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Abstract

Background: Alcohol dependence remains a significant global health
issue, exacerbated by the coronavirus disease 2019 (COVID-19) pan-
demic. Phosphatidylethanol (PEth), a direct biomarker of recent alco-
hol consumption, offers improved specificity, sensitivity, and a longer
detection window of 2 - 4 weeks compared to traditional biomarkers.
This study evaluates the association between PEth testing and hospi-
tal outcomes in hospitalized patients by comparing outcomes among
patients with positive PEth and negative PEth test results.

Methods: This retrospective cohort study used data from the Tri-
NetX database, comprising de- identified medical records from 66
US healthcare organizations from 2015 to 2024. The study popula-
tion included patients with documented PEth test results. Patients
were divided into two groups: positive PEth test results (> 20 ng/
mL) and negative PEth test results (< 19 ng/mL). Propensity score
matching was performed to minimize bias, balancing for age, sex,
race, ethnicity, and comorbidities such as cirrhosis, diabetes mellitus,
hypertension, coronary artery disease, and chronic obstructive pul-
monary disease (COPD). Key hospital outcomes assessed included
mortality, delirium tremens, endoscopy/colonoscopy, liver transplant
status, liver transplant rejection, liver transplant complications, hepa-
torenal syndrome, intensive care unit (ICU) admission, hepatic en-
cephalopathy, and sarcopenia. These outcomes were chosen based on
their prevalence in patients with alcohol use.

Results: Patients with positive PEth results demonstrated significant-
ly worse outcomes compared to patients in the negative PEth group.
Positive PEth results were associated with higher mortality (odds ra-
tio, 10.037; P < 0.001), ICU admissions, and rates of complications
such as hepatorenal syndrome, hepatic encephalopathy, and sarcope-
nia. Postoperative liver transplant complications and rejection were
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also more frequent in the positive cohort.

Conclusions: This study highlights the association between recent
alcohol use, as identified by PEth testing, and severe hospital out-
comes. While PEth testing provides an objective measure of recent
alcohol consumption, further research is needed to explore its role in
improving clinical outcomes and guiding interventions for patients
with alcohol use.
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Introduction

Alcohol dependence is an increasing global health problem.
Since the coronavirus disease 2019 (COVID-19) pandemic,
the USA alone saw roughly 178,000 deaths during 2020 - 2021
from alcohol use, a 29% increase from 2016 to 2017 [1]. Alco-
hol misuse places a great burden on the healthcare system as
it constitutes a major source of morbidity and mortality; more
than 28.3 million people in the USA have alcohol use disorder
(AUD) [2, 3]. About two-thirds of alcohol-related deaths are
from chronic conditions such as heart disease, alcohol-associ-
ated liver disease (ALD), and cancer [4].

Some alcohol biomarkers are valuable for uncovering
drinking habits. Traditional indirect markers, such as carbo-
hydrate-deficient transferrin (CDT) and y-glutamyltransferase
(GGT), are useful for the identification of prolonged or ex-
cessive consumption [5]. Blood alcohol concentration (BAC)
or blood and urine ethyl glucuronide (EtG) and ethyl sulfate
(EtS) are direct markers, specifically used for the detection of
recent alcohol consumption. Direct markers are metabolites of
alcohol, making them honest reflections of alcohol consump-
tion, and are often applied in the management of the treatment-
seeking AUD population [6].

Alcohol consumption biomarkers have evolved signifi-
cantly over the past several years. Although not routinely used,
EtG testing in hair and fingernails has been studied as a poten-
tial long-term alcohol biomarker, with EtG levels in fingernails
showing notable promise as a quantitative indicator of alcohol
use [7]. An additional promising testing parameter is phos-
phatidylethanol (PEth), a direct alcohol use biomarker, which
has a sensitivity range of 97-100% and a specificity range of
66-96% for detecting alcohol use as reported by the Ameri-
can Association for the Study of Liver Diseases (AASLD) [8].
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These findings underscore the utility of PEth as a reliable bio-
marker for alcohol consumption. BAC, urine EtG, and urine
EtS have shorter detection windows, just 2 - 4 days, making
PEth testing advantageous over these other testing methods
[9-11].

PEth is an abnormal phospholipid synthesized by the en-
zyme phospholipase D (PLD) in the presence of ethanol within
the cell membranes of most animal organs, with 48 identified
homologs in the blood [10]. PEth is rapidly broken down in
most tissues; however, red blood cells (RBCs) exhibit a unique
characteristic that slows its elimination [12]. Unlike other cell
types, RBCs lack the activity of certain enzymes, such as phos-
phatidylcholine phospholipase C (PLC), which likely contrib-
utes to their inability to efficiently degrade PEth [12]. This
results in an imbalance between PEth formation and degrada-
tion within RBCs, causing it to accumulate in their membranes
[12]. In other tissues, such as pancreatic islets, hepatocytes,
and neutrophils, PEth is cleared more quickly, with a half-life
of only 0.5 - 2 h [12]. In contrast, this accumulation in RBCs
gives PEth a longer half-life in whole blood, ranging from
approximately 4 to 7 days. This extended presence in RBCs
makes PEth a reliable biomarker for detecting recent and even
chronic alcohol consumption. PEth levels can remain detect-
able for up to 28 days depending on the consumed amount
of ethanol, making this biomarker well-suited for monitoring
abstinence, identifying relapse, and evaluating patient drinking
behaviors [13].

Homolog 16:0/18:1 is the most commonly used in clini-
cal and forensic investigations, as it accounts for the largest
proportion of PEth produced following alcohol consumption
[9, 10]. After a single ethanol dose, PEth can be found in the
blood of social drinkers and individuals with AUD, reaching
detectable levels 30 min to 1 h after alcohol consumption and
peaking 90 - 120 min after cessation of drinking [9].

Objective measures of alcohol use are imperative for the
effective treatment of AUD and other medical conditions caus-
ing morbidity and mortality from long-term alcohol misuse,
as self-reports of abstinence and reduced alcohol use are high-
ly subjective to recall bias [14]. Drinking experiments have
shown correlations between reported ethanol intake in patients
with AUD and blood PEth levels, helping discriminate be-
tween social, moderate, and chronic ethanol use, and providing
threshold levels considered typical [15].

This study hypothesizes that PEth testing identifies indi-
viduals at greater risk for adverse alcohol-related health out-
comes.

Materials and Methods

Data source

We conducted an analysis using data from the TriNetX da-
tabase. The TriNetX database is a global federated health
research network providing access to electronic medical re-
cords across large healthcare organizations. The data were
obtained from 66 healthcare organizations across the United
States, which included academic and non-academic hospitals.

Table 1. Patient Characteristics

Positive PEth (total Negative PEth (total

Variable number of patients) number of patients)
Mean age (years) 54.4 47.4

Female 1,908 1,388

Male 3,074 1,296

Hispanic or Latino 262 240

White 3,455 1,092

Black 906 836

Asian 66 114

Other 293 402

PEth: phosphatidylethanol.

Patients in the database were all hospitalized individuals with
PEth testing during 2015 - 2024.

Ethical compliance with human study

The data reviewed are a secondary analysis of existing data,
does not involve intervention or interaction with human sub-
jects, and are de-identified per the de-identification standard
defined in Section §164.514(a) of the HIPAA Privacy Rule.
The process of de-identifying data is attested to through a for-
mal determination by a qualified expert as defined in Section
§164.514(b)(1) of the HIPAA Privacy Rule - this formal deter-
mination by a qualified expert, refreshed in December 2020.

Study population

TriNetX was queried using the Internal Classification of Dis-
eases 10th version, clinical modification (ICD-10 CM) codes.
Inclusion criteria for the patient population were hospitalized
patients and PEth test results. Patients who were hospitalized
and then obtained a PEth test during hospitalization were in-
cluded in the study. Table 1 shows patient characteristics for the
patients admitted. The analysis compared patients with positive
PEth test results to those with negative PEth test results (Fig.
1). The comparison between patients with positive and negative
PEth test results was conducted to evaluate alcohol exposure as
a whole and its association with clinical outcomes in the patient
population. We chose not to limit this analysis to those with fi-
brosis or cirrhosis to maintain the inclusivity of the entire study
cohort and to explore the potential impact of alcohol use across
different stages of liver disease. This approach allows for a more
comprehensive understanding of alcohol exposure within the
study population. There were no exclusion criteria.

High PEth patients vs. low PEth patients

Cohort 1 included 5,016 patients with a PEth test result of 20
ng/mL or higher (i.e., positive PEth test), while cohort 2 in-
cluded 2,650 patients with a PEth test result of 19 ng/mL or
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All Patients with PEth
Testing =
7,666

PEth result <19 =
2,650

s

Total Patients
after matching =
2,114

PEth result >20 =
5,016

:

Total Patients
after matching =
2,114

Figure 1. Analysis of patient breakdown.

lower (i.e., negative PEth test). All patients in this analysis had
undergone PEth testing, totaling 7,666. After matching, each
cohort for this analysis had 2,114 patients.

Study outcomes and variables

There were a total of 10 primary outcomes analyzed in this
study, selected based on their clinical relevance to the patient
population and their importance in reflecting disease progres-
sion, complications, or healthcare utilization. These outcomes
included mortality, delirium tremens (DT), colonoscopy/en-
doscopy, liver transplant (LT) listing, LT rejection, LT compli-
cations, hepatorenal syndrome (HRS), ICU admission, hepatic
encephalopathy (HE), and sarcopenia. The selection was guid-
ed by their frequency in the database and their significance in
patient outcomes. Notably, the outcomes included both diag-
noses and procedures to capture a comprehensive picture of
patient morbidity and treatment.

ICD-10 codes, procedure codes, and CPT codes were used
to identify these outcomes, with details provided in Supplemen-
tary Material 1 (gr.elmerpub.com). All variables were catego-
rized as binary (patients having the condition versus not having
the condition). This approach was designed to ensure consistent
classification and facilitate meaningful comparisons.

Statistical analysis

To minimize bias and ensure comparability between the co-

horts, we employed propensity score matching. This statistical
technique was used to create matched pairs of patients from
the cohorts based on age, sex, ethnicity, and common comor-
bidities such as cirrhosis, diabetes mellitus, hypertension, cor-
onary artery disease, chronic obstructive pulmonary disease
(COPD), and race. The goal was to create two cohorts that
were similar concerning these baseline characteristics, there-
by isolating the effect of PEth test results in the two cohorts.
Matching was done to reduce bias by ensuring the groups be-
ing compared shared similar characteristics. This allowed for
better isolation of the effect of the variable of interest.

Following propensity score matching, we conducted sev-
eral analyses to assess differences between the cohorts. We
employed odds ratio (OR) tests to compare the two cohorts.
Overall, these methods provided a robust framework for evalu-
ating the effects of PEth test results on related outcomes, en-
suring a thorough comparison.

Results

High PEth patients vs. low PEth patients

The cohort with PEth levels > 20 ng/mL (n = 2,114) had sig-
nificantly higher mortality (251 deaths, OR = 10.037). DT was
observed in 17 patients in the elevated PEth cohort but not in
the lower PEth cohort, preventing analysis due to insufficient
cell size. Colonoscopy or endoscopy procedures were more
frequent in the elevated PEth cohort (463 vs. 118; OR =4.744).
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Table 2. Patient Outcomes

Positive PEth results

Negative PEth results

Outcome (=20 ng/mL) (patient total) (£ 19 ng/mL) (patient total) xOe P-value
Mortality 251 deaths 28 6.759 - 14.906 <0.001
Delirium tremens 17 cases 0 cases N/A (low cell size) N/A
Endoscopy/colonoscopy 463 procedures 118 procedures 3.836 - 5.866 <0.001
Liver transplant listing 185 patients 112 patients 1.345-2.186 <0.001
Liver transplant rejection 22 cases 10 cases 1.045 - 4.684 0.033
Liver transplant complications 56 cases 20 cases 1.704 - 4.764 <0.001
Hepatorenal syndrome 84 cases 16 cases 3.168-9.293 <0.001
ICU admission 318 admissions 10 admissions 19.78 - 70.09 <0.0001
Hepatic encephalopathy 205 cases 151 cases 1.121-1.739 0.003
Sarcopenia 31 cases 10 cases 1.531 - 6.403 0.001

Cl: confidence interval; ICU: intensive care unit; PEth: phosphatidylethanol.

LT status was more common in the elevated cohort (185 vs.
112; OR = 1.714). LT rejection was higher in the elevated PEth
cohort (22 vs. 10; OR = 2.213). LT complications were higher
in the elevated cohort (56 vs. 20; OR =2.849), as was HRS (84
vs. 16; OR =5.426). ICU admissions were markedly higher in
the elevated cohort (318 vs. < 10; OR = 37.235), as was HE
(205 vs. 151; OR = 1.396). Sarcopenia was documented in 31
patients in the elevated cohort vs. 10 in the lower cohort (OR
=3.131) (Table 2).

Discussion

Our study demonstrated that positive PEth testing (> 20 ng/
mL), indicative of recent alcohol use, was associated with
significantly worse hospital outcomes. Patients in this cohort
experienced higher mortality, increased ICU admissions, and
greater prevalence of complications such as HRS, HE, and
LT rejection compared to those with lower PEth levels. These
findings support our hypothesis that recent alcohol consump-
tion, as measured by PEth, correlates with poorer clinical out-
comes in hospitalized patients.

Threshold levels considered typical of patients with chron-
ic AUD have been proposed, but absolute cut-offs have yet to
be determined [16]. In our study, PEth levels of 20 ng/mL or
higher were considered positive PEth test results, while 19 ng/
mL or lower were considered negative PEth test results. This
study examined the association between positive PEth testing
(= 20 ng/mL), an objective biomarker of recent alcohol use,
and hospital outcomes in patients. These findings highlight the
clinical utility of PEth testing for identifying high-risk patients.

Key findings and clinical implications

Positive PEth testing was associated with markedly worse out-
comes across multiple measures. Mortality risk was 10-fold
higher in the positive cohort compared to the negative cohort
(P < 0.001), supporting the link between recent alcohol use,
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advanced ALD, and increased mortality [14]. AUD is a major
contributor to morbidity and mortality, implicated in over 200
ICD-10 conditions [17]. The significantly higher rates of ICU
admission (P < 0.0001) and complications such as HE (P =
0.003) and HRS (P < 0.001) in the positive cohort underscore
the impact of ongoing alcohol use on disease progression.

DT, a life-threatening complication of alcohol withdrawal,
was observed exclusively in the positive PEth cohort, affecting
17 patients. DT, which occurs in 5-10% of alcohol-depend-
ent individuals, carries a mortality rate of 5-15% if untreated
[18]. The presence of DT in patients with positive PEth re-
sults underscores the ability of PEth testing to objectively
identify recent alcohol use, which is a critical risk factor for
alcohol withdrawal and its complications. Alcohol withdrawal,
particularly severe forms like DT, typically occurs when pa-
tients with recent heavy alcohol use suddenly reduce or stop
drinking, such as during hospitalization. PEth testing provides
an objective and quantifiable measure of recent alcohol con-
sumption, which can help clinicians identify patients at risk for
withdrawal syndromes even when self-reported alcohol use is
unreliable or underreported.

Unlike self-reported alcohol use, PEth testing is not sub-
ject to recall or social desirability biases, making it a more
reliable tool for identifying patients with AUD who may be
at heightened risk for adverse hospital outcomes like DT. By
proactively identifying these patients, clinicians can initiate
appropriate monitoring and preventive interventions, such as
early pharmacologic treatment for alcohol withdrawal, reduc-
ing the risk of DT and other severe complications.

The positive PEth cohort also required significantly
more endoscopic procedures (P < 0.001), reflecting a higher
prevalence of alcohol-related gastrointestinal conditions. Es-
ophageal and colorectal cancers, which rank among the most
common and deadliest gastrointestinal cancers globally, are
closely linked to alcohol use [19]. Incorporating PEth testing
into routine screening protocols could improve early detection
and management of such complications.

In the context of liver transplantation, patients with posi-
tive PEth results were more likely to be listed for transplant
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(P < 0.001), reflecting more advanced disease. LT rejection
was also significantly more frequent in this group (P = 0.033),
consistent with studies showing that chronic rejection remains
a major cause of graft failure despite advancements in immu-
nosuppressive regimens [20]. Postoperative LT complications,
including biliary tract issues, were nearly three times higher
in the positive PEth cohort (P < 0.001), reflecting the worse
outcomes observed in patients with recent alcohol use. This
finding highlights the association between positive PEth re-
sults and ongoing alcohol use or advanced liver disease, which
are well-known contributors to post-transplant complications.

Importantly, the measurement of PEth itself does not cause
or reduce complications; rather, it identifies a subgroup of pa-
tients at higher risk due to their recent alcohol use. PEth test-
ing serves as a valuable tool for objectively identifying these
patients, enabling closer monitoring and tailored interventions
to potentially mitigate post-transplant risks and improve out-
comes over time [13].

Sarcopenia, a condition linked to malnutrition and alco-
hol-related muscle protein depletion, was also significantly
more prevalent in the positive PEth cohort (P=0.001). The as-
sociation between alcohol use and sarcopenia underscores the
need for nutritional interventions and physical rehabilitation in
at-risk patients.

Addressing biases and study limitations

Several limitations and potential biases must be considered.
The cross-sectional design precludes establishing causality or
temporality between PEth levels and hospital outcomes. The
timing of PEth testing relative to clinical events remains un-
clear, raising the possibility of reverse causation. For example,
the “sick quitter” phenomenon, where patients with advanced
liver disease reduce alcohol consumption, could result in nega-
tive PEth tests despite prior heavy alcohol use. This phenom-
enon may lead to underestimation of the true impact of alcohol
on disease outcomes. Selection bias is another significant con-
cern. Patients undergoing PEth testing were likely those with
known or suspected AUD or ALD, inherently predisposing
this group to worse outcomes.

The use of a PEth threshold of > 20 ng/mL, while indicative
of any recent alcohol consumption, does not account for vary-
ing levels of alcohol use. Exploring higher thresholds could
provide a more nuanced understanding of the dose-response
relationship between alcohol use and clinical outcomes. Ad-
ditionally, the study did not include self-reported alcohol use,
which remains a practical tool in clinical settings despite its
susceptibility to recall and social desirability biases. Future
studies should compare self-reported data with PEth results to
evaluate the biomarker’s added value.

Strengths and future directions

This study’s strengths include the use of PEth, a reliable
biomarker for recent alcohol use, and the large sample size,
which enabled detailed subgroup analyses. However, prospec-

tive studies are needed to address the limitations of this study.
Longitudinal designs could clarify the temporal relationship
between PEth levels and clinical outcomes, helping to disen-
tangle the effects of alcohol use from disease progression. Ex-
ploring the predictive value of PEth testing for outcomes such
as ICU admission, mortality, and transplant rejection would
further validate its clinical utility.

Additionally, future research should investigate the inte-
gration of PEth testing into routine clinical workflows. This in-
cludes evaluating its cost-effectiveness, feasibility, and impact
on patient outcomes. For example, PEth testing could be used
to guide transplant eligibility decisions, monitor abstinence,
and identify patients at risk for alcohol-related complications.

Conclusions

Positive PEth testing, another direct biomarker of recent alco-
hol use, is strongly associated with worse hospital outcomes,
including higher mortality, increased ICU admissions, and
greater prevalence of complications such as HE, HRS, and LT
rejection. These associations are driven by ongoing alcohol
use, not by PEth testing itself. PEth serves as an objective tool
to identify patients with recent alcohol consumption, enabling
clinicians to recognize high-risk individuals who may benefit
from targeted interventions and closer monitoring. However,
the study’s limitations, including selection bias, lack of tempo-
rality, and absence of self-reported alcohol use data, must be
considered. Further research, particularly prospective studies,
is necessary to validate these findings and to refine the role of
PEth testing in improving the care and outcomes of patients
with AUD.

Supplementary Material

Suppl 1. ICD-10 codes, procedure codes, and CPT codes.
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