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	 Background:	 Monitoring sobriety is mandatory for liver transplant (LT) candidates with alcohol-related cirrhosis in Germany. 
Prior to listing, abstinence of 6 months is required. However, little is known about biomarker performance in 
alcohol-related cirrhosis. Routine testing of ethyl glucuronide in urine (uEtG) or hair (hEtG) is prone to manip-
ulation or is unfeasible in anuria. Phosphatidylethanol (PEth) in dried-blood spots is a promising alternative. 
We compared PEth with routine parameters and self-reports in alcohol-related and non-alcohol-related cirrho-
sis at our transplant center.

	 Material/Methods:	 All patients received self-report questionnaires (AUDIT & TLFB). Blood, urine and hair samples, as well as PEth 
dried-blood spots were drawn at baseline. In addition, survival analyses were conducted.

	 Results:	 Out of 66 patients, 53 were listed for LT and 13 were candidates not listed so far. An alcohol-use disorder was 
found in 25 patients. Positive results for uEtG, hEtG, and PEth were found in 5/65, 9/65, and 34/66 cases, re-
spectively. PEth positivity was found in 52% of patients with alcohol-related cirrhosis, while 53% of patients 
with other liver diseases were positive. While uEtG, hEtG, and TLFB correlated with higher PEth values, active 
waiting list status was significantly correlated with negative PEth values. During the mean follow-up of 41.15 
months, 23 patients were transplanted (34.9%). None of the biomarkers significantly predicted survival.

	 Conclusions:	 PEth can importantly assist abstinence monitoring in LT candidates due to its high validity and objectivity. The 
high percentage of patients with alcohol consumption in the non-alcoholic liver disease cohort underscores 
the importance of testing all transplant candidates.
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Background

Liver Transplantation in Alcohol-Related Liver Disease

Alcohol-related liver disease accounted for the majority of liv-
er transplantations (LT) in Germany in 2019 [1]. Alcoholic ste-
atohepatitis (ASH) induces fibrosis and can progress to liver 
cirrhosis, while alcohol abstinence can improve ASH with re-
gressive fibrosis. In end-stage cirrhosis, LT is a well-established 
and valuable procedure [2], but relapse into drinking can lim-
it graft survival [3]. Also, the donor organ shortage limits the 
access to a graft. Therefore, the gap between need and de-
mand requires allocation rules, transparency, and fairness [4].

Alcohol-related cirrhosis has been intensively debated as an el-
igible indication over the last 30 years. The conflict of accept-
ing these patients for LT was concordantly solved by the in-
troduction of the 6-month rule [5]. This rule has 2 intentions. 
First, it enables identification of candidates that recover un-
der sobriety. Second, it allows proof of compliance and med-
ical adherence prior to LT and is a selection tool for candida-
cy [6]. Of note, recently, similar relapse rates among patients 
undergoing early LT with sobriety less than 6 months versus 
standard LT with ALD were demonstrated [7]. Taking all that 
into account, proper abstinence monitoring has become para-
mount among LT evaluation procedures. While questionnaires 
and self-reports are always valuable in such undertakings, they 
yield relevant bias that might be overcome by biological mark-
ers of alcohol consumption [8,9].

Monitoring Sobriety

Routinely performed laboratory tests are available for determi-
nation of alcohol consumption. Indirect markers such as gam-
ma-glutamyl-transpeptidase (µGT), mean corpuscular volume 
(MCV), and carbohydrate-deficient transferrin (CDT) are well 
known to have limitations in various settings. Direct ethanol 
metabolites are important as they are biomarkers with high 
sensitivity and specificity. Most frequently, ethyl glucuronide 
(EtG), phosphatidylethanol (PEth), and, to a lesser extent, ethyl 
sulfate (EtS), are used in various settings [10]. EtG and EtS are 
metabolites of ethanol. Depending on the amount of alcohol 
consumed and time after consumption, EtG is still detectable 
in the body after completion of alcohol elimination [11-13], 
but its detection is limited to 130 h after ethanol intake [14]. 
Although EtG concentration in urine (uEtG) is regularly deter-
mined [15], its detection can be hindered by oligo-anuria in 
advanced liver failure [16]. The criterion standard is hairEtG 
(hEtG) [17], which has been proposed to be highly specific 
and useful for the monitoring of alcohol use before LT [18]. 
However, hair and urine probes can be influenced by various 
factors and can be subject to manipulation [19-21].

A promising alternative is PEth. The precursors are naturally 
prevalent phosphatidylcholine homologues – PEth16: 0/18: 1 
and 16: 0/18: 2 – which are the most prevalent ones in hu-
man blood [22]. PEth is formed after ingestion of alcohol and 
can be detected up to 12 days after a single drinking event 
[23]. PEth has been employed in numerous settings [24], in-
cluding LT [24-26] and is recommended in various contexts in 
the 2020 German evidence- and consensus-based S3 guide-
line on alcohol [27]. Furthermore, it is reported to have high-
er sensitivity compared to uETG and EtS [28].

Alcohol Testing in Non-Alcohol-Related Liver Disease

However, some concerns remain in the current literature. First, 
head-to-head comparisons among direct alcohol biomarkers 
remain scarce in transplant candidate studies. For example, 
only 2 previous studies, with limited sample size, have di-
rectly compared PEth to EtG in transplant candidates [24,26]. 
Therefore, new studies are needed to identify the analytic abil-
ity of diverse direct alcohol biomarkers. Second, while alco-
hol-related liver disease (ALD) has historically accounted for 
the majority (up to 30%) of LT worldwide [29], nowadays, the 
spectrum of LT indications is broad and includes progressive 
and irreversible acute or chronic liver diseases or genetic dis-
eases that are life-threatening or extremely limiting quality of 
life and can be cured by LT. For example, estimates in the US 
suggest NASH (non-alcoholic steatohepatitis) has become the 
second leading cause of LT, surpassing ALD, accounting for 13% 
of the total transplantations [30]. European reports describe 
a similar increase over the last years [31]. Therefore, more in-
formation is needed regarding diagnostic performance of al-
cohol biomarkers in these populations. While alcohol absti-
nence is not mandatory in many guidelines for patients with 
non-alcohol-related cirrhosis awaiting LT, we believe alcohol 
monitoring with direct alcohol biomarkers could provide sig-
nificant information all through the peri-transplantation pro-
cedures. Two reasons for this can be argued. First, alcohol use 
might have gone undetected, and second, similar to alcohol-
related cirrhosis, significant and lasting life-style changes must 
be achieved to avoid disease recurrence and graft loss. In that 
sense, alcohol biomarkers could also be considered as indict-
ors of such endeavors.

In this study we analyzed the diagnostic performance of PEth 
in the evaluation of candidates awaiting LT and compared the 
results with uETG, hETG, modified time line follow back (TLFB) 
questionnaire [32], and the Alcohol Use Disorders Identification 
Test (AUDIT) [33]. The 2 methods are recommended by various 
international guidelines, such as the Australian, the NHS, and 
the German guideline on alcohol use disorders [34]. We fur-
ther compared the results between alcohol-related and non-
alcohol-related candidates.
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Material and Methods

This was an open, single-center study. Consecutive patients 
treated at our university medical center were included. All pa-
tients signed the written informed consent prior to participa-
tion. Of the included patients, the previous clinical history in 
our transplant department was recorded. Patient data were 
anonymously analyzed. Patients were seen during regular vis-
its in the outpatient clinic. The exclusion criterion was age <18 
years. Each patient received the AUDIT and TLFB questionnaire. 
Blood, urine, and hair probes were extracted for monitoring 
of alcohol consumption. Follow-up data were obtained when 
available from medical records. Psychiatric evaluation of al-
cohol addiction prior to listing as well as the assessment of 
alcohol relapse was performed by mental health specialists. 
The suitability for liver transplantation has been generally as-
sessed. A detailed addiction history was taken. Another focus 
of the psychiatric examination was on adherence. As request-
ed by the German Medical Association, abstinence control is 
performed by routinely performed uEtG testing with a cut-off 
value 0.5 mg/L during the time on the waiting list. Positive 
uEtG test results lead to waiting list withdrawals. The study 
was approved by the local ethics committee (D437/15). For 
this purpose, the form of the informed consent was submit-
ted to the institutional review board.

Determination of EtG in Hair (hEtG)

The technique utilized for extraction of the hair specimen has 
been demonstrated before [35]. Briefly, OASIS Max Columns 
(Waters S.A.S., Saint-Quentin, France) was used for phase ex-
traction, after the hair probes were cleaned with water, ac-
etone, pulverization, and incubation for 2 h in an ultrasonic 
bath. Probes were derivatized with heptafluorobutyric. In neg-
ative chemical ionization, anhydride analysis was conducted 
by the use of GC-MS/MS. Documented ion changeovers were 
m/z 596/213 (quantifier) and 397/213 (qualifier) for EtG, and 
m/z 601/213 for EtG-D5. The detection limit (LOD) was 0.05 
pg/mg hair and the lower limit of quantification (LLOQ) was 
set at 0.2 pg/mg hair [36]. EtG and EtS were analyzed accord-
ing to a published LC-MS/MS procedure using the QTrap 3200 
LC-MS/MS system [37].

Determination of Phosphatidylethanol (PEth) in Dried 
Blood Spots (DBS) Prepared from Venous Blood

Analyses of PEth 16: 0/18: 1 and PEth 16: 0/18: 2 were con-
ducted in DBS. Internal standards were D5-PEth 16: 0/18: 1 and 
D5-PEth 16: 0/18: 2. Deuterated standards were established 
at our research center from phosphatidylcholine 16: 0/18: 1 
and phosphatidylcholine 16: 0/18: 2 and D6-ethanol metab-
olized by phospholipase D as previously described [23]. DBS 
were prepared as follows: 20 μL of whole blood were placed 

on filter cards (GR2261004, PKI 226 Bioanalysis Card, Perkin 
Elmer, Rodgau, Germany) and dehydrated for at least 3 h. Then, 
PEth was separated from DBS using 0.5 mL methanol for 10 
min. The supernatant was moved to a vial and evaporated to 
dryness in a 50°C current of nitrogen. The extract was resus-
pended in 0.2 mL mobile phase A (10 mM ammonium ace-
tate/ 30: 70 v/v acetonitrile). Next, 80 μL eluate were insert-
ed in the online-SPE-LC-MS/MS appliance.

We modified an earlier-described PEth analysis technique vali-
dated for whole blood samples [23] for the use of DBS by stan-
dardization at 20-2000 ng/mL with a QTrap 3200 tandem mass 
spectrometer, which includes a turbo ionspray source (Sciex, 
Toronto, Canada). The limit of quantitation (LoQ) for PEth 16: 
0/18: 1 and PEth 16: 0/18: 2 was 20 ng/mL. Probes were trapped 
by using a Synergi Polar-RP column (20×2 mm, 5 μm). Then, 
the 2 probes in the eluate were divided with a Luna RP-C5 col-
umn (50×2 mm, 5 μm; Phenomenex, Brechbühler, Schlieren, 
Switzerland) for differential extraction.

Statistical Analysis

Statistical analysis was performed with SPSS (Version 25.0, 
SPSS Inc., Chicago, IL, USA). Collected data are represented as 
value, percentage, or mean with standard deviation. PEth find-
ings were dichotomized into positive and negative results. The 
association of examined parameters and EtG test results with 
a positive PEth finding was tested by Pearson and Spearman 
correlation coefficient. Independency and influence of fac-
tors were determined by binary logistic regression analysis. 
Significant values were then entered into multiple binary lo-
gistic regression analysis to perform multivariate testing. The 
impact of tested parameters concerning the expression of PEth 
values was tested by linear regression analysis. The associa-
tion of PEth and other biomarkers’ positivity with survival was 
estimated with Kaplan-Meier survival curves and the log-rank 
test. A P value £0.05 was considered significant.

Results

Baseline Assessments

In total, 66 patients (31 female; mean age 53.29±12.0; range 
21-74 years) were enrolled in the study. The diagnoses in-
cluded cases as follows (Figure 1): 21 alcohol-related cirrho-
sis, 11 hepatocellular carcinoma (HCC, 4 of them with alco-
hol-related cirrhosis), 8 primary sclerosing cholangitis (PSC), 
6 cryptogenic cirrhosis, 5 hepatitis C virus (HCV), 3 autoim-
mune hepatitis (AIH), 3 NASH, 3 primary biliary cirrhosis (PBC), 
2 polycystic liver disease (PLD), 2 portal vein thrombosis (PVT), 
1 Abernethy-syndrome, and 1 Caroli-syndrome. In total, 25 
of 66 patients had the diagnosis of an alcohol use disorder. 

e936293-3

Gundlach J.-P. et al: 
Phosphatidylethanol (PEth) for monitoring sobriety in liver transplant candidates
© Ann Transplant, 2022; 27: e936293

ORIGINAL PAPER

Indexed in:  [Science Citation Index Expanded]  [Index Medicus/MEDLINE] 
[Chemical Abstracts]  [Scopus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Patient characteristics and laboratory measurement values 
are listed in Table 1.

Comparison of Sobriety Test Results

In our cohort, 5/65 (7.7%) of patients were positive for uEtG, 
9/65 (13.8%) were positive for hEtG, and 34/66 (51.5%) were 
positive for PEth (Table 1). Except for 1 patient with a posi-
tive hEtG, all other patients with positive uEtG or hEtG test 
values also tested positive for PEth. Alcohol consumption was 
stated in the TLFB questionnaire by 25 patients and 33 pa-
tients had ³1 point in the AUDIT. Table 2 depicts the percent-
age of positive biomarkers according to the presence of alco-
holic- or non-alcohol-related cirrhosis. Regarding PEth, results 
showed a similar percentage of positives between the groups 
(52.0% vs 51.2%).

Of the 25 patients with ALD, 11 patients were listed for LT 
with an active status (“transplantable”, status T). All of these 
patients were negative for uEtG, which is mandatory accord-
ing to the German LT guideline. However, 1 of these patients 
tested positive for hEtG and 4 were positive for PEth. These 
findings prompted a new interrogation, but no waiting list 
withdrawal. According to the AUDIT results, 9 patients had ³1 
point and 1 patient reported alcohol consumption 6 months 
ago in the TLFB. This particular patient was negative for all 
3 biomarkers. All other patients did not report alcohol con-
sumption in the TLFB.

Similarly, from a total of 6 patients listed with ALD and inac-
tive status (“not transplantable”, NT), none were positive for 
uEtG, but 5 were positive for PEth and 3 for hEtG. All patients 
had ³1 points in the AUDIT and 2 had a positive self-report for 

Study cohort:
n=66

Alcohol-related liver disease: n=25 (38%)
positive for: PEth (13), hEtG (5), uEtG (1)

alcohol-related cirrhosis: n=21
HCC in alcohol-related cirrhosis: n=4

Waiting-list at baseline: n=17 (68%)
there of

active status at baseline: n=11

Transplanted: n=6 (24%)
positive for: PEth (2), hEtG (2), uEtG (0)

there of
active status at baseline: n=2

Other diagnosis: n=41 (62%)
positive for: PEth (21), hEtG (4), uEtG (2)

Abernethy (1), AIH (3), Caroli (1), cryptogenic
cirrhosis (1), HCC (3), HCC in hepatitis cirrhosis (3),
NASH (8), portal vein thrombosis (2), liver cysts (2)

Waiting-list at baseline: n=36 (88%)
there of

active status at baseline: n=34

Transplanted: n=17 (41%)
positive for: PEth (7), hEtG (2), uEtG (1)

there of
active status at baseline: n=16

Figure 1. �Schematic study group presentation divided into alcohol-related and non-alcohol-related diagnoses of liver disease. In 
addition to the breakdown of the diagnoses, the proportion of positive biomarkers is shown. In flow direction, listing for 
liver transplantation as well as the number of performed liver transplantations is displayed. Waiting list status is specified 
for active listing in contrast to inactive status (“not transplantable”). Figure prepared with PowerPoint 2019, Microsoft 
Corporation, Redmond/Washington, USA.

Age
n=66

ASAT (U/L)
n=66

ALAT (U/L)
n=66

µGT (U/L)
n=66

MCV (fl)
n=66

AUDIT
n=66

uEtG 
(mg/L)
n=65

hEtG 
(pg/mg)

n=65

PEth 
(ng/mL)

n=66

Positive results (%) 	 5	 (7.7) 	 9	(13.8) 	 34	(51.5)

	 Min 21.0 17.4 6.8 14.0 29.0 0.0 0.20 7.3 20.6

	 Max 74.0 229.0 313.9 1034.0 98.7 16.0 3.6 78.0 606.0

	 Mean 53.3 57.1 43.2 132.1 84.8 2.1 1.5 40.4 89.5

	 SD 12.02 42.70 45.96 167.76 11.42 3.21 1.64 26.05 112.25

LT performed (%) 	 23	 (34.9) 	 1	(20.0) 	 4	(44.4) 	 9	(26.5)

Deaths after LT (%) 	 6	 (9.1) 	 0	 (0.0) 	 2	(50.0) 	 1	(11.1)

Deaths without LT (%) 	 9	 (20.9) 	 0	 (0.0) 	 1	(20.0) 	 5	(14.7)

Table 1. �Patient characteristics, biomarker values, and follow-up data, showing the number of patients (n), range, mean value and 
standard deviation (SD) for demographic parameters, expression of liver values, and AUDIT results, as well as number of 
positive test results, range, mean value and SD for uEtG, hEtG, PEth (16: 0/18: 2), and realized liver transplantations (LT) 
within the follow-up period for the total group as well as for the biomarker groups.
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alcohol consumption within the last 2 weeks and 5 patients 
more than 2 weeks ago. The uEtG-, hEtG-, and PEth-negative 
patients reported alcohol consumption more than 6 months ago.

Non-listed patients presenting with alcohol-related cirrhosis 
for evaluation (n=8) had a 12.5% positive rate for both uEtG 
and hETG, while PEth was positive in 50.0% of the cases. All 
except 1 patient had ³1 points in the AUDIT and 4 out of 8 
patients reported alcohol consumption more than 1 week and 
up to 6 months ago. The patient with positive uEtG, hEtG, and 
PEth stated 66 g/d alcohol consumption within the last month. 
Importantly, the uEtG test result was below the cut-off (0.5 
mg/L) of the German guideline for LT candidates.

Patients with other liver diseases listed for LT had a high rate 
of positive PEth results (Figure 2). In total, 18/34 (52.9%) pa-
tients had a positive PEth, 1/33 (3.0%) had a positive hEtG, 
and 3/33 (9.1%) had a positive uEtG. All of these patients 
had 0 points in the AUDIT, while 3 stated alcohol consump-
tion within the last 2 weeks. Another 7 patients stated alco-
hol consumption more than 2 weeks ago in the TLFB. Out of 
the 3 patients with alcohol intake within the last 2 weeks, 2 
were positive for uEtG and PEth and 1 was positive for hEtG. 
The patients with alcohol intake more than 6 months ago were 
negative for all biomarkers.

Group
(number of patients)

uEtG
(mg/L)
n=65

hEtG
(pg/mg)

n=65

PEth 16: 
0/18: 1
(ng/mL)

n=66

AUDIT
(points)

TLFB  
(weeks pos.)

0 ³1 <2 >2

Alcoholic 
cirrhosis

Waiting list active (11) 0 1 4 2 9 0 1

Median value (range) 78.0
59.0 

(24.1-80.7)
2 

(2-8)

Waiting list inactive (6) 0 3 5 0 6 2 5

Median value (range)
20.0 

(19.6-53.8)
49.8 

(32.5-606.0)
4 

(3-9)

Not listed (8) 1 1 4 1 7 0 6

Median value (range) 0.4 67.2
40.1 

(20.6-94.0)
8 

(2-16)

Other liver 
disease

Waiting list active (34) 3 1 18 0 10 3 7

Median value (range)
3.0 

(0.2-3.6)
41.8

62.0 
(25.3-251.0)

3 
(1-4)

Waiting list inactive (2) 0 0 0 0 0 0 0

Median value (range)

Not listed (5) 1 3 3 4 1 0 2

Median value (range) 0.4
13.7 

(7.3-61.8)
61.5 

(33.6-74.1)
2

Table 2. Results of positive biomarkers uEtG, hEtG, and PEth and patient self-assessment with the AUDIT and TLFB questionnaires.

100
90
80
70
60
50
40
30
20
10

0
Alcoholic cirrhosis

(n=25)

Biomark distribution (%)

Other liver disease
(n=41)

uEtG
hEtG
PEth
Total number (n=66)

Figure 2. �Overview of positive biomarker test results in patients 
with alcohol-related cirrhosis (n=25) or other liver 
diseases (n=41) in percent. uEtG and hEtG were tested 
in 65 patients, respectively. For PEth (n=66), patients 
with liver diseases other than alcohol-related cirrhosis 
showed a positive test result in over 50% of the cases, 
which is comparable to patients with alcohol-related 
cirrhosis. Figure prepared with PowerPoint 2019, 
Microsoft Corporation, Redmond/Washington, USA.
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Out of 5 patients admitted for LT with non-alcohol-related di-
agnosis, only 1 had ³1 point in the AUDIT and none stated al-
cohol consumption within the last 2 weeks. One patient report-
ed alcohol consumption within the last month and 2 stated 
alcohol consumption more than 6 months ago. However, 1 
patient (20.0%) was positive for uEtG and 3 patients (60.0%) 
were positive for hEtG and PEth.

Follow-Up Data

The mean follow-up time was 41.15 months (±20.04 months, 
range 0-61 months). During that time, 23 patients were trans-
planted (34.9%). Six of 23 patients died after LT. These deaths 
were caused by ARDS after repeated LT for primary nonfunction 
(PNF) on postoperative day (pod) 2, gastrointestinal bleeding 
on pod 193, HCC recurrence on pod 314, alcohol relapse and 
pancreatitis on pod 871, and 2 patients died for unknown rea-
sons at home on pod 163 and 519, respectively. Out of those 6 
patients, 2 patients tested PEth-positive at baseline and both 
patients had a relapse after LT, while their indication for LT was 
ALD. However, both patients complied with 6 months of absti-
nence (uEtG analysis) and psychiatric evaluations before LT. On 
note, all patients with ALD were offered the option of a psy-
chiatric referral and participation in self-help groups after LT.

Another 10 non-transplant patients (15.2%) died during the ob-
servational period: 1 patient with decompensation after TIPS-
thrombosis, 3 with HCC progression, and 6 with unknown rea-
sons. Four of the dead patients had positive PEth at baseline 
and none had a documented relapse during the follow-up. 
Out of 25 patients with ALD at baseline, 3 patients had been 
abstinent for less than 6 months. One of these patients was 
successfully transplanted 2 years later, another patient had a 

follow-up of 5 years without LT, and the third patient, who was 
PEth-positive at baseline, died 3 months after study inclusion.

We did not find any significant association between positive test 
results and overall survival for PEth (P=0.199), hEtG (P=0.356), 
uEtG (P=0.261), or AUDIT (P=0.181) or TLFB (P=0.055).

Correlation of PEth Values

PEth values were correlated with other biomarkers and self-re-
ported alcohol consumption. In the correlation and regression 
analyses, uEtG and hEtG showed a significant positive corre-
lation with the biomarker PEth (P<0.026 and P<0.018 respec-
tively). However, diagnosis of alcohol-related cirrhosis, AUDIT 
>1 point, or TLFB results were not significantly associated with 
a positive test result (Table 3).

The influence of tested parameters on the height of PEth val-
ues were tested by linear regression analysis. Positive uEtG 
and hEtG test results significantly predicted higher PEth val-
ues. Alcohol consumption over the last week, last 2 weeks, 
last month and last 6 months correlated with higher PEth val-
ues. This was even intensified if alcohol intake was admitted 
within 2 weeks (P<0.001, R2=0.501) and 4 weeks (P=0.001, 
R2=0.160). The active waiting list status (T) correlated signifi-
cantly with negative PEth values (Table 4).

Discussion

While ALD continues to be one of the main categories in LT, an 
increasing number of patients are being transplanted for NASH 
and other non-alcohol-related conditions [31]. The literature 

Characteristics PEth positive PEth negative p-value

Patients (n) 34 32

Alcohol diagnosis 13 12 n.s.

AUDIT >1 point 19 14 n.s.

uEtG positive 4 1 0.026

hEtG positive 8 1 0.018

Alcohol last week 2 1 n.s.

Alcohol last 2 weeks 3 1 n.s.

Alcohol last month 6 2 n.s.

Alcohol last 6 months 7 4 n.s.

Listed for liver transplantation 27 26 n.s.

Active waiting list status 22 23 n.s.

Table 3. �Frequency table of patient characteristics with positive or negative test results for PEth. Displayed are numbers of positive 
findings for alcohol diagnosis, >1 point in the AUDIT, self-reported alcohol consumption, and waiting list status (T and NT). 
Significance was determined by results of binary logistic regression analyses, P<0.05 was regarded as statistically significant.
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on direct alcohol biomarkers in the evaluation of LT candidates 
has been slowly growing in recent years, but its application 
in non-alcohol-related cases has been strikingly nonexistent. 
While the importance of assessing alcohol use in ALD seems 
self-explanatory, and although alcohol monitoring is not man-
datory for non-alcohol-related cirrhosis patients according to 
German transplantation guidelines, we believe alcohol absti-
nence in other non-alcohol conditions should not be taken for 
granted, as our data suggest.

Rationale for Monitoring Sobriety in Non-Alcohol-Related 
Liver Disease

Two reasons could explain why monitoring consumption in 
non-alcohol-related diseases is important. First, heavy alcohol 
use might have gone undetected in non-ALD populations, giv-
en that alcohol use disorders frequently go unnoticed in med-
ical settings and also due to the stigma associated with the 
disease, which makes its disclosure difficult [38]. Second, ALD 
and other non-alcoholic conditions such as NASH share signif-
icant underlying necessities, mainly related to life-style chang-
es required to avoid disease recurrence and graft loss [39,40]. 
Therefore, direct alcohol biomarkers could also be viewed as 
life-style change indicators that could help both professionals 
and patients to monitor and sustain those changes.

Superior PEth Sensitivity

This and similar studies suggest PEth could have some advan-
tages and/or give complementary information regarding alco-
hol intake over other direct alcohol biomarkers [22,23,26,28]. 
In the present study, PEth values were found to be positive 
3.5 times more often than any of the other metabolites, indi-
cating that PEth might be more sensitive than uEtG and hEtG 
in the detection of ethanol use in the study setting. Various 
reasons could explain this increased sensitivity. Abstinence 
of several days may result in negative uEtG but still be PEth-
positive due to differences in half-life of the markers [14,22,23]. 

Consequently, announcing a urine control may result in short-
term abstinence before possible urine sampling and lead to 
negative uEtG concentrations. Compared to hEtG, it must be 
noted that hair analysis does not cover the last 2 weeks before 
cutting the hair, since incorporation and growth needs 10-14 
days. Hair treatment and other conditions might lower hEtG 
concentrations, while blood used for PEth detection is unlikely 
to be manipulated. Previous studies conducted in similar pop-
ulations have also shown greater sensitivity for PEth [24,26].

PEth Correlates with Alcohol Amount Ingested

Another interesting feature of PEth previously suggested in 
the literature is its correlation with the amount of ethanol in-
gested. It has actually been proposed as a marker of heavy vs 
non-heavy alcohol intake [41]. While an exact cut-off is diffi-
cult to find [42], our regression analysis did find a correlation 
between the amount of self-reported alcohol ingestion and 
PEth values. Results from our regression analysis also suggest 
PEth correlate well with other clinical variables, such as self-
reports and also with other direct biomarkers.

Biomarker Limitations

Among the limitations of this study are the following: 1) First 
of all, this was a bullet-point analysis and analyzed LT can-
didates in our center based on their biomarker parameters 
at a single time point. A longitudinal view in different cen-
ters would be useful for further analysis. In addition, centers 
experienced in early LT below 6 months of sobriety [6] could 
add value in this regard. 2) Furthermore, the self-assessment 
is subjective by nature and might be influenced by memory 
bias. 3) Our cohort does not represent participants with ex-
tremely high alcohol consumption, as these patients are not 
transplant candidates per se.

While the uEtG cut-off is defined as 0.5 mg/L in the guideline 
of the German Medical Association (artificially increased value 

parameter p-value regression coefficient B R2

uEtG 0.04 57.88 0.123

hEtG <0.001 138.54 0.273

Alcohol last week 0.01 107.08 0.060

Alcohol last 2 weeks <0.001 270.25 0.501

Alcohol last month 0.001 111.66 0.160

Alcohol last 6 months 0.026 67.07 0.075

Active waiting list status 0.009 -99.48 0.127

Table 4. �Influences on the height of PEth values. The results of simple linear regression analysis regarding the height of PEth values 
are displayed. P values <0.05 are regarded as statistically significant. Unstandardized regression coefficient B to determine 
effect direction and R2 as measure of goodness of fit is shown.
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through, for example, the consumption of sauerkraut), compa-
rable cut-off values for PEth are still under discussion. PEth is 
highly specific and sensitive, but without a defined cut-off it is 
difficult to judge non-intended and intended alcohol consump-
tion in a cohort of LT patients (with various diagnoses of liver 
disease), although a value of 0 ng/mL should be advised con-
sidering the impact of alcohol on liver function after LT. The long 
half-life found in the terminal elimination phase (>8 days) ex-
plains the long period until PEth values in the blood drop be-
low about 100 ng/mL PEth 16: 0/18: 1, which can take several 
weeks after drinking, depending on the amount consumed be-
fore alcohol cessation [43]. In clinical use, non-intentional con-
sumption has been examined less than intentional intake (ie, 
excessive alcohol consumption). So far, only cut-off values for a 
lower limit of the PEth 16: 0/18: 1 concentration (35 ng/mL) and 
a limit to differentiate between non-intended and excessive alco-
hol consumption have been suggested (210 ng/mL) in Swedish 
studies [44,45]. A further lowering of the limit value appears to 
be possible only after future studies with an analysis of low al-
cohol consumption and addressing of false-positive test results.

Conclusions

Taken together, all these findings suggest the high validity of 
PEth as an alcohol biomarker in the peri-transplantation pe-
riod. While uEtG is the current criterion standard in trans-
plantation guidelines in many countries, accumulating data 

indicate that PEth could significantly add value and objectiv-
ity to this complex process. Alcohol consumption after LT im-
pairs graft survival. In the non-alcoholic liver disease cohort, 
there is a high percentage of patients with alcohol consump-
tion. Therefore, our data underscore the importance of test-
ing all transplant candidates.
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