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Abstract

Objective: We aimed to examine biomarkers for screening unhealthy alcohol use in the trauma 

setting.

Summary and Background Data: Self-report tools are the practice standard for screening 

unhealthy alcohol use; however, their collection suffers from recall bias and incomplete collection 

by staff.

Methods: We performed a multi-center prospective clinical study of 251 adult patients who 

arrived within 24 hours of injury with external validation in another 60 patients. The Alcohol 

Use Disorders Identification Test served as the reference standard. The following biomarkers 

were measured: (1) phosphatidylethanol (PEth); (2) ethyl glucuronide; (3) ethyl sulfate; (4) 

gamma-glutamyl-transpeptidase; (5) carbohydrate deficient transferrin; and (6) blood alcohol 

This is an open access article distributed under the Creative Commons Attribution License 4.0, (CCBY), which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Corresponding Author and Request for reprints: Majid Afshar, MD, MSCR, 1685 Highland Avenue, H4/616, Madison, WI 53597, 
Phone: 608-263-0661, majid.afshar@wisc.edu. 

HHS Public Access
Author manuscript
Ann Surg. Author manuscript; available in PMC 2022 September 10.A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


concentration (BAC). Candidate single biomarkers and multivariable models were compared by 

considering discrimination (AUROC). The optimal cutpoint for the final model was identified 

using a criterion for setting the minimum value for specificity at 80% and maximizing sensitivity. 

Decision curve analysis was applied to compare to existing screening with BAC.

Results: PEth alone had an AUROC of 0.93 (95% CI: 0.92–0.93) in internal validation with an 

optimal cutpoint of 25 ng/mL. A 4-variable biomarker model as well as the addition of any single 

biomarker to PEth did not improve AUROC over PEth alone (p>0.05). Decision curve analysis 

showed better performance of PEth over BAC across most predicted probability thresholds. In 

external validation, sensitivity and specificity were 76.0% (95% CI: 53.0%−92.0%) and 73.0% 

(95% CI: 56.0%–86.0%), respectively.

Conclusion and Relevance: PEth alone proved to be the single best biomarker for screening 

of unhealthy alcohol use and performed better than existing screening systems with BAC. PEth 

may overcome existing screening barriers.

MINI ABSTRACT

Among six candidate alcohol biomarkers, Phospatidylethanol (PEth) alone proved to be the single 

best biomarker for screening with excellent discrimination and calibration. A cutoff of 25 ng/mL 

had a sensitivity above 75% in both internal and external validation across two Level I trauma 

centers. PEth showed improvement over existing blood alcohol screening.

INTRODUCTION

Unhealthy alcohol use is the leading cause of premature mortality in the United States (US)1 

with death rates rising since 1997.2 Alcohol-related health consequences contributed to an 

increasing number of Emergency Department (ED) visits in the US between 2006 and 2014, 

and acute care settings carry the highest prevalence of individuals with unhealthy alcohol 

use.3 These data highlight the need for effective measures in screening to provide secondary 

prevention in high prevalence settings such as the ED and trauma center.

Currently, Level I and II trauma centers are required by the American College of Surgeons 

Committee on Trauma to provide brief interventions for patients who screen positive for 

unhealthy alcohol use, and programs such as Screening and Brief Intervention (SBI) are 

recommended.1, 4 Between one-third and one-half of patients in trauma centers arrive with 

detectable blood alcohol concentrations (BAC). Providing SBI can reduce trauma recidivism 

by nearly 50 percent and is cost-effective in some studies but the evidence remains mixed 

and not consistent as others have shown no benefit.5–7

Self-report methods such as the Alcohol Use Disorders Identification Test (AUDIT) are the 

current practice standard for screening unhealthy alcohol use and are recommended by the 

United States Preventive Services Task Force.8 However, questionnaires suffer from recall 

bias, social desirability, and barriers to communication, as well as limitations due to staffing 

of screeners for routine collection. BAC is another commonly employed screening approach, 

but it quickly becomes undetectable and carries a high false-negative rate. Indirect alcohol 

biomarkers such as gamma-glutamyl transpeptidase (GGT) and carbohydrate-deficient 
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transferrin (CDT) are potential solutions but are confounded by sex, age, nonalcohol 

comorbidities, and acute organ dysfunction.9

Direct alcohol biomarkers are promising measures for alcohol consumption. Ethyl 

glucuronide (EtG) and ethyl sulfate (EtS) are biomarkers found in body fluids and 

urine that can detect alcohol consumption that has been consumed several days prior.10 

Phosphatidylethanol (PEth) is an ethanol metabolite formed in the red blood cell membrane 

and has a half-life up to 28 days after alcohol consumption. PEth has been validated to 

identify both acute and chronic alcohol consumption patterns in a variety of ambulatory care 

settings.11–13 Many direct alcohol biomarkers have not been evaluated in trauma centers. 

We hypothesized PEth would provide the best screening metrics among direct and indirect 

alcohol biomarkers for unhealthy alcohol use in the trauma setting.

METHODS

Study Setting and Criteria

The study was conducted at two Level I Trauma Centers in Illinois and California. 

Loyola University Medical Center (LUMC) served as the site for development and internal 

validation while the Zuckerberg San Francisco General (ZSFG) Hospital & Trauma Center 

affiliated with the University of California San Francisco (UCSF) served as the external 

validation site. The Institutional Review Boards of LUMC and UCSF approved this study.

At LUMC, patients were screened and informed consent was obtained between August 

2017 and April 2019. At UCSF, patients were screened and informed consent was obtained 

between April 2019 and December 2019. Currently, LUMC and UCSF use BAC for 

screening patients in their trauma center. Patients eligible for inclusion were adults (> 18 

years) who arrived within 24 hours of injury. Patients were excluded if any of the following 

criteria were met: (1) death expected due to injuries within 48 hours of admission as 

assessed by the admitting physician; and (2) pregnancy state.

Sample Size Calculation

At LUMC, study recruitment was guided by an expected 30% prevalence of unhealthy 

alcohol use based on prior epidemiology3,5,7 and an AUROC of 0.80 for the best 

biomarker(s). Accounting for dropout and missing data, recruitment of 250 patients was 

planned to achieve a two-sided 95% Confidence Interval (CI) of (0.70, 0.90). At UCSF, a 

convenience sample was collected until study completion on December 31, 2019.

Reference Standard for Screening Unhealthy Alcohol Use

The AUDIT is currently recommended in the trauma setting for screening unhealthy alcohol 

use.14 It is a 10-item questionnaire that scores risky alcohol use on a scale from 0 to 4015 

with sex-specific cut-points providing better validation in injured patients.20 We defined 

unhealthy alcohol use by applying the sex-specific cutpoints of ≥5 and ≥8 for females and 

males to capture the lower limit of risk groups for unhealthy alcohol use. Some patients 

were not able to self-report so proxy reporting was used and has previously been validated to 

perform similarly to self-report.21
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Alcohol Biomarker Assays

Blood and urine samples were obtained within 24 hours of presentation and the following 

biomarkers were measured: (1) dried whole blood spot PEth16:0/18:1; (2) urine EtG; (3) 

urine EtS; (4) serum GGT; (5) serum CDT; and (6) BAC. PEth samples from dried blood 

spot collections were analyzed at United States Drug Testing Laboratories (Des Plaines, 

IL) using liquid chromatography-mass spectrometry as previously described.18 This method 

assays a single isomer of PEth (palmitoyl/oleoyl), a phospholipid containing 16:0 and 

18:1 fatty acids and is the most prevalent PEth homologue in human blood. The limit of 

detection is 2 ng/mL, the limit of quantitation is 8 ng/ml and the assay is linear up to 800 

ng/mL. The nurse provider collected the venous whole blood sample into an EDTA tube for 

refrigerated storage. The blood samples were retrieved by research staff on the same day 

and 40 microliters (uL) was pipetted onto the PEth dry blood spot cards into five spots for 

a total of 200 uL. The collection kits provided by the testing laboratory, United States Drug 

Testing Laboratories (USDTL), included a blood spot drying box for storage and transport. 

All samples were sent to USDTL via paper envelopes and in accordance with lab protocol 

with a stated integrity of one year at room temperature for the blood spot cards.

BAC was measured using the hospital’s clinical laboratory headspace gas chromatography 

method with flame ionization detection. GGT, CDT, and urine samples were sent to an 

outside laboratory (Quest Diagnostics, Chantilly, VA) within 72 hours of sample collection. 

Blood was immediately centrifuged, and serum was separated and stored at 4° Celsius 

until assayed for GGT and CDT. GGT activity in the sample is directly proportional to the 

change in absorbance at 410/480 nm due to the formation of 5-amino-2-nitrobenzoate.19 

Serum analysis to report levels of %CDT used rate-nephelometric determination after anion 

exchange separation.20

Urine samples of EtG and EtS were measured using high performance liquid 

chromatography-mass spectrometry. Levels at <500 ng/mL for EtG and <100 ng/mL for 

EtS were considered negative. The analytical measurement range was validated up to 10,000 

ng/mL and linear to 200,000 ng/ml. The concentration of urine may artificially increase 

EtG and EtS so normalization was performed using measures of urine creatinine, and values 

standardized to a concentration of 100 mg/dL. Normalized EtG and EtS were calculated as 

100/Urine Creatinine × Urine EtG/EtS.

Analysis Plan

Statistical tests to compare patient characteristics across sites were conducted using chi­

square tests for proportions and Wilcoxon-Mann Whitney tests for quantitative variables 

(Table 1). P-values less than 0.05 were considered statistically significant.

Biomarker levels had highly skewed distributions so analyses included both raw values 

and natural log-transformed values. Missing data occurred in less than 7% of any single 

biomarker with BAC having the greatest frequency of missing data (n=16, 6.3%). Analyses 

included a multiply imputed and log-transformed dataset as well as raw values (complete 

case analysis). A bootstrapping and expectation-maximization algorithm produced five 

imputed datasets with estimates combined by Rubin’s rule.
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The association of each biomarker with unhealthy alcohol use was assessed in univariate 

logistic regression with beta coefficients representing an increase of one standard deviation 

of each biomarker. To identify the best combination of biomarkers, variable screening 

was performed with the Least Absolute Squares Selection Operation (LASSO) across 

the log-transformed and imputed datasets.21 Confidence intervals were developed with 

100-iterations of a bootstrap procedure. The amount of shrinkage was tuned using 10-fold 

cross-validation. The general shrinkage averaging estimation was applied across the M 
imputed datasets to combine shrinkage estimators with different tuning parameters. Variable 

importance sums the weights wk of the candidate model Mk that contain the relevant 

variable with the measure averaged over the M imputed data sets. The Variable Importance 

measure is a range between 0 (unimportant) and 1 (very important)22 and was used to derive 

a multi-biomarker model. Multicollinearity among the biomarkers was also assessed using 

variance inflation factor (VIF) and correlation matrices.

Candidate biomarker(s) were compared by considering discrimination (AUROC), 

calibration, and decision curve analysis. AUROC comparisons between the models were 

performed using the DeLong method.23 The net reclassification improvement (NRI) 

and integrated discrimination improvement (IDI) measures were used to examine the 

improvement in model performance with addition of biomarkers to the best baseline 

biomarker. Goodness-of-fit was formally assessed by the Hosmer–Lemeshow test and 

verified visually with calibration plots. For internal validation of the accuracy estimates, 

200 bootstrap resamples were used to include a deflation factor for performance optimism.

Decision curve analysis was applied to examine the net benefit of the best derived biomarker 

against BAC. Net benefit is a decision analytic measure that puts benefits and harms on 

the same scale and is useful for clinical decisions. Net benefit is measured by sensitivity × 

prevalence – (1 – specificity) × (1 – prevalence) × w, where w is the odds at the threshold 

probability.24 Net benefit is plotted against threshold probabilities to yield a decision curve 

to weigh the relative harms of false-positive and false-negative screens.

Test characteristics including sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) and their 95% CI were evaluated across all predicted 

probabilities for the complete case analyses. The optimal cutpoint for the final model 

was identified using a criterion for setting the minimum value for specificity at 80% and 

maximizing sensitivity. The final model and optimal cutpoint for the best biomarker(s) were 

externally validated in an independent Level I Trauma Center (UCSF). We followed the 

2015 guideline for Transparent Reporting of a multivariable Prediction model for Individual 

Prognosis Or Diagnosis (TRIPOD) (Supplemental Table 1, http://links.lww.com/SLA/

C957). 25 Statistical analyses were performed using R software version 3.3.1 (R Core Team).

RESULTS

The development site enrolled 251 patients and 80 (31.9%) had unhealthy alcohol use 

(according to AUDIT scores) (Figure 1). The external validation site enrolled 60 patients and 

23 (38.3%) had unhealthy alcohol use. Differences between sites included an older cohort 

at LUMC with more blunt mechanism injuries and lower rates of co-substance use than 
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UCSF (p<0.05 for all comparisons). Further, patients from LUMC had a shorter length of 

stay and a greater proportion were discharged home (p<0.05 for all comparisons) (Table 1). 

The UCSF group had a higher median injury severity score and a greater frequency with at 

least mild abdominal injury (p<0.01). In the unhealthy alcohol group, the median PEth level 

at LUMC was 227.0 ng/mL (IQR: 94.8 – 565.0) whereas the median level at UCSF was 95.0 

ng/mL (IQR: 25.0 – 331.50).

Within the development cohort, patients with unhealthy alcohol use had greater levels of 

all biomarkers than the group without unhealthy alcohol use (Table 2). There was a linear 

relationship between log-transformed biomarkers with log odds of unhealthy alcohol use 

(Supplemental Table 1, http://links.lww.com/SLA/C957). The LASSO procedure identified 

a 4-variable model with PEth, BAC, CDT, and GGT. A one-standard deviation increase in 

log-transformed PEth was strongly associated with unhealthy alcohol use (OR 8.82; 95% 

CI: 4.56 – 13.09) (Table 2). In a full main effects model with all biomarkers, urine EtG 

and Urine EtS had high measures of multicollinearity measured by VIF values greater 

than 16 and were strongly correlated to BAC and PEth (p<0.01) (Supplemental Table 2, 

http://links.lww.com/SLA/D38). All other biomarkers had a VIF of less than 3. The variable 

importance measure was greatest for PEth and BAC among candidate biomarkers (Table 2).

PEth alone had an AUROC of 0.93 (95% CI: 0.90–0.96), and the addition of any single 

biomarker to PEth did not improve AUROC over PEth alone (Table 3). Reclassification as 

measured by NRI and IDI were marginally improved with the addition of BAC and the 

addition of urinary biomarkers to PEth. No improvement was shown in AUROC of the 

4-variable model over PEth alone and marginal improvement was shown in NRI and IDI in 

the complete case analysis only (Table 3).

An optimal cutpoint of 25 ng/dL was identified for PEth and demonstrated a sensitivity 

and specificity of 95.0% (95% CI: 88.0%–99.0%) and 80.0% (95% CI: 73.0%–85.0%), 

respectively. The PPV and NPV were 68.5% (95% CI: 65.2% – 77.3%) and 97.1% 

(95% CI: 93.3% – 99.0%), respectively. At this cutpoint, PEth had a 1.6% (n=4) false­

negative rate and 13.9% (n=35) false-positive rate. In the false-positive cases, 34.3% (n=12) 

had a detectable BAC and 22.9% (n=8) had BAC levels above 80 mg/dL. A table of 

cutpoints across a range of predicted probabilities is shown in Supplemental Table 2 (http://

links.lww.com/SLA/D38). In sensitivity analysis, patients that received packed red blood 

cell transfusion (n=13, 5.2%) were removed from analysis and no change in AUROC 

was found. At a cutpoint of 25 ng/dL, sensitivity and specificity were 95.5% (95% CI: 

87.0%99.0%) and 80.0% (95% CI: 73.0%–86.0%), respectively. The PPV and NPV were 

69.0% (95% CI: 59.0%–78.8%) and 97.0% (95% CI: 93.0%–99.0%).

BAC was worse than PEth at discriminating unhealthy alcohol use with an AUROC of 

0.81 (95% CI: 0.76–0.87, p<0.01). Decision curve analysis showed better performance of 

PEth over BAC across most predicted probability thresholds, with greatest net benefit in 

borderline cases (Figure 2). Urine EtG and EtS carried the next highest AUROC after PEth 

but were significantly lower with an AUROC of 0.86 (95% CI: 0.81–0.91, p=0.01) and 0.86 

(95% CI: 0.81–0.91, p=0.02), respectively.
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Internal validation from LUMC with bootstrap optimism demonstrated an AUROC of 0.93 

(95% CI: 0.92 – 0.93). The PEth model fit the data well (p=0.98). A plot of calibration 

also demonstrates good fit (Supplemental Figure 1a, http://links.lww.com/SLA/D39) with a 

calibration slope of 1.0 (95% CI: 0.77–1.29) for log-transformed PEth.

In external validation, the AUROC for PEth was 0.83 (95% CI: 0.72 – 0.94) with a 

calibration slope of 1.0 (95% CI: 0.54–1.58) and a calibration plot that demonstrates the 

model fit the data well (p=0.35) (Supplemental Figure 1b, http://links.lww.com/SLA/D39). 

The AUROC of PEth remained greater than BAC, which had an AUROC of 0.67 (95% CI: 

0.52 – 0.82, p<0.01). At the optimal cutpoint of 25 ng/mL, the sensitivity and specificity 

were 76.0% (95% CI: 53.0% - 92.0%) and 73.0% (95% CI: 56.0% - 86.0%), respectively. 

The PPV and NPV were 62.0% (95% CI: 41.0% - 80.0%) and 84.0% (95% CI: 67.0% - 

95.0%), respectively. Approximately 80% (n=8) of the false-positives had detectable BAC 

levels and all but two were above 80 mg/dL.

DISCUSSION

In our study, we tested alcohol biomarkers individually and in combination for screening 

unhealthy alcohol misuse. PEth alone proved to be the single best biomarker for screening 

with excellent discrimination and calibration. A cutoff of 25 ng/mL had a sensitivity above 

75% in both internal and external validation. Many of the false positives were likely due 

to underreporting from the AUDIT, and PEth showed improvement over the existing BAC 

screen. PEth collection with a dried blood spot from a lancet stick or vascular access is 

feasible for SBI programs at trauma centers.

PEth variability and range varied between trauma sites. We ascribe some of the variability 

to differences in trauma center characteristics. Additional variability may be attributed to 

patient-level characteristics with the formation and elimination of PEth.26 Although the PPV 

was around 65% at both sites, we noted many of the false-positives had BACs above the 

level for legal intoxication. One study described individuals who reported 30-day abstinence 

but still had detectable PEth levels, suggestive of underreported drinking.27 PEth may 

capture cases of unhealthy alcohol use that are not captured during self-report.28, 29

PEth carried one of the highest variable importance measures in deriving a multivariable 

model. Among the candidate biomarkers, PEth was strongly associated with unhealthy 

alcohol use with an odds ratio nearly eight-fold higher than the next highest biomarker. In 

decision curve analysis, PEth performed better than our current screening program using 

BAC. More cases were detected in the lower predicted probabilities where BAC may be 

undetectable. As an ethanol metabolite, PEth is detectable after alcohol intake, where it 

has demonstrated a dose dependent correlation with single use.30, 31 In healthy volunteers, 

PEth could detect moderate alcohol use (16 grams of ethanol) with better performance at 

discriminating between abstinence and moderate consumption than CDT or GGT.32 Other 

studies have supported the superiority of PEth over CDT and GGT.33, 34 Indirect biomarkers 

like CDT and GGT can be affected by liver dysfunction, but PEth has not been shown to be 

affected by liver dysfunction16 since its formation is in red blood cells and independent of 

liver function.
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Urinary EtG and EtS are available at commercial laboratories and even include rapid 

dipstick analysis with a qualitative immunoassay, but results can be affected by acute kidney 

injury.35, 36 Urine EtG and EtS have shown benefit in detecting unhealthy alcohol use 

in patients who arrive to the ED with undetectable BAC37, but our results show a lower 

AUROC than PEth. One study showed potential benefit in EtG and EtS over PEth but 

metrics at reclassification were not applied and improvement for screening rates were not 

addressed.38 Our data suggest the urinary biomarkers are highly correlated with PEth and 

BAC and do not offer improvement in discrimination nor added value in a multi-biomarker 

model. Our LASSO approach derived a 4-variable model with PEth, CDT, GGT, and 

BAC but showed no improvement in AUROC over PEth alone and little improvement in 

reclassification. Similar to our results, other studies have shown little added benefit of 

additional biomarkers to PEth.12, 39

Cutpoints for PEth have varied by clinical settings where the severity of unhealthy alcohol 

use may differ.3, 40 Higher cutpoints than those we propose have previously been reported; 

however, they have not been evaluated in the trauma setting.10, 41 A national laboratory in 

Sweden set 210 ng/ml and another study in a mixed cohort of critically ill and alcohol use 

disorder patients set 250 ng/mL as the cutpoint for unhealthy alcohol use.42 Lower PEth 

levels in acute care settings have also been described, and reports of cutpoints between 20 

and 80 ng/ml have been proposed but none provided external validation for a screening 

tool.10, 13, 43 We opted for a lower cutpoint of 25 ng/mL to maximize sensitivity in 

preference for an optimal screening test, and this continued to perform well in external 

validation.

Several limitations occur in our study. First, PEth is comprised of a group of phospholipids 

formed in the presence of alcohol by the enzyme phospholipase D and multiple homologues 

exist. Others have shown that certain PEth homologues have different pharmacokinetics 

and the combination of PEth homologues may provide more information than the single 

16:0/18:1 homologue used in this study.44–47 Red blood cell transfusions in trauma settings 

may also affect PEth levels; however, patients enrolled in our study had minimal red blood 

cell transfusion requirements and sensitivity analysis showed PEth performance did not 

change when patients that received blood transfusions were excluded from analysis. Effects 

on hemoglobin from chronic disease have also been suggested to influence results, but prior 

evidence has not confirmed an effect on PEth’s performance48, and our comparison groups 

had no major differences in hemoglobin levels. The sensitivity of PEth has greatly improved 

with recent development and validation of the liquid chromatography-mass spectrometry 

assay.49 This assay is not routinely available in clinical laboratories so point-of-care 

screening may not be pragmatic for some centers. Lastly, while we demonstrate predictive 

validity for PEth as a screening tool, we acknowledge prospective studies are needed to 

examine its role in SBI programs to provide meaningful health outcomes.

CONCLUSION

In this study, we examine the predictive performance of PEth over existing alcohol 

biomarkers for screening unhealthy alcohol use across two Level I trauma centers. Using 
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an optimal cutpoint of 25 ng/mL in PEth can overcome existing barriers to screening, and 

help identify patients at-risk for deleterious health outcomes from unhealthy alcohol use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Patient Flow Diagram at Development/Internal Validation Site

Afshar et al. Page 13

Ann Surg. Author manuscript; available in PMC 2022 September 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Decision Curve Analysis between PEth and Blood Alcohol Concentration for Screening 

Unhealthy Alcohol Use

PEth = phosphatidylethanol; BAC = blood alcohol concentration. Decision curve analysis 

was applied to examine the net benefit of the best derived biomarker against BAC. Net 

benefit is a decision analytic measure that puts benefits and harms on the same scale and 

is useful for clinical decisions. Net benefit is measured by sensitivity × prevalence – (1 

– specificity) × (1 – prevalence) × w, where w is the odds at the threshold probability. 

Net benefit is plotted against threshold probabilities to yield a decision curve to weigh the 

relative harms of false-positive and false-negative screens. The diagram shows the scenarios 

for all screened (grey line) and none screened (dark black line) as well.

Afshar et al. Page 14

Ann Surg. Author manuscript; available in PMC 2022 September 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Afshar et al. Page 15

Table 1.

Patient Characteristics at Development/Internal Validation Site and External Validation Site

Development/Internal Validation Site (n=251) External Validation Site (n=60) p-value

Demographics

Age in years, median (IQR) 53.0 (33.5 – 65.0) 38.0 (29.0 – 54.0) <0.01

Male sex, n (%) 187 (74.5) 50 (83.3) 0.20

Hispanic ethnicity, n (%) 52 (20.7) 21 (37.5) 0.01

White race, n (%) 155 (61.8) 33 (55.0) 0.42

Comorbidities/Conditions

Unhealthy Alcohol Use, n (%) 80 (31.9) 23 (38.3) 0.42

Drug Misuse, n (%) 37 (14.7) 17 (28.3) 0.02

Cirrhosis, n (%) 3 (1.2) 1 (1.7) 0.99

Psychosis, n (%) 16 (6.4) 15 (30.6) <0.01

Trauma Characteristics

Admission Systolic BP, median (IQR) 128 (117 – 142) 122 (96 −145) 0.03

PRBC transfused (ml), median (IQR) 0 (0 – 0) 0 (0 – 1487.5) <0.01

Mechanism (Blunt), n (%) 212 (84.5) 33 (55.0) <0.01

Glasgow Coma Scale <13, n (%) 27 (10.8) 10 (17.2) 0.26

ISS, median (IQR) 8.0 (4.0 – 10.0) 14.0 (4.8 – 26.8) <0.01

AIS Abdomen > 1, n (%) 26 (10.4) 27 (45.0) <0.01

Liver Laceration, n (%) 8 (3.2) 5 (8.3) 0.15

Laboratory Data

Positive BAC, n (%) 63 (26.8) 23 (45.1) 0.02

Positive Cannabis, n (%) 36 (14.3) 18 (36.0) <0.01

Positive PEth, n (%) 136 (54.2) 34 (58.6) 0.64

Hemoglobin (gm/dL), median (IQR) 13.7 (12.4 – 14.7) 13.4 (12.1 – 14.8) 0.66

Hospital Characteristics

Length of Stay, median (IQR) 3 (1 – 7) 9 (5 – 19) <0.01

ICU Length of stay, median (IQR) 0.5 (0.0 −3.0) 3.0 (0.0 – 6.0) <0.01

Discharge Status

Expired, n (%) 0 (0) 3 (5.0)

Home, n (%) 192 (76.5) 37 (61.7) <0.01

Skilled Nursing/Rehab, n (%) 49 (19.5) 9 (15.0)

Otherv 10 (4.0) 11 (18.3)

Development/internal validation site at Level 1 Trauma Center of Loyola University Medical Center. External validation site at Level 1 Trauma 
Center of Zuckerberg San Francisco General Hospital & Trauma Center. Comorbidities except for unhealthy alcohol use based on diagnostic codes 
and billing codes. BP = blood pressure; PEth = phosphatidylethanol; PRBC = packed red blood cell transfused in first 24 hours of arrival to trauma 
center; Other = against medical advice, psychiatry service, policy custody, nursing home; Unhealthy alcohol use = Alcohol Use Disorders Test 
(AUDIT) > 5 for females and >8 for males; BAC = blood alcohol concentration; ISS = injury severity score; AIS Abdomen >1 = abbreviated injury 
score with a score of at least mild injury; liver lacerations include any grade; ICU = intensive care unit
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Table 2.

Alcohol Biomarkers with Univariable Characteristics and Variable Importance at Development/Internal 

Validation Site

Biomarker

Univariable Raw Median Values (IQR) and Odds Ratios (95% CI) Multivariable 
LASSO Biomarker 
Model Odds Ratio 

(95% CI)

Variable 
Importance 

Measure
No Unhealthy 
Alcohol Use

Unhealthy 
Alcohol Use p-value Univariable Odds 

Ratio

PEth (ng/mL) 0.0 (0.0–19.0) 227.0 (94.8–
565.5) <0.01 15.12 (14.43–

15.81) 8.82 (4.56 – 13.09) 1.0

BAC (mg/dL) 0.0 (0.0–0.0) 98.0 (0.0–227.0) <0.01 4.52 (4.41–4.90) 1.27 (0.80 – 1.74) 1.0

CDT (%) 1.7 (1.5–1.9) 2.1 (1.7–3.1) <0.01 2.49 (2.14–2.84) 1.04 (0.96 – 1.13) 0.91

GGT (units/L) 18.0 (12.3–27.5) 31.0 (21.0–70.0) <0.01 2.69 (2.33–3.05) 1.30 (0.79 – 1.81) 0.80

Urine EtS 
(ng/mL) 0.0 (0.0–0.0) 7060.6 (530.0–

24130.0) <0.01 5.47 (5.10–5.85) Not selected 0

Urine EtG 
(ng/mL) 0.0 (0.0–0.0) 8933.6 (688.9–

90005.1) <0.01 5.57 (5.19–5.95) Not selected 0

PEth = phosphatidylethanol 16:0/18:1; EtG = urine ethyl glucuronide normalized with urinary creatinine; EtS = urine ethyl sulfate normalized for 
urinary creatinine; GGT = serum gamma-glutamyl-transpeptidase; %CDT = percent serum carbohydrate deficient transferrin. Variable importance 
sums up the weights wk of the candidate model Mk that contain the relevant variable with the measure averaged over the M imputed data sets. The 

Variable Importance measure is a range between 0 (unimportant) and 1 (very important). Based on variable important a 4-variable model with PEth, 
BAC, CDT, and GGT was chosen. Multivariable model derived with Least Absolute Shrinkage and Selection Operator (LASSO) to represent odds 
ratios for selected biomarkers with odds ratios (OR) reported as each standard deviation increase in the biomarker of interest. The variables in the 
multivariable model were log-transformed and multiply imputed with Rubin’s rule.
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Table 3.

PEth as optimal baseline biomarker and comparisons to models with additional biomarkers

Biomarker Model AUROC (95%CI) Continuous NRI (95% CI) Continuous IDI (95% CI)

PEth Only Model

Imputed/log-transformed 0.93 (0.90–0.96) - -

Complete Case Analysis 0.93 (0.90–0.96) - -

PEth and BAC Model

Imputed/log-transformed 0.93 (0.90–0.97) 0.39 (0.13–0.62)* 0.03 (0.01–0.05)*

Complete Case Analysis 0.93 (0.90–0.97) 0.82 (0.58–1.06)* 0.06 (0.020–.10)*

PEth and GGT Model

Imputed/log-transformed 0.93 (0.89–0.96) 0.23 (−0.03–0.48) −0.02 (−0.04–0.00)

Complete Case Analysis 0.92 (0.88–0.95) 0.07 (−0.15–0.29) 0.01 (−0.01–0.03)

PEth and CDT Model

Imputed/log-transformed 0.93 (0.90–0.96 0.19 (−0.06–0.43) −0.02 (−0.04–0.00)

Complete Case Analysis 0.92 (0.88–0.96) −0.08 (−0.36–0.20) 0.01(−0.01–0.02)

PEth and Urine EtG Model 

Imputed/log-transformed 0.94 (0.92–0.97) 0.79 (0.55–1.03)* 0.02 (0.01–0.04)*

Complete Case Analysis 0.94 (0.91–0.97) 0.45 (0.24–0.67)* 0.03 (−0.01–0.07)

PEth and Urine EtS Model 

Imputed/log-transformed 0.94 (0.91–0.97) 0.54 (0.31–0.78)* 0.01 (−0.01–0.02)

Complete Case Analysis 0.94 (0.91–0.97) 0.45 (0.24–0.67)* 0.03 (−0.01–0.07)

Multivariable Model PEth + BAC + GGT+ CDT 

Imputed/log-transformed 0.93 (0.90–0.97) −0.04 (−0.3 – 0.23) 0.00 (−0.01 – 0.02)

Complete Case Analysis 0.90 (0.85–0.95) 0.67 (0.41–0.94)* 0.07 (0.02–0.12)*

*
p<0.05

AUROC = area under the receiver operating characteristic curve; NRI = net reclassification index; IDI = integrated discrimination index; PEth = 
phosphatidylethanol 16:0/18:1; EtG = urine ethyl glucuronide normalized with urinary creatinine; EtS = urine ethyl sulfate normalized for urinary 
creatinine; GGT = serum gamma-glutamyl-transpeptidase; %CDT = percent serum carbohydrate deficient transferrin Complete case analysis of 
4-variable model after cross-validated selection operation for selecting biomarkers across imputed and long-transformed datasets. Complete case 
analysis of 4-variable model with sample size n=208. Multivariable model selected after LASSO performed on multiply imputed datasets and 
variable important averaged. Both EtG and EtS add nearly no importance and were excluded from the final selection of combination biomarkers for 
evaluation.
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