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The role of GSTM1 and GSTTI deletion variants and alcohol consumption
profile in the development of alcoholic liver cirrhosis

Vnora aeneunonux Bapujant [ CTM1 v I'CTTI n npoduna KoH3yMupama
aJIKOX0J1a y Pa3Bojy aJIKOXOJIHE IUPO3€E jeTpe

SUMMARY

Introduction/Objective Alcoholic liver cirrhosis (ALC)
is the primary cause of alcohol abuse-related mortality,
resulting from alcohol-induced oxidative stress. Gluta-
thione S-transferases (GSTM1, GSTT1) are enzymes es-
sential for detoxification, and their deficiency may con-
tribute to the onset of chronic inflammation and disease
progression. This study sought to investigate the relation-
ship between GSTM1 and GSTT! deletions and ALC, as
well as alcohol consumption patterns in cirrhosis devel-
opment.

Methods The analysis included 114 ALC patients and
262 controls, with GSTM1 and GSTT1 deletions assessed
via multiplex PCR.

Results Findings indicated that individuals with the
GSTM1I null genotype had a three-fold increased risk of
developing ALC (95% CI, 1.87-4.81; p < 0.0001),
whereas GSTTI null genotypes showed no significant
impact. Individuals with both GSTM1 null and GSTT!
null genotypes exhibited an 11-fold heightened risk of
ALC (OR = 11.21, 95% CI = 3.30-38.14, p < 0.001).
Furthermore, patients who commenced alcoholcon-
sumption at 22.5 years or older developed cirrhosis more
rapidly than their younger counterparts (p < 0.001).
Conclusion GSTM! null and combined GSTM1/GSTT
null genotypes constitute significant risk factors for
ALC, with older patients experiencing accelerated dis-
ease progression irrespective of alcohol intake levels.
Keywords: alcoholic liver cirrhosis (ALC); drinking
profile; GSTM1 and GSTT1I; deletion variants; null ge-
notypes

CAXKETAK

Yeon/Ilmib Ankoxonna nuposa jerpe (ALJ) je mpu-
MapHH Y3pOK CMPTHOCTH Y3POKOBaHE 3J0YHOTpeOOM
AJTKOXO0JIa, HACTAJIOT Ka0 MOCIIeTIUIA aTKOXOJIOM H3a3Ba-
HOT OKCHJATHUBHOT cTpeca. [nyraTtioH S-TpaHcdepase
(I'CTM1, I'CTT1) jecy eH3UMHU HEOIXOJIHH 3a IETOKCH-
(duKaIMjy ¥ HBHUXOB HEJIOCTATAK MOXKE YTHLATH Ha TO-
jaBy XpOHM4YHE HH(}IaMaluje U MPOrpecHjy OOJIEeCTH.
Oga cTyauja je uMaia 3a b J1a UCTPAXKH HOBE3aHOCT
m3melhy I'CTM1 u I'CTTI nenenyonux Bapuanta u AIlJ,
Kao ¥ npoduiia Mujerma alkoxolia, ¥ pa3Bojy mMupo3e.
Metoae Ananusza je oOyxpatuna 114 namujenara ca
ALJ u 262 xoutpoie, a myntuiwiekc [IL[P-om cy onpe-
hene nenenpone Bapujante I CTM1 wn I'CTTI.
Pesyararu Pesynratu Cy moka3zanu ga ocobe ca I CTM1
HYJITUM T€HOTHUIIOM WUMajy TPH IyTa moBehiaH pU3nK o1
pasBoja ALJ (95% €T, 1,87—4,81;p< 0,0001), mpu gemy
I'CTT] ByATH TCHOTWUINIOBHM HHUCY. IOKa3aJld 3HadajaH
yTHIA] Ha pa3Boj Oomectr. Ocobe ca’06a HysTa T€HO-
runa [ CTM1/I'CTTI nokazane ¢y 11 myra nmosehan
pmsuk ox ALLJ-(OR = 11,21, 95% CI = 3,30-38,14; p <
0,001). IMauujeHTH KOjU Cy MOYENM Ja KOH3YMHUPAjy
aNIKoX0JI' ca 22,5 wiu BHIIE ToAWHA Opke Cy pa3BWIIN
LUpO3y OJf OHUX KOjU Cy Mouesnu Aa nujy y miahem
y3pacty (p <0,001).

3axsbyuak [ CTMI vyntu u I CTM1/I'CTTI xombuHo-
BaHM HYJITH T€HOTHIIOBH NPENCTaBJbajy 3HauajHe (ak-
Tope pusnka 3a pas3Boj AllJ koa crapujux marujeHata
KOJ] KojuX je yOp3aHa mporpecuja 6onectu 6e3 003upa Ha
HHUBO YHOCA aJKOXOJIa.

Kibyune peun: ankoxonna uuposa jerpe (ALJ); npodun
nujesa ankoxona; I'CTMI u I'CTTI; neneunone BapH-
jaHTe; HYJITH TCHOTUIIOBU

INTRODUCTION

The consumption of alcoholic beverages causes approximately three million global deaths
(5.3%) annually, mostly due to liver failure. Fatalities linked to alcoholic liver disease (ALD)
constitute ~ 21.3%, establishing ALD as one of the primary causes of alcohol-related mortality
[1,2]. ALD encompasses a spectrum of hepatic disorders (alcohol-associated steatosis, steato-

hepatitis, cirrhosis, and hepatocellular carcinoma) associated with prolonged alcohol intake [3].
Alcoholic liver cirrhosis (ALC) is a multifactorial disease influenced by environmental, behav-
ioral, metabolic, and genetic factors. It develops following an extended period of chronic liver
inflammation, usually caused by long-term alcohol intake. The risk of ALC correlates with
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drinking patterns, and its progression increases significantly with consumption exceeding three
drinks/day for men and two for women [4]. However, chronic liver inflammation does not
always progress to cirrhosis, and the effects of alcohol consumption vary among individuals

with equivalent intake levels [3, 6].

Phase II metabolizing enzymes, such as glutathione S-transferases (GSTs), protect cells from
oxidative stress, particuralry from secondary cytotoxic metabolites of reactive oxidative spe-
cies (ROS) [7]. Homozygous deletions of cytosolic GST 6 and p enzymes, encoded by GSTT!
and GSTM1 genes (“null* genotypes), are associated with the absence of these enzymes, in-
creasing susceptibility to ROS, and predisposing hepatocytes to chronic liver inflammation,

tissue damage, and ALC development.

Given the inconsistent findings regarding the association between GSTM 1 and GSTT1 deletion
variants and ALC [8—11], we investigated the association between GSTM [ and GSTTI gene

deletion variants and alcohol consumption patterns and susceptibility to ALC onset.

METHODS
Study participants

114 patients (12 females and 102 males), diagnosed with ALC at the Clinic of Gastroenterology
and Hepatology, University Hospital Medical Center "Zvezdara", Belgrade, Serbia, between
2015 and 2018, were included. ALC is diagnosed in the presence of clinical or biological signs
of liver damage, in individuals consuming more than 20g/day in women (=2 drinks) or 30g/day
in men (=3 drinks) [4].

Liver cirrhosis was diagnosed under standard clinical and laboratory criteria. Comprehensive
blood analyses, including complete blood counts, electrolytes, and biochemical markers for the
diagnosis of ALC in liver functional tests (LFT): alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transpeptidase
(GGT), coagulation status (prothrombin time-PT/international normalized ratio-INR), serum
albumin, and serum bilirubin concentrations were conducted. Radiological imaging confirmed
signs of cirrhosis. Ultrasonography (US) and computed tomography (CT) verified the presence
of a nodular liver surface, splenomegaly, collateral vessels, and ascites, while esophagogastro-
duodenoscopy (EGD) was conducted to screen for esophageal varices. Neuropsychological
testing was performed to detect hepatic encephalopathy (confusion, asterixis, fetor hepaticus).

In several patients, the diagnosis was established through liver biopsy.
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The severity of liver failure was assessed utilizing the LFT through the Child-Pugh (CP) scor-
ing system. Three CP categories were present: A (asymptomatic or compensated cirrhosis, low
mortality risk), B (intermediate disease with moderately impaired hepatic function, decompen-
sated cirrhosis), and C (decompensated cirrhosis, the most severe form with advanced hepatic
dysfunction) [6].

The drinking profile, namely the volume of daily alcohol consumption, duration of regular
drinking, age at which drinking started, and the type of beverage (beer, wine, or spirits), was
quantitatively recorded at the hospital's first visit. Daily alcohol intake (g) was calculated as
the number of standard drinks x10 g. One drink was 100ml of wine (13%), 30ml of spirits
(40%), or 250ml of beer (5%). Alcohol exposure duration was estimated from the self-reported

drinking onset age to cirrhosis diagnosis.

The control group comprised 262 subjects who came for a preventive health check to Zvezdara
University Hospital Medical Center or were blood donors, who self-reported as either abstain-
ers or individuals who consumed < 10 g of alcohol/day with no.evidence of liver disease or

other pathological conditions.

All participants were unrelated and of Serbian origin. Written informed consent was obtained
from all study participants. This study was conducted in accordance with the Declaration of
Helsinki, and the Ethics Committee of the Zvezdara University Hospital Medical Center ap-
proved the study (Approval Reg. No 8-6-2018; from 06-01-2018).

Genotyping

Blood samples of study participants were collected in EDTA-coated vacutainers. Genomic
DNA was extracted using a DNA extraction kit (Gene JET Whole Blood Genomic DNA Puri-
fication Mini Kit; Thermo Scientific, USA) according to the manufacturer's protocol. DNA
was stored at -20°C until further analysis.

The genotyping was done by multiplex polymerase chain reaction (multiplex PCR) for GSTM 1
and GSTT1, with the f-globin gene as an internal control. Multiplex PCR reactions contained
2X Multiplex PCR Master Mix (Qiagen®, Hilden, Germany), 0.5uM of each primer (Meta-
bion, Planegg, Germany) and 0.2pug of genomic DNA [12]. PCR products were separated on
3% agarose gel, stained with GreenSafe (NZYtech, Lisboa, Portugal), and visualized under UV
light. GSTM1 and GSTT1 null genotypes displayed no fragments corresponding to 215bp for
GSTM1 and 480bp for GSTTI, and the 110bp for the control f-globin gene was observed in

every PCR reaction. For validation, 10% of samples were randomly selected and re-genotyped.
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Statistical analysis

The chi-squared test (%*) was used to evaluate differences between groups for categorical var-
iables. Normally distributed continuous variables were analyzed using the independent t-test
and one-way ANOVA, as appropriate, while non-normally distributed variables were analyzed
with the Mann—Whitney or Kruskal-Wallis test. Genotype frequencies were directly counted.
Univariate binary logistic regression assessed the association between different genotypes and
the development of ALC. To determine the relationship between the drinking profile and the
duration of alcohol exposure prior to the diagnosis of cirrhosis, Pearson correlation coefficients
were calculated. Kaplan-Meier curves analyzed the time to decompensation for patients strati-
fied by median age at the start of drinking alcoholic beverages, and compared statistically using
the log-rank test. The commencement of the curves was the self-reported time at the iitiation
of alcohol consumption, and the follow-up time was the duration of alcohol exposure prior to
the diagnosis of cirrhosis. Statistical analysis was performed using the Statistical Package for
the Social Sciences (SPSS version 20.0, SPSS Inc., Chicago, USA) with statistical significance
at P <0.05.

To identify patients at elevated risk of developing ALC, polygenic risk scores (PRSs) based on
two deletion variants were developed. It was calculated using R v.4.3.0, as a function fz(x) =

Z?:l :Blg(xl)
Yizi Bi

gous carriers of GSTM1 and GSTT'! deletions were assigned 1 point for each gene; heterozy-

, where x; represents points assigned to subjects based on deletion status. Homozy-

gous carriers, 0.5; and carriers of wild-type alleles, 0. The effect weights of deletions, 3, were
calculated from a GWA study [10]. For GSTM! (null genotype/deletion), B was 1.308333, and
for GSTT! (null genotype/deletion), f was 0.69. Differences in PRS distribution between con-
trols and ALLC patients were assessed using the nonparametric Wilcoxon rank-sum test for con-
tinuous data, with statistical significance at P < 0.05.

Ethics: The study was approved by the Ethics Committee of the Zvezdara University Hospital
Medical Center (Approval Reg.No 8-6-2018, from 06-01-2018).

RESULTS
Study participants

Nine times fewer females than males were observed (12 vs. 102 in the ALC group and 30 vs.
232 in the control group, respectively, P = 0.736). The mean age of participants in the ALC
and control groups was 58.23 and 58.56 years, respectively (P = 0.794). No statistically
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significant differences were observed between patients with ALC and control subjects regard-

ing age or sex distribution.

At the time of hospital admission, patients in CP class A, exhibiting asymptomatic and com-
pensated cirrhosis, were the least represented (14 patients, 12.3%). In contrast, patients with
decompensated cirrhosis, both with advanced disease (CP class C, 53 patients, 46.5%), and
with CP class B (47 cases, 41.2%) were more prevalent. The median age of onset for alcohol
consumption among the patients with ALC was 22.5 years (19-30 years). On average, alcohol
consumption commenced 34.6 years prior to cirrhosis diagnosis, with a median daily alcohol
intake of 72g (60-91.5g). The majority of patients with ALC consumed spirits (76.3%), fol-
lowed by beer (71%), and 21.1% reported wine consumption. As participants commonly con-

sumed more than one type of beverage, these categories were not mutually exclusive:

Association between GSTM1 and GSTTI deletion variants and onset of ALC

The GSTM1 and GSTT1 genotype frequencies in ALC patients and control subjects are shown
in Table 1. The majority of ALC patients had deleted both GSTMI gene alleles (null genotype),
significantly higher than in control subjects (70.2% vs. 44.3%, P < 0.001). The GSTMI null
genotype was significantly associated with the risk of ALC development (P <0.0001). The risk
of developing cirrhosis was three times higher for the GSTMI null genotype carriers (OR =
3.00, 95% CI = 1.87-4.81) than in carriers of non-null GSTMI genotype. On the contrary, the
GSTTI null genotype was similarly distributed between patients and control subjects (13.2 vs.
13.0%, P = 0.96), with no increased risk of disease onset among GSTT1 null genotype carriers

(OR =1.02;95% CI =0.53-1.96) (Table 1).
Further, patients with ALC were divided into three groups: carriers of GSTM 1 non-null/GSTT1

non-null genotypes (two active genes), carriers of one deleted gene (GSTMI or GSTTI; one
active gene), and carriers of double null genotypes (GSTM 1 null/GSTT1 null; no active genes).
ALC patients with one active gene had twice the risk of developing ALC compared to those
with both active genes (OR = 1.97, 95% CI = 1.22-3.23, P = 0.007). Additionally, the signifi-
cant risk of ALC disease development was associated with ALC patient carriers of combined
GSTTM1 null/GSTTI null genotypes (OR =11.21, 95% CI = 3.30-38.14, P <0.001), showing
an eleven-fold higher risk of disease development compared to carriers of GSTMI non-

null/GSTTI non-null genotypes (Table 1).
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Clinical characteristics and drinking profile of ALC patients according to GSTs geno-
types

Patients with ALC were stratified according to GST null genotypes (GSTM: non-null vs. null;
GSTTI: non-null vs. null; GSTM1/GSTTI: null/null vs. 1 active gene and vs. 2 active genes),
and drinking profiles, and clinical characteristics (CP class, biochemical laboratory test results)
were compared across the groups (Table 2, Table 3). The median age at the onset of at-risk
alcohol consumption was similar in all groups (22—-23 years). The duration of alcohol exposure
was significantly longer among carriers of the GST71 null genotype compared with GS771
non-null carriers (P = 0.006). Patients with an active GSTM gene (non-null genotype) and
carriers of two active genes (GSTM1/GSTT1 non-null/non-null genotype) were associated with
significantly increased daily alcohol consumption compared to patients without GSTM 1 gene
(null genotype) and those with one or two genes deleted (one active gene or null/null geno-
types) (P =0.019 and P = 0.024, respectively). Our results demonstrated that, in tetms of bev-
erage type, carriers of the GSTM 1 non-null genotype consumed beer more frequently than car-

riers of the null genotype (P = 0.029) (Table 2).

The majority of our ALC patients were categorized as CP score class C (45.5%). In this class,
patients with @ GSTT1 non-null genotype-were more frequent than those with a null genotype
(P = 0.049) (Table 3). No significant differences in biochemical laboratory test results were
observed among patients with respect to GSTMI and GSTT1 genotypes in the ALC group (Ta-
ble 2).

No significant correlation was observed between daily alcohol consumption and the duration
of alcohol exposure (Pearson correlation, r = 0.036, p = 0.705). However, a significant negative
correlation was found between the age at initiation of alcohol consumption and the duration of
exposure (r =-0.475, p <0.001).

Patients 22.5 years of age or older when they initiated drinking developed cirrhosis more rap-

idly than younger patients (Log-rank P < 0.001) (Figure 1).

2-variant PRS and risk for ALC development

The risk of developing ALC was assessed using PRS, which accounts for deleterious GSTM 1
and GSTTI1 variants. The distribution of PRSs differed significantly between patients and the
control group. The ALC group showed a rightward shift toward higher PRS values compared
with control subjects, indicating an increased cumulative genetic risk associated with these

deletions. The disparity between the groups was highly significant with p = 2e-05 (Figure 2).
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The GSTM1 null genotype demonstrated a significant association with ALC, conferring a 3-
fold increased risk, whereas the GSTT deletion alone had no effect. The absence of both genes
substantially increased the disease risk. Although no genotype-related biochemical differences
were detected, the GSTTI null genotype was linked to a longer duration of alcohol exposure,
and a later onset of drinking correlated with a more rapid progression to cirrhosis. Furthermore,
the PRS, incorporating GSTM1 and GSTT1 deletion variants, effectively distinguished ALC
patients from controls, indicating the contribution of combined genetic and behavioral factors

to disease risk.

DISCUSSION

Excessive alcohol consumption causes individual mental, behavioral, medical,and social prob-
lems and has a high impact on public health and global economic burden [2, 3, 13].

Our results demonstrated that patients who initiated alcohol consumption later in life pro-
gressed to cirrhosis faster than those who started younger. This_ could reflect a selection bias,
as the prevalence of liver disease increases with age [14]. This is likely due to diminished tissue
regeneration and impaired metabolism in older individuals [15], making the liver more vulner-
able to alcohol-induced injury and fibrosis, ultimately leading to cirrhosis [16]. Some studies
have corroborated that a later onset of alcohol consumption is associated with accelerated dis-

ease development, which aligns with our findings [17, 18].

Chronic liver inflammation followed by diffuse hepatic fibrosis causes cirrhosis and eventually
leads to liver failure [19, 20]. Alcohol metabolism in hepatocytes generates significant ROS,
causing cellular injury and lipid peroxidation, increasing oxidative stress and chronic inflam-
mation, which are crucial for the development of ALC [21]. Glutathione S-transferases (GSTs)
detoxify harmful electrophilic compounds and ROS by conjugation to reduced glutathione
(GSH) [22]. Limited GSH concentrations during stress leave hepatocytes vulnerable to toxic
ethanol metabolites [23, 24]. Individuals lacking one or two GST genes exhibit lower antioxi-
dant capacity against elevated ROS levels than those with both active GST genes [25]. In our
study, carriers of the GSTM1 null genotype exhibited a 3-fold increased risk of ALC develop-
ment, whereas carriers of the double-null genotype (GSTM1 and GSTTI) demonstrated an 11-
fold higher risk. This cumulative effect of low GSH concentrations in hepatocytes and the ab-
sence of GST enzymes likely contributes to chronic liver inflammation, tissue damage, and

cirrhosis. Our results are consistent with the literature data from diverse populations [10, 26]
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and with conditions associated with elevated oxidative stress investigated within the Serbian
population [12, 27].

In our study, GSTTI null genotype carriers consumed alcohol long before developing ALC (~
41 years) compared to carriers of at least one GSTT1 allele (~ 34 years). These findings suggest
that the GSTT null genotype did not affect ALC development. A minority of carriers of dou-
ble-deleted alleles were detected in the group with severe cirrhosis, suggesting that a deficiency
in these enzymes may have fatal consequences for patients classified as CP class C. In our
patients, carriers of the GSTM null genotype had significantly lower daily alcohol consump-
tion was observed. Furthermore, patients with combined null/null genotypes had significantly
lower daily alcohol consumption than patients with one or two active genes. This finding indi-
cates an association between the GSTM null genotype, alone and in combination, and ALC
development, irrespective of the quantity of alcohol consumed. Patients with the null/null com-
bination consumed beer at an almost-significantly lower rate and spirits at an almost-signifi-
cantly higher rate than patients with one or two active genes. These findings may suggest a
predisposition to developing cirrhosis irrespective of the type of beverage and daily alcohol

intake in individuals possessing double-deleted GST genes.

Multiple risk factors and comorbidities caniaccelerate cirrhosis progression. The combination
of null alleles in the GSTM and GSTT1 genes as a risk factor for developing ALC was further
corroborated using PRS calculation. The mean PRS was significantly higher in patients with
ALC compared to control subjects. Our findings suggest that PRS may be an effective tool for
predicting the risk'of developing ALC, as we recently showed in another study [28].

One limitation of this study was the control group selection, comprising individuals without
liver or other pathological conditions who self-reported as abstainers or who consumed < 10 g
of alcohol/day. This limitation can be mitigated by matching alcohol use disorder (AUD) indi-
viduals with patients with similar drinking habits and demographics. Most ALC patients were
diagnosed at an advanced stage of liver disease with decompensation; thus, the diagnosis time
matched the decompensation time. Assessing daily alcohol intake is challenging because it
relies on self-reported data. Patients may be reluctant to report the actual quantities consumed.
ALC develops through interactions between genes involved in alcohol metabolism and oxida-
tive stress and environmental factors. Including factors such as body mass index (BMI), diabe-
tes, drinking habits, and additional genetic markers would help estimate the independence of
GSTs as cirrhosis risk factors. In addition, no other comorbidities were investigated. The results

from this study should be interpreted as those of a single-center study.
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CONCLUSION

Our results demonstrated that GSTM I null and combined GSTM1/GSTTI null genotypes are
significant risk factors for the development of alcoholic liver cirrhosis. In addition, patients
who started alcohol consumption at age > 22.5 years develop cirrhosis significantly faster, re-
gardless of the amount of alcohol consumed. Further research on additional genetic variants
involved in alcohol metabolism, as well as the examination of other risk factors contributing to

the onset and progression of ALC in our patients, should be conducted.
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Table 1. GSTM1 and GSTT1 genotype frequencies in ALC patients and control subjects

Patients S(il(;)l;:}l;(:; Adjusted* Lower Upper
Parameter (1\1;1:(01/"1)4) N (%) odds ratio | 95% CI | 95% CI P
(N=262)
GSTM1
Non-null ("+/+","+/-") 34 (29.8) 146 (55.7) Reference
Null ("-/-") 80 (70.2) 116 (44.3) 3.00 1.87 4.81 <0.001
GSTT1
Non-null ("+/+","+/-") 99 (86.8) 228 (87.0) Reference
Null ("-/-") 15(13.2) 34 (13.0) 1.02 0.53 1.96 0.95
GSTs genotypes with active genes
2 active genes 30 (26.3) 116 (44.3) Reference
1 active gene 73 (64.0) 142 (54.2) 1.97 1.22 3.23 0.007
No active genes 11(9.7) 4(1.5) 11.21 3.30 38:.14 <0.001

Non-null — at least one copy of the gene; null — deletion of both copies of the gene; active gene

— at least one copy of the one gene (GSTMI or GSTT1); GSTMI — glutathione S-transferase
M1; GSTT1 — glutathione S-transferase T1;

*sex- and age-adjusted, logistic regression
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Table 2. Drinking profile of ALC patients according to GSTs genotypes

GSTM1 GSTTI GSTM1/GSTTI
Drinking profile Non—null Null Non—null Null Null/null O“e;lcetwe Tw"e:‘lzgve )
N (34) N (80) P N (99) N (15) p N (11) 1\? 73 1% a0

Initial age of alcohol consump- 22.5 22.5 0.78 22 23 0.970 23 22 22.5 0.967
tion (years) (19-26.5) | (18-30) ' (19-30) (18-26) ' (18-30) (18-30) (19-26.25) :
]()y‘;ztsl)on of alcohol exposure 352+105 | 343+98 | 063 | 33.6+98 | 41.1+87 | 0.006° | 40.7+78 33.8+ 10 344+102 | 0.093

. . 82.5 68.5 R 72 60 60 72 95 .
Daily alcohol consumption (g) (60-114) (50-83) 0.019 (60-90) (48-96) 0.664 (48-100) (51.5-80) (60-115.5) 0.024

The data are expressed as the means + standard deviations, or medians (25th—75th percentile) unless otherwise noted; active gene — the presence

of at least one copy of the one gene (GSTM1 or GSTT1); GSTM1 — glutathione S-transferase’M1; GSTT1 — glutathione S-transferase T1;

aStudent’s t-test
®Mann-Whitney U test;
“Kruskal-Wallis test
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Table 3. Clinical characteristics and drinking profile of alcoholic liver cirrhosis patients according to glutathione S-transferases (GSTs) genotypes

GSTM1 GSTTI GSTM1/GSTTI
Profile/Characteristics Non-null Null Non-null Null P Null/Null | one active gene | two active genes
N34 N (80) P N (99) N @15 N @11 N (73) N (30) P

Drinking profile

beer N (%) | 29 (85.3) | 52 (65) 0.029¢ | 72 (72.7) | 9 (60) 0311 | 5(45.5) 51 (69.9) 25(83.3) 0.056
Type of beverage | wine N (%) | 7(20.6) | 17(21.3) | 0.937 | 20(20.2) | 4(26.7) | 0.516 | 3(27.3) 15 (20.5) 6 (20.0) 0.866

spirits N (%) | 27 (79.4) | 60 (75) 0.612 | 74(74.7) | 13 (86.7) | 0.312 | 11 (100) 51(69.9) 25(83.3) 0.052
Clinical characteristics

A, N (%) 3(8.8) 11(13.7) 1 0.549 | 10(10.1) | 4(26.7) | 0.088 | 4 (36.4) 7(9.6) 310 0.038¢
CP class B, N (%) 17 (50) 30(37.5) | 0.215 [ 39(39.4) | 8(53.3) | 0307 |5(454) 28 (38.4) 14 (46.7) 0.706

C,N (%) 14 (41.2) | 39 (48.8) | 0.458 | 50(50.5) | 3 (20) 0.049¢ | 2 (18.2) 38 (52) 13 (43.3) 0.102

The data are expressed as the means + standard deviations, or medians (25th—75th percentile) unless otherwise noted; active gene refers to the
presence of at least one copy of the one gene (GSTM1 or GSTT1I);

GSTM1 — glutathione S-transferase M1; GSTT1 — glutathione S-transferase T1; CP — Child—Pugh;

aStudent’s t-test:

®Mann-Whitney U test;

“Kruskal-Wallis test;

dy? test
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Figure 1. Kaplan—Meier analysis shows that patients who began drinking at <22.5 years (solid
line) developed first cirrhosis decompensation significantly later than those who started after
22.5 years.(dashed line) (log-rank p = 0.001); censored cases included nine and five patients,

respectively, without-decompensation
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