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Abstract

Background—Blood phosphatidylethanol (PEth) is a promising biomarker of alcohol 

consumption. This study was conducted to evaluate its performance in patients with liver disease.

Methods—This study included 222 patients with liver disease. Patient-reported alcohol use was 

obtained as a reference standard, and PEth was measured by tandem mass spectrometry. Receiver 

operating characteristic (ROC) and contingency table analyses were used to assess the 

performance of PEth in detecting any drinking and averaging 4 or more drinks daily in the past 30 

days.

Results—At the limit of quantitation (20 ng/mL), PEth was 73% sensitive (95% confidence 

interval (CI) 65–80) and 96% specific (95% CI 92–100) for any drinking in the past month. 

Subjects who drank but had a negative PEth result were mainly light drinkers. Subjects who 

reported 30-day abstinence but with quantifiable PEth either reported heavy drinking within the 

past 6 weeks or had data that suggested under-reported drinking. At the optimal cutoff 

concentration of 80 ng/mL, PEth was 91% sensitive (95% CI 82–100) and 77% specific (95% CI 

70–83) for averaging at least 4 drinks daily.

Conclusion—PEth is a useful test for detecting alcohol use in liver disease patients, but cutoff 

concentrations for heavy drinking will result in misclassification of some moderate to heavy 

drinkers.
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INTRODUCTION

Liver disease is the 12th leading cause of death in the US, with alcohol serving as the 

primary cause or an important co-factor in approximately 50% of liver-related deaths (Yoon 

and Yi, 2010). Thus detecting unhealthy drinking and intervening with counseling, 

medication, or referral for addiction care when appropriate is an important component of 

treatment for patients with liver disease of any etiology. Patient self-reporting of drinking 

can be relied on in many instances, but, as demonstrated by a study of the ethanol metabolite 

ethyl glucuronide in urine (Staufer et al., 2011), it is clear that under-detection of potentially 

harmful levels of alcohol use is an important issue in the clinical care of liver disease 

patients. Because accurate classification of alcohol use is important in optimizing treatment 

outcomes, alcohol consumption testing may have a role in diagnosis and monitoring. 

Traditional alcohol consumption testing (e.g., serum liver enzymes and red cell mean 

corpuscular volume) is not accurate in liver disease patients, but newer biomarkers that are 

products of non-oxidative ethanol metabolism may be highly accurate regardless of liver 

function (Wurst et al., 2005). One such product is blood phosphatidylethanol (PEth), a 

phospholipid that results from a phospholipase-D-catalyzed reaction between 

phosphatidylcholine and ethanol in cell membranes (Gustavsson, 1995). Pertinent to alcohol 

testing, PEth is integrated into the erythrocyte membrane, and has an average half-life of 

approximately 10 days (Gnann et al., 2012). In a preceding preliminary study (Stewart et al., 

2009) we reported PEth’s presence in most current drinkers and demonstrated its correlation 

to alcohol consumption in patients with liver disease. This current study was undertaken to 

further assess the accuracy of blood PEth levels in detecting alcohol use and harmful levels 

of drinking, and compare it to the heavily-validated biomarker carbohydrate-deficient 

transferrin.

METHODS

Subjects and determination of alcohol use

Patients presenting for care to the hepatology clinics or inpatient Liver Service at a 

university medical center were recruited for this study. A research assistant present in the 

clinics recruited subjects who had indicated to their health care provider at the time of their 

appointment or hospital admission that they were willing to discuss research participation 

involving their use of alcohol. We did not collect any information on those who did not wish 

to participate. Those providing written informed consent completed a timeline followback 

daily drinking survey that was administered by trained research assistants (Sobell and 

Sobell, 1992), the results of which were used to determine average daily alcohol use in the 

past 30 days. Particular efforts were made to include a sufficient number of current drinkers 

in order to adequately evaluate the sensitivity of PEth. However, in order to minimize the 

consequences of under-reported drinking on PEth validation, we did not recruit subjects who 

were suspected to engage in heavy drinking by their physician but denied alcohol use 

(clinical care providers did not refer such patients to the study). The rationale for this 

approach was to obtain a more accurate estimate of biomarker specificity, while still validly 

estimating the relationship between PEth and alcohol consumption based on self-report. As 

an additional method for detecting unreported drinking, subjects also provided urine and hair 
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samples for measurement of ethyl glucuronide (EtG), another non-oxidative alcohol 

biomarker, for use in secondary analyses as discussed below. Participants received $40 for 

their time and effort. The study was approved by the university’s Institutional Review 

Board.

Laboratory assessment

Blood PEth and hair and urine EtG assays were performed by a contracted laboratory (US 

Drug Testing Laboratories, Des Plaines, IL) using liquid chromatography tandem mass 

spectrometry assays. The major PEth species in whole blood (18:1,16:0) was measured as 

described by Faller et al (Faller et al., 2011) with an initial limit of quantitation of 20 ng/mL 

that was lowered to 8 ng/mL during this study due to improved instrumentation. Urine EtG 

was measured as reported by Dresen et al (Dresen et al., 2004) with a reporting limit of 100 

ng/mL, and hair EtG was measured as reported by Morini et al (Morini et al., 2006) with a 

limit of quantitation of 8 pg/mg. Percent disialo-carbohydrate-deficient transferrin (%dCDT) 

was measured using a high performance liquid chromatography assay as reported by 

Helander et al (Helander et al., 2003) at the Clinical Neurobiology Laboratory at the 

Medical University of South Carolina. The comparison between PEth and %dCDT was 

limited to a subset of this sample due to abnormalities in transferrin chromatography that 

have previously been associated with advanced liver disease, and preclude quantitation of 

%dCDT (Arndt et al., 2008, Stewart et al., 2010a). Neither laboratory was aware of the 

subjects’ alcohol use.

Determination of liver disease severity

The electronic medical record was reviewed by a physician (author SHS) to determine the 

etiology and severity of each subject’s liver disease. Source material included hepatology 

clinical notes, and radiology, laboratory, and pathology reports. The etiology of liver disease 

was clarified when necessary by consultation with the hepatology co-authors (DGK, IRW, 

and/or AR). Subjects were categorized as cirrhotic if they had biopsy-proven cirrhosis, 

proven esophageal varices, and/or ascites.

Data analysis

The average number of drinks per day in the 30 days preceding PEth sampling was 

determined from the alcohol use survey and this served as the primary reference standard for 

validating PEth. The 30-day horizon corresponds roughly to three PEth half-lives (Gnann et 

al., 2012). While self-report was our standard for validating PEth, the use of self-reported 

alcohol consumption introduces some uncertainty into validation studies. Therefore, in a 

secondary analysis, we supplemented self-report with urine and hair EtG to detect probable 

underreporting of alcohol use for even more accurate classification. Specifically, subjects 

reporting past week abstinence but having urine EtG in excess of 100 ng/ml were excluded 

from analysis (Stewart et al., 2013a), as were subjects reporting less than one drink per day 

on average over the prior 3 months, but having hair EtG in excess of 30 pg/mg, a 

concentration that is highly suggestive of regular heavy drinking (Pragst et al., 2010, Stewart 

et al., 2013b). Because not all subjects had provided urine and hair samples, we limited this 

secondary analysis to subjects who had results for both urine and hair EtG.
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Receiver operating characteristic (ROC) analysis was used to estimate the utility of PEth in 

detecting any drinking in the past 30 days, or alcohol use that averaged at least 4 standard 

drinks per day (with a standard drink being defined as any volume of beverage containing 14 

grams of ethanol). The ROC curve for at least 4 standard drinks per day (i.e., “heavier 

drinking”) was also compared to the corresponding curve for %dCDT. Linear regression, 

with log PEth as the dependent variable, was used for subjects with quantifiable PEth to 

estimate if liver disease severity, age or gender modified the relationship between PEth 

concentration and alcohol use. Finally, as the limit of quantitation for the PEth assay was 

lowered from 20 ng/mL to 8 ng/mL during the study due to improved mass spectrometry 

instrumentation, sensitivity and specificity for detecting any drinking were also estimated 

for the 8 ng/mL cutoff (i.e., all subjects were analyzed using the 20 ng/mL cutoff since the 

assay itself did not change, and subjects to which the lower cutoff applied due to improved 

instrumentation were analyzed again at the lower cutoff).

RESULTS

During a 32 month period 222 subjects were recruited for the study and provided a blood 

sample for PEth measurement. Of these, 163 (73%) also had interpretable %dCDT results. 

Subject characteristics are summarized by self-reported drinking status in Table 1. Heavier 

drinkers tended to be male, and current drinkers were less likely to be cirrhotic than 

abstainers. To illustrate the relationship between PEth concentration and alcohol use, the 

distribution of PEth within various self-reported drinking categories is illustrated in Figure 

1, showing a strong positive correlation but substantial overlap between categories.

As determined from the medical record, the most common clinical diagnoses included 

chronic Hepatitis C in which alcohol use was not felt to represent an important comorbidity 

(n=74, 33%), alcoholic liver disease (n=51, 23%), fatty liver diseases (n=32, 14%), chronic 

Hepatitis C in which alcohol use was felt to represent an important comorbidity (n=27, 

12%), autoimmune liver diseases (n=18, 8%), and cryptogenic disease (n=10, 5%). The 

remaining 5% included subjects with Hepatitis B (n=2), granulomatous disease (n=2), 

medication-induced liver disease (n=3), hemochromatosis (n=1), alpha-1-antitrypsin 

deficiency (n=1), and congenital hepatic fibrosis (n=1). Among the cirrhotic patients, the 

median MELD score (Kamath et al., 2001), a measure of cirrhosis severity, was 10, with an 

interquartile range of 6 to 14.

ROC analyses and effects of cirrhosis, gender, and age

Using the 20 ng/mL cutoff and classifying anything less as “negative”, the area under the 

ROC curve (AUROC) for PEth classification of any drinking was 0.87 (95% confidence 

interval [CI] 0.83 to 0.91), and 0.89 (95% CI 0.85–0.94) for averaging four or more drinks 

daily. In subjects with quantifiable PEth, the relationship between PEth concentration and 

alcohol use did not depend on gender (interaction p=0.210), age (interaction p=0.438), or 

liver disease severity (interaction p= 0.280).

In the secondary analysis, 88% of the subjects (n=196) had results for urine and hair EtG; 12 

subjects were eliminated due to mismatches between self-report and EtG results. In this 

subset (n=184), there was no change in the AUROC for any alcohol use (0.86, 95% CI 0.81–

Stewart et al. Page 4

Alcohol Clin Exp Res. Author manuscript; available in PMC 2015 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



0.90), and a small increase for averaging 4 or more drinks daily (0.92, 95% CI 0.87–0.96). 

This suggested that the drinking reports obtained from the study subjects were mainly 

accurate (with some exceptions as presented below in the description of false positive 

results).

Sensitivity and specificity

The sensitivity and specificity of PEth at the original limit of quantitation (20 ng/mL), the 

lower limit of quantitation (8 ng/mL) resulting from improved instrumentation during the 

study, and the cutoff concentration that maximized the sum of sensitivity and specificity for 

averaging at least 4 drinks daily (80 ng/mL), are listed in Table 2. A cutoff of 300 ng/mL 

provided 90% specificity for heavier drinking in this sample, but sensitivity was 

substantially reduced (71%, 95% CI 56–86). Limiting the analysis to those with hair and 

urine EtG results and no mismatch with self-reported drinking provided similar results, but 

suggested that specificity may be slightly higher than we estimated from self-report. For 

example, for identifying subjects consuming at least 4 drinks daily, the 80 ng/mL cutoff was 

89% sensitive (95% confidence interval 78 to 100), and 82% specific (95% confidence 

interval 76 to 88).

Comparison to %dCDT

In the 163 subjects who had interpretable %dCDT results (73% of the total), the AUROC for 

PEth significantly exceeded that for %dCDT for averaging at least 4 drinks daily (Figure 2). 

The AUROC for %dCDT was 0.79 (95% CI 0.69–0.89) vs. 0.90 (95% CI 0.85–0.95) for 

PEth. Despite these findings, in liver disease patients with interpretable %dCDT results, the 

slight overlap of the ROC curves seen in Figure 2 suggests that %dCDT would have greater 

specificity at cutoff concentrations with very low sensitivity (i.e., < 40%).

Alcohol use in subjects with PEth ≥ 20 ng/mL but reporting past-30-day abstinence 
(Potential false positives)

Four subjects who reported past-30-day abstinence had PEth ≥20 ng/mL (specifically, 38 

ng/mL, 84 ng/mL, 291 ng/mL, and 422 ng/mL), and these constitute the positive results 

illustrated in the abstinent group in Figure 1. Two of these subjects (PEth 38 and 291 

ng/mL) had been engaged in frequent heavy drinking within 40 days of study participation, 

and, consistent with their self-reported drinking, had negative urine EtG results and positive 

hair EtG results. The remaining 2 subjects who reported greater than 90 days of continuous 

abstinence, had mismatches between their reported alcohol use and urine and/or hair EtG 

results, and, even under the ideal conditions of the study, likely provided inaccurate self-

reports of abstinence.

Alcohol use in subjects reporting past-30-day drinking but having undetectable PEth 
(Potential false negatives)

There were 34 subjects who reported some past-30-day drinking but who had PEth results < 

20 ng/mL (representing 27% of past month drinkers). These subjects were mainly light 

drinkers, with a median total past-30-day alcohol consumption of 6.1 drinks, which ranged 

from <1 to 329 drinks. Only 2 subjects reported an average of more than 2 drinks daily 
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(specifically 3 and 11 drinks/day), both of whom reported 3 weeks of abstinence, with the 

latter also having undergone massive red blood cell transfusion in the days preceding study 

participation. Drinking was significantly lower compared to the median of 86 standard 

drinks in past-30-day drinkers who had PEth results ≥20 ng/mL (Wilcoxon p<0.001). With 

the lower cutoff of 8 ng/mL (applicable to the final 126 subjects accrued for the study), 21% 

of past-month drinkers had negative PEth results, and all averaged less than 2 drinks daily.

DISCUSSION

Similar to findings in other populations, this study shows that PEth measured by mass 

spectrometry was detectable in most moderate to heavy alcohol consumers with chronic 

liver disease. It was not detectable in many light drinkers who would not be consuming 

enough alcohol to harm their liver, and rarely a heavier drinker in association with recent 

onset of abstinence in the past weeks. PEth outperformed %dCDT as a biomarker for heavy 

drinking, but is limited in screening for heavier alcohol use due to substantial overlap in 

PEth concentrations with moderate drinkers.

PEth was discovered in 1983 (Alling et al., 1983), and since that time has been evaluated as 

an alcohol consumption biomarker in a number of different study populations (e.g., 

Aradottir et al., 2006, Hahn et al., 2012, Hansson et al., 1997, Hartmann et al., 2007, Stewart 

et al., 2010b, Varga et al., 1998, Wurst et al., 2010, Stewart et al., 2010c). The current study 

results extend prior research findings to patients with liver disease, and tentatively identified 

an optimal cutoff for drinking that would exacerbate or cause liver disease (i.e., 80 ng/mL 

for averaging at least 4 drinks daily). However, due to overlapping PEth distributions with 

more moderate drinkers, misclassification will occur. A quantifiable PEth concentration 

rules out abstinence, although with a half-life of approximately 10 days, detectable PEth 

may in theory persist for many weeks depending on its concentration at the onset of 

abstinence. In this study population, PEth was detectable in 2 previously heavily drinking 

subjects who were felt to have provided reliable self-report of abstinence for approximately 

5 to 6 weeks.

Results suggest that the validity of PEth remains high regardless of age, gender, and liver 

disease severity. However, as a number of subjects had not undergone liver biopsy, some 

cirrhotic subjects may have been misclassified as non-cirrhotic if they did not have signs of 

portal hypertension (i.e., varices or ascites). This may have diluted any true differences 

between subjects classified as cirrhotic vs. non-cirrhotic. In addition, the study was not 

highly powered for detecting differences between cirrhotic and non-cirrhotic subjects, and 

this finding will require confirmation.

Coupled with our previously reported findings on urine EtG and hair EtG in this sample, 

these results show that negative mass spectrometry assays for urine and hair EtG (Stewart et 

al., 2013a, Stewart et al., 2013b), together with blood PEth, can generally eliminate concerns 

over recurring moderate to heavy drinking in the days (urine EtG), weeks (blood PEth), and 

months (hair EtG) preceding a clinical encounter. However, the absence of these ethanol 

metabolites does not rule out lighter drinking. Biomarker assessment is not subject to real or 

potential biases, and, when resources are available to measure PEth and other alcohol 
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elimination products, they can serve as a valuable supplement to a clinical assessment of 

alcohol use in liver disease patients (Allen et al., 2013). Similar use of PEth has been shown 

for example in an impaired professionals program (Skipper et al., 2013), and as a method for 

relapse detection among problem drinkers (Helander et al., 2012). In clinical research 

settings focusing on alcohol-related liver disease, biomarkers have the potential to reduce 

misclassification of alcohol use, which would typically be an important covariate or 

treatment outcome. If used in this manner, treatment effects might be estimated with greater 

efficiency and accuracy.

Several limitations merit discussion. We relied on self-report as our reference standard for 

alcohol use, and the accuracy of our sensitivity and specificity estimates depend on the 

validity of self-reported drinking. Inaccurate self-report would likely tend toward an 

underestimation of alcohol use, which could cause an underestimation of biomarker 

specificity. Our secondary analyses excluding subjects with mismatches between self-

reported drinking and hair or urine EtG supported the validity of self-report, but did suggest 

that PEth specificity may be slightly higher than we have estimated. There will be situations 

where the PEth concentration does not reflect typical consumption in the prior weeks (e.g., 

prolonged elimination in a person with particularly high concentrations prior to drinking 

reduction or cessation, or quantifiable levels resulting from a recent but isolated binge 

(Gnann et al., 2012)). Large volume blood transfusions could result in false positive or false 

negative results for PEth testing, as may have been the case for one of our study participants. 

It is important to note that this was not necessarily a representative sample of patients with 

liver disease, as recruitment was completed in a regional referral center for liver diseases. As 

a result, sensitivity for any past-month drinking may differ from our results in the general 

population of patients with liver disease, depending on the actual distribution of alcohol use 

in the target population (e.g., sensitivity would be lower if the population included a higher 

proportion of light drinkers, in whom PEth is often undetectable). However, our specificity 

estimates would not differ in the general population of patients with liver disease, nor would 

the sensitivity estimate for heavier drinking. Although mass spectrometry continues to make 

inroads into clinical testing (Shushan, 2010), the cost-effectiveness of PEth will likely be 

low in an unselected clinical population due to the expense of current assay methods. 

Conversely, PEth may be highly cost-effective if the consequences for misclassification are 

high, e.g., in liver transplantation evaluations or patients in whom alcohol use may be 

complicating their liver disease, or research studies examining treatment efficacy for 

alcohol-related liver disease.

In conclusion, in patients with liver disease, blood PEth measurement is a useful test for 

detecting moderate to heavy alcohol consumption in the past weeks, and quantifiable levels 

rule out abstinence in the past weeks to perhaps months given an approximately 10-day half-

life. Results show that the detection of drinking in general is an unambiguous benefit of 

PEth. The use of a cutoff concentration to detect heavy drinking has some potential to 

supplement alcohol assessment, but cannot stand alone due to misclassification of some 

moderate to heavy drinkers. Our results can be used to aid interpretation of PEth in liver 

disease patients. However, PEth remains a relatively new biomarker, and additional study is 

needed to further refine interpretation and determine optimal clinical applications.
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Fig. 1. 
Distribution of phosphatidylethanol (PEth) by self-reported alcohol use.
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Fig. 2. 
Area under the receiver operating characteristic curves for an average of 4 ormore drinks 

daily.
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Table 1

Subject Characteristics by Past-30-Day Drinking Status

Characteristic Abstinent (42%, n=94) < 4 Drinks Daily (42%, n=93) ≥4 Drinks Daily (16%, n=35)

% male 50 57 71

Median age (interquartile range) 52 (47–59) 52 (41–57) 52 (46–58)

% cirrhotic* 72 39 43

Median drinks past 30 days (interquartile 
range) [range]

N/A 28 (8–63) [1–119] 266 (175–347) [120–929]

% Subjects with PEth ≥ 20 ng/mL 4 65 97

*
67% of cirrhotic cases were biopsy-confirmed, and 33% were based on clinical findings as specified in the text. 57% of subjects classified as non-

cirrhotic had undergone liver biopsy.
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Table 2

Sensitivity and Specificity of Phosphatidylethanol (PEth) for Past-Month Drinking

Drinking State PEth Concentration* (ng/mL) Sensitivity (95% confidence interval) Specificity (95% confidence interval)

Any drinking ≥8 79% (71–88) 90% (81–98)

Any drinking ≥ 20 73% (65–80) 96% (92–100)

≥ 4 drinks/day ≥ 20 97% (92–100) 66% (59–73)

≥ 4 drinks/day ≥80 91% (82–100) 77% (70–83)

*
The PEth concentrations represent the original and improved limits of PEth quantitation and the concentration that maximized sensitivity

+specificity for averaging at least 4 drinks daily as described in the text.
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