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	 Background:	 Alcohol use disorders affect 10% of the European population. Alcohol-related liver disease (ALD) is the most 
common indication for liver transplantation in Slovakia. The aim of this study was to determine the proportion 
of patients with ALD who received a liver transplant who had alcohol relapsed, and the risk factors for alcohol 
relapse, as well as to compare clinical outcomes according to relapse.

	 Material/Methods:	 A retrospective study of consecutive patients with ALD, who underwent liver transplantation in a single trans-
plant center between May 2008 and December 2017. We included adult patients who received a liver transplant 
due to ALD and excluded those who died <1 month after liver transplantation. We recorded demographic and 
clinical characteristics, graft injury, and overall mortality and compared them between relapsers and abstainers.

	 Results:	 During the study period, we reviewed 196 cases of liver transplantation in 191 patients. We excluded 87 pa-
tients for non-ALD etiology and 15 patients by predefined criteria. The final analysis was carried out in 89 pa-
tients, mean aged 55 years; 24.7% were female. We diagnosed relapse in 23 patients (26%) with harmful drink-
ing in 52% and occasional drinking in 48% of relapsers. The independent risk factors associated with relapse 
were: smoking (OR=5.92, P=0.006), loss of social status (OR=7.61, P=0.002), and time after liver transplantation 
(OR=1.0008, P=0.015). Graft injury was more frequent in relapsers with 2 independent risk factors: occasional 
drinking (OR=12.7, P=0.0005), and harmful drinking (OR=36.6, P<0.0001); overall survival was unaffected.

	 Conclusions:	 We found relapse to alcohol drinking in 26% of patients who received a liver transplant for ALD. Risk factors 
associated with alcohol drinking relapse were time, cigarette smoking, and loss of social status. Graft injury 
was more frequent in relapsers, but mortality was similar between relapsers and non-relapsers.
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Background

Behavioral and mental disorders related to alcohol addiction, 
called alcohol use disorders, affect 10% of European popula-
tion; one of the consequences of alcohol use disorders is al-
coholic liver disease (ALD) that may lead to cirrhosis and is 
the most common indication for liver transplantation (LTx) 
in Slovakia [1–3]. Slovakia ranks fourth in Europe for mortal-
ity rate from liver cirrhosis, with ALD being the most preva-
lent cause [4]. According to the 2018 Global Report on Alcohol 
and Health, consumption of pure alcohol per capita per year 
in Slovakia exceeds 11 L (almost double the average of 6.4 L). 
There are no officially accepted governmental policies to com-
bat alcohol use disorders. Despite conflicting evidence behind 
the “6-months rule”, Slovak patients with a chronic form of 
ALD would only be eligible for LTx after at least 6 months of 
abstinence from alcohol consumption documented by the ad-
dictologist [5–7].

The management of patients referred with decompensated 
chronic liver disease for consideration of LTx to our center 
followed standard protocol. We attempt to confirm the etiol-
ogy and stability of the decompensated state of the liver by 
the usual spectrum of evaluations: from history taking to he-
patic venous pressure gradient and (transjugular) liver biopsy. 
We attempt to determine if the patient is critical with the di-
agnosis of ALD. Then we review the data related to the pa-
tient’s existing abstinence interval and refer the patient to a 
dedicated addictologist. This expert directly cooperates with 
our transplant center, and his or her task is to confirm eti-
ology, sobriety, duration of abstinence interval of at least 6 
months, and outlook concerning the long-term adherence to 
abstinence. The only exception is severe acute alcoholic hep-
atitis not responding to standard treatment in patients fulfill-
ing the criteria of the Lille protocol.

The precise proportion of patients with alcohol use relapse af-
ter LTx (a form of alcohol use disorders) is not known; how-
ever, according to the literature, the prevalence ranges from 
7% to 95% [5,8–10]. One of the reasons for this wide varia-
tion lies in differing definitions of the term “recurrence” and 
“relapse.” Post-LTx alcohol use relapse may lead to numer-
ous consequences, such as liver graft injury (prevalence up to 
17%) [11], liver graft loss (up to 32%) [12], and reduced 10-
year survival (45% versus 85% in non-relapsers) [11]. The most 
common alcohol consumption patterns following LTx are occa-
sional drinking (alcohol slip-ups), i.e., consumption of a limited 
amount of alcohol, followed by re-established abstinence, and 
harmful drinking, i.e., consumption of 4 or more drinks per 
day, or drinking for 4 or more successive days (Table 1) [13].

Risk factors for alcohol use relapse are not well established. 
The most commonly cited risk factors in the literature are 

(younger) age, cigarette smoking, mental disorders, non-compli-
ance with regular follow-up, loss of social status (e.g., divorce, 
bereavement), and unemployment [14]. Our patients are rou-
tinely followed according to their clinical status and usually, 
if stable, on a 3-month follow-up schedule.

In this study, we aimed to determine the proportion of ALD 
patients who received a transplant who relapsed to alcohol 
drinking after LTx, and the risk factors for alcohol use relapse. 
We also compared clinical outcomes according to the pres-
ence or absence of alcohol use relapse.

Material and Methods

In this retrospective, single-center study we analyzed the data 
in consecutive patients who received a liver transplant for 
the chronic form of ALD during the interval from May 2008 to 
December 2017. We excluded patients who died during the first 
month after LTx and patients younger than 18 years of age.

We analyzed the following demographic and clinical variables: 
age, sex, model for end-stage liver disease (MELD), Child-Pugh 
score, ascites (grade 1, mild: detected by imaging; grade 2, 
moderate: physician’s objective assessment, 3, large or gross: 
marked by abdominal distention), hepatic encephalopathy, 
and survival/mortality. We diagnosed alcohol use relapse 
based on the clinical suspicion accompanied by the presence 
of at least 2 of the following criteria. 1) The patient admitted 
that he or she drinks alcohol on history taking by the physi-
cian. 2) The source of this information was the patient’s fam-
ily member or other surrogate living with the patient in the 
household. 3) Laboratory abnormalities raised the suspicion 
of alcohol use relapse. We considered suspicious the presence 
of at least 2 of the following: if the ratio of aspartate amino-
transferase (AST) to alanine aminotransferase (ALT) levels was 
higher than 1; the gamma-glutamyltransferase (GMT) level 
was above the upper limit of normal (ULN); mean corpuscu-
lar volume of erythrocytes (MCV) was above the ULN. A pos-
itive blood alcohol test alone sufficed for diagnosing alcohol 
relapse [15]. We divided the pattern of alcohol use relapse to 

Definition

Harmful (addictive) drinking Consumption of four or more 
drinks in a day or for 4 or 
more days in succession

Occasional drinking (slip-up) Consumption of a limited 
amount of alcohol, followed 
by re-established abstinence

Table 1. �Patterns of relapse to alcohol drinking after liver 
transplantation [13].
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occasional and harmful drinking according to the literature [13] 
(Table 1). We chose from the literature risk factors of alcohol 
use relapse which we would also be able to extract from the 
files of our patients: age, cigarette smoking, mental disorders, 
non-compliance with regular follow-up, loss of social status 
(e.g., divorce, bereavement), and unemployment.

We defined liver graft injury as a new onset of elevations above 
ULN of AST, ALT, GMT, or bilirubin which was then found on at 
least 1 more measurement 3 months apart. We also recorded 
liver graft failure and overall mortality.

For statistical analysis, we used legally obtained software 
MedCalc v.17 (Ostende, Belgium). We present the results of 
continuous variables as medians and the interquartile ranges 
results for proportions as numbers of cases and percentages. 
Comparison of continuous variables was carried out using the 
Mann-Whitney test, and the chi-square test was used to com-
pare proportions. To identify factors independently associated 
with graft injury, all parameters statistically appearing to be 
associated (i.e., P<0.12) were entered into a backward multi-
variate logistic regression. We compared overall survival be-
tween the patients with and without alcohol use relapse with 
Kaplan-Meier survival curves. We defined statistical signifi-
cance by the probability of null-hypothesis inferior to 0.05.

All participants signed the informed consent before liver LTx 
and agreed with a data publication.

Ethical approval

All procedures involving human participants were approved ac-
cording to the ethical standards of the institutional research 
committee, including the 1964 Helsinki Declaration and its 

later amendments or comparable ethical standards. The re-
ported clinical and research activities were consistent with 
the Principles of the Declaration of Istanbul as outlined in the 
Declaration of Istanbul on Organ Trafficking and Transplant 
Tourism.

Results

From the 196 LTx in 191 patients performed during the obser-
vation period of 115 months, 87 patients (45.5%) underwent 
LTx due to non-alcohol use disorders etiology and we excluded 
15 patients by the predefined criteria of death during the first 
month post LTx. Our final cohort included 89 out of 191 pa-
tients (46.6%) for the final analysis (Figure 1). Patients trans-
planted due to ALD had a mean age of 55.35 years (IQR 48.79 
to 59.87), and 24.7% were female. The mean MELD score was 
16.0 points (IQR 13.79 to 19.00 points), and the mean Child-
Pugh score was 10.0 points (IQR 9 to 11 points). Summary sta-
tistics and study group characteristics are displayed in Table 2.

We observed alcohol use relapse in 23 out of 89 patients (26%) 
transplanted for ALD. We did not find any post-transplanta-
tion alcohol use in the 153 patients transplanted for non-ALD 
liver disease (P=0.0001). In 12 patients (52%) the pattern of 
alcohol use relapse was harmful drinking, and in 11 patients 
(48%) it was occasional drinking (P=non significance), (Figure 1).

In order to determine possible risk factors in our cohort, we 
compared the risk factor prevalence between relapsers and 
non-relapsers (Table 3). Patients who relapsed to alcohol use 
were non-significantly younger (52.57 [AR 37.6] versus 56.15 
[AR 47.57], P=0.11), more often smoked cigarettes (13 [56.52%] 
versus 9 [13.64%], P=0.0001), have lost their social status by di-
vorce or bereavement (13 [56.5%] versus 7 [10.6%], P<0.0001), 
and were non-compliant with regular appointments (9 [39.1%] 
versus 2 [3%], P<0.0001). In contrast, we did not observe dif-
ferences between relapsers and non-relapsers concerning sex, 
unemployment, premature retirement due to invalidity (IP), or 
the age-related retirement (OAP). Included study patients had 
no documented mental disorders.

We observed graft injury in 17 patients (73.9%) with alcohol 
use relapse as compared to 8 patients (12.1%) without re-
lapse (P<0.0001).

In the search for possible risk factors associated with liver graft 
injury in patients with alcohol use relapse we used univariate 
analysis and identified the following risk factors: younger age, 
harmful pattern of drinking, cigarette smoking, loss of social 
status, and non-compliance with regular appointments (Table 4).

LTx cases (N=196)
LTx pts (N=191)

LTx due to ALD
(N=89)

LTx due to
non-ALD (N=87)

Exclusion
criteria (N=15)

Relapse
N=23 (26%)

No relapse
N=66 (74%)

Harmful drinking
N=12 (52%)

Occasional drinking
N=11 (48%)

Figure 1. Flowchart: Alcohol use relapse rates after LTx.
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n=89
Median/%

25–75 percentile

Age at liver transplantation 55.35 48.79 to 59.87

Sex (% females) 24.70

Blood group A (%) 51.70

Blood group B (%) 18.00

Blood group AB (%) 13.50

Blood group 0 (%) 16.90

Child_Pugh_score 10.00 9.00 to 11.00

MELD_score 16.00 13.79 to 19.00

INR 1.55 1.37 to 1.66

Serum creatinine 77.00 62.50 to 95.50

Serum albumin 30.00 26.25 to 34.75

Serum bilirubin 53.50 38.50 to 86.50

Ascites_stage (Gr. 1–3) 2.00 2.00 to 3.00

Hepatic encephalopathy stage (Gr. 1–3) 1.00 1.00 to 2.00

BMI before liver transplantation 27.00 24.00 to 30.00

Duration_hospital_stay 26.00 20.00 to 37.00

Days_survived (from LTx to end of study period) 1586.00 591.25 to 2621.25

Alcohol relapse (%) 25.80

Relapse_harmul drinking (%) 13.50

Relapse_occasional_drinking (%) 12.40

Relapse_admitted_by_patient (%) 60.90

Relapse_reported_by relative (%) 17.40

Relapse_dg_by_labs (%) 17.40

Relapse_dg._blood_alcohol (%) 4.35

Mental disorders (%) 1.12

6_months_rule followed (%) 100.00

Cigarette smoking (%) 24.70

Graft_injury (%) 28.10

Loss of social status (divorce. loss_of_partner. single) (%) 22.50

Compliance_with_controls (%) 87.60

Employed_post_Tx (%) 22.50

Unemployed_post_Tx (%) 2.25

Invalidity_post_Tx (%) 48.30

Retirement_post_Tx (%) 27.00

Table 2. Summary statistics and characteristics of 89 patients who underwent liver transplantation for ALD.
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Variable
No alcohol use relapse

n=66
Median/% AR

Alcohol use relapse
n=23

Median/% AR
P*

Age at liver transplantation 56.15/47.57 52.57/37.60 0.1111

Sex (% Females) 25.76 21.74 0.7072

Hospital stay (days) 25.00/44.77 26.00/45.65 0.8882

Days survived (from LTx to end of study period) 1228.0/39.46 2595.0/60.86 0.0006

Death post-Ltx (%) 4.55 8.70 0.4969

Mental disorders (%) 0.00 4.35 0.2284

6 months rule before LTx (%) 100.00 100.00 1.0000

Smoking (%) 13.64 56.52 0.0001

Graft injury (%) 12.12 73.91 <0.0001

Loss of social status (divorce loss of part  single) (%) 10.61 56.52 <0.0001

Compliance with controls (%) 96.97 60.87 <0.0001

Employed post Tx (%) 22.73 21.74 0.9241

Unemployed post Tx%) 1.52 4.35 0.5193

Invalidity post Tx(%) 45.45 56.52 0.3683

Table 3. Characteristics and risk factors for alcohol use relapse among 89 patients who underwent liver transplantation for ALD.

* Mann-Whitney test, AR – average rank.

Variable
No graft_injury

n=64
Median/% AR

Graft_injury
n=25

Median/% AR
P*

Age at liver transplantation 56.15/48.42 51.95/36.24 0.0456

Sex (% Females) 26.56 20.00 0.5288

Hospital stay (days) 25.00/43.53 27.00/48.76 0.3906

Days survived (from LTx to end of study period) 1270.0/41.34 1910.0/54.36 0.0327

Death post Ltx (%) 3.13 12.00 0.1358

Alcohol use relapse (%) 9.38 68.00 <0.0001

Harmful drinking (%) 3.13 40.00 <0.0001

Occasional drinking(%) 6.25 28.00 0.0073

Mental disorders (%) 0.00 4.00 0.2552

6 months rule prior to LTx (%) 100.00 100.00 1.0000

Cigarette smoking (%) 15.63 48.00 0.0019

Loss of socialstatus (divorce loss of part single) (%) 14.06 44.00 0.003

Compliance with controls (%) 95.31 68.00 0.0008

Employed post Tx (%) 21.88 24.00 0.8334

Unemployed post Tx (%) 1.56 4.00 0.5691

Invalidity post Tx (%) 45.31 56.00 0.3724

Table 4. Characteristics and risk factors for liver graft injury among 89 patients who underwent liver transplantation for ALD.

* Mann-Whitney test, AR – average rank.
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In the multivariate logistic model displayed in Table 5A, we 
revealed 3 independent risk factors for alcohol relapse: days 
post liver transplantation (OR=1.0008; 95%CI 1.0001–1.0014, 
P=0.015), cigarette smoking (OR=5.92, 95%CI 1.6665–21.0308; 
P=0.006) and loss of social status (OR=7.61; 95%CI 2.0859–
27.7745, P=0.0021).

In the multivariate logistic model displayed in Table 5B, we 
revealed 2 independent risk factors of liver graft injury: occa-
sional drinking (OR=12.69, 95%CI 3.025–53.22, P=0.0005), and 
harmful drinking (OR=36.25, 95%CI 6.69–196.18, P<0.0001).

We did not find a significant difference in mortality during fol-
low-up between patients with or without alcohol use relapse: 
2 patients (9%) versus 3 patients (5%), P=0.83.

Comparison of overall survival between patients with and 
without alcohol use relapse is displayed in Figure 2. Kaplan-
Meier survival curves revealed no difference in overall survival 
according to alcohol use relapse after LTx for ALD patients 
(P=0.93), (Figure 2).

Discussion

The most important finding of this single-center retrospective 
study covering 10 years of our LTx program was the alcohol 
use relapse rate of 26% seen in patients transplanted for ALD. 
This rate compares well with other studies [5,8–10,16]. However, 
some studies found alcohol use also in patients transplanted 
for other indications than ALD. This finding might be explained 

A. Alcohol use relapse Odds ratio 95% CI P

Days post liver transplantation 1.0008 1.0001–1.0014 0.015

Cigarette smoking 5.9201 1.6665–21.0308 0.006

Loss of social status (divorce, loss of partner, single) 7.6115 2.0859–27.7745 0.0021

B. Liver graft injury Odds ratio 95% CI P

Relapse of occasional drinking 12.69 3.025–53.22 0.0005

Relapse of harmful drinking 36.25 6.69–196.18 <0.0001

Table 5. �Multivariate logistic regression model for independent predictors of alcohol relapse (A) and liver graft injury (B) among 89 
patients after liver transplantation for ALD.

Cox & Snell R2=0.3195, significance liver: P<0.0001, AUROC=0.857 (0.767–0.922), 82.02% correctly classfied. Variables entered: days 
survived, cigarette smoking, loss of social status, compliance with controls and age. Variables excluded: compliance with controls, age.

Cox & Snell R2=0.299, significance liver: P<0.0001, AUROC=0.801 (0.703–0.878), 84.27% correctly classfied. Variables entered: days 
survived, cigarette smoking, loss of social status, compliance with controls, relapse of occasional drinking, relapse of harmful drinking. 
Variables excluded: days survived, smoking, loss of social status, compliance with controls.

Survival of pts according to the alcohol use relapse post LTx for ALD (p=0.9302)

Time
Number at risk
Group: absent
Group: confirmed

Alcohol use relapse
Absent
Confirmed

0 365 730 1095 1460 1825 2190 2555 2920 3285 3650 4015
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Figure 2. �Overall survival of patients according 
to the alcohol use relapse following 
the liver transplantation for ALD.
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by the different inclinations of the ALD and non-ALD cohorts to 
drink, as was shown in the study by Abosh et al. that only 2% of 
patients who received a liver transplant for non-ALD drank al-
cohol after LTx [17]. However, we cannot exclude the possibility 
that our methodology caused the differences found, as we fo-
cused primarily on patients transplanted for ALD. The relatively 
high prevalence of alcohol use relapse in our cohort among other 
things adds to the arguments against the clinical usefulness of 
the 6-month rule [5,6,18,19]. We have adopted this rule for 2 
historical reasons: as a part of the protocol from our mentoring 
institution and because it harmonized with the atmosphere in 
the professional and lay community at that time. In light of our 
results, however, we will have to reconsider. The most proba-
ble next step will be to scrutinize the feasibility in this context 
of the Lille model approach which we already adopted for the 
patients with acute alcoholic hepatitis [20].

The impact of alcohol use relapse on liver graft injury over 
time (73.9% versus 12.1%, P<0.0001) concurs with the avail-
able data [21], but the non-significant impact on mortality does 
not. According to available literature, the 1-year survival rate 
in patients after LTx due to ALD is at least as good as in other 
etiologies and reaches 93% [1,22–24]. However, with the al-
cohol use relapse, especially to harmful drinking, the mortality 
rate increases [25,26]. This discrepancy might be explained by 
a rather small number of patients and relatively short median 
follow-up time [11,12] as was the case in our study The me-
dian time (in days from LTx) at which we determined the al-
cohol use relapse was longer in patients with relapse as com-
pared to patients without relapse (1228.0 days versus 2595.0 
days, P=0,0006); in fact, the time from LTx was an indepen-
dent predictor of alcohol relapse. The design of our study al-
lowed us to evaluate only the cumulative rate of alcohol re-
lapse, but not the temporal trends in more detail. However, 
patients that relapsed had a median time post LTx of over 7 
years, which might suggest that the follow-up program of psy-
chological and social support should be long-term, possibly in-
definite. The evolution of liver graft injury over time has been 
addressed in several studies [15,27,28].

Of potential risk factors for alcohol relapse listed in the litera-
ture [5,23,25], several associations also appeared in our study: 
cigarette smoking, loss of social status, and non-adherence 
with regular follow-up All of these risk factors will be used at 

our center immediately as warning signals and we will imple-
ment them into the daily clinical practice. Also, we will address 
them in a prospective study. These risk factors could serve as 
a risk-stratification measure helping us to provide patients at 
risk with more intensive management by the addictology ex-
perts and social support team [18,25,29-34]. Several studies 
have suggested that younger age and female sex is related 
to increased alcohol relapse rates [18,21,32,35]. Our patients 
with alcohol use relapse were almost 3.5 years younger, but 
the difference was not statistically significant. Although other 
studies have found the opposite results [5,6,25], we consider 
younger age, especially in connection with other risk factors, 
as a reason for increased attention and focused care. Although 
unemployment could be a significant risk factor for alcohol 
use relapse [6,7,10,18], we were not able to analyze it as such.

Limitations of our study were the retrospective design, the sin-
gle-center setting, and the relatively low number of patients. 
However, a single-center report provides results with unified 
selection criteria for LTx and unified diagnostic and manage-
ment protocols. The obvious limitations of our study were the 
lack of liver biopsies in all patients with alcohol use relapse 
and the inability to determine the exact time of first relapse.

To the best of our knowledge, this is the first study of its kind 
in Slovakia, and the second in the published literature from 
the Central European region [35].

Conclusions

We documented alcohol use relapse in 26% of patients trans-
planted for ALD; this relatively high rate was comparable with 
data from the literature. We identified several risk factors as-
sociated with alcohol use relapse: cigarette smoking, loss of 
social status, and non-compliance with regular follow-ups. We 
will use these risk factors as a trigger for intervention in our 
center. In our study, alcohol use relapse was associated with 
liver graft injury but not with mortality, probably due to the 
limited follow-up time and sample size of our study. These 
study findings allow us to move forward in methods for data 
collection, risk stratification of waitlisted patients with ALD, 
as well as with a more intensive and directed post-transplan-
tation psychological and social support.
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