates 
between the BDNF polymorphisms. A Linkage equilibrium plot 
of pairwise SNPs within the BDNF gene in pooled sample. Colored 
squares correspond to D′ values for each pair of SNPs with numerical 
estimates given within squares (D′ × 100). Regions of high linkage 
disequilibrium are shown in black. Markers with lower linkage 
disequilibrium are shown in tints of gray, with the color intensity 
decreasing with decreased D′ value. Regions of low linkage 
disequilibrium are shown in white. Haplotype blocks were defined 
by the Haploview software with the option of using the haplotype 
block definition proposed by Gabriel et al. [26, 27]. B Linkage 
disequilibrium estimates for the revealed block of haplotype. 
Abbreviations: BDNF, brain-derived neurotrophic factor; SNP, single 
nucleotide polymorphism

Table 4 Association analysis of rs10835210 and rs7103411 
haplotypes with liver cirrhosis in heavy drinkers

χ2 and ORs values were established by using contingency tables

Abbreviations: AUD alcohol use disorder, ALC alcohol-related liver 
cirrhosis OR odds ratio, CI confidence interval

Haplotype AUD, n = 71 ALC, n = 110 χ2 (p value) OR (95% CI)

AT, n (%) 85 (59.9) 114 (51.8) 2.254 (0.133) 0.721 
(0.467–1.101)

CT, n (%) 35 (24.6) 71 (32.3) 2.423 (0.120) 1.457 
(0.899–2.309)

CC, n (%) 22 (15.5) 35 (15.9) 0.011 (0.916) 1.032 
(0.569–1.807)
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in the parietal cortex and those in the liver of patients 
with major depressive disorder, schizophrenia, and 
bipolar disorder, thereby implying that production of 
mature BDNF and BDNF pro-peptide in the brain and 
liver might have a role in the pathophysiology of psy-
chiatric disorders [30]. These results may suggest the 
existence of the brain-liver axis [30].

The BDNF polymorphism rs925946 that, according 
to this study, is associated with the risk of ALC locates 
within the intronic region of the BDNF-AS gene. BDNF-
AS is a natural non-coding antisense transcript that is 
transcribed from the human BDNF locus in the oppo-
site direction and may have an important role in the 
regulation of BDNF expression in humans [37]. BDNF 
association with ALC has not yet been established. How-
ever, some investigations have shown the interaction of 
BDNF with ALD. Girard and co-authors reported that 
BDNF values increase significantly in accordance with 
the liver fibrosis stages in AUD subjects, and linear 
regression analysis demonstrated a relationship between 
BDNF levels as the dependent variables and liver elastic-
ity as the predictor [12]. Moreover, serum BDNF levels 
increase after alcohol withdrawal and negatively correlate 
with GGT levels as a measure of liver functionality [38]. 
Based on the literature data, we suppose that carriage 
of the BDNF rs925946 TT genotype may affect hepatic 
BDNF expression and function, thereby providing a 
link between BDNF and liver cirrhosis associated with 
chronic alcohol intoxication.

Meanwhile, this study has some limitations: (i) BMI 
data and circulating BDNF levels were not collected, (ii) 
the sample size is relatively small. Confirmation of the 
relationship between BDNF and ALC is a subject of great 
demand.

Conclusion
BDNF rs925946 SNP is associated with the risk of ALC in 
heavy drinkers; according to both codominant and reces-
sive genetic models, carriers of the rs925946 TT geno-
type have an elevated risk of liver cirrhosis development. 
Further search for genetic markers of ALC within the 
BDNF gene and their validation will help to objectively 
assess the risk and severity of liver damage and correct 
the corresponding therapy.
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