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Simple Summary: The postoperative complication rate is high (30–64%) among patients undergoing
major surgery for bladder cancer, and significantly increased for patients with a high alcohol use at
the time of surgical intervention. Several markers have been used to estimate alcohol use—including
questionnaires and biomarkers. The aim of this study was to evaluate the accuracy for identifying
preoperative alcohol use of four markers (one questionnaire and three biomarkers) relative to the
standard method (Timeline Follow Back interviews). This was done in a sample of 94 patients sched-
uled for major bladder cancer surgery. We found none of the tested markers were sufficiently reliable
to identify preoperative risky alcohol use and, for now, the standard procedure seems preferable.

Abstract: Background: The postoperative complication rate is 30–64% among patients undergoing
muscle-invasive and recurrent high-risk non-muscle-invasive bladder cancer surgery. Preoperative
risky alcohol use increases the risk. The aim was to evaluate the accuracy of markers for identifying
preoperative risky alcohol. Methods: Diagnostic test sub-study of a randomized controlled trial
(STOP-OP trial), based on a cohort of 94 patients scheduled for major bladder cancer surgery. Identi-
fication of risky alcohol use using Timeline Follow Back interviews (TLFB) were compared to the
AUDIT–C questionnaire and three biomarkers: carbohydrate-deficient transferrin in plasma (P–CDT),
phosphatidyl-ethanol in blood (B–PEth), and ethyl glucuronide in urine (U–EtG). Results: The corre-
lation between TLFB and AUDIT–C was strong (ϱ = 0.75), while it was moderate between TLFB and
the biomarkers (ϱ = 0.55–0.65). Overall, sensitivity ranged from 56 to 82% and specificity from 38 to
100%. B–PEth showed the lowest sensitivity at 56%, but the highest specificity of 100%. All tests had
high positive predictive values (79–100%), but low negative predictive values (42–55%). Conclusions:
Despite high positive predictive values, negative predictive values were weak compared to TLFB.
For now, TLFB interviews seem preferable for preoperative identification of risky alcohol use.

Keywords: alcohol drinking; cancer surgery; Timeline Follow Back; AUDIT–C; CDT; EtG; PEth;
diagnostic; test performance; biomarkers

1. Introduction

Radical cystectomy (RC) with pelvic lymphadenectomy and urinary diversion is the
standard surgical treatment for muscle-invasive bladder cancer and recurrent high-risk
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non-muscle-invasive bladder cancer. The complication rate is between 30 and 64% [1],
and is significantly increased for patients with high alcohol use at the time of surgical
intervention [2]. Drinking even a few drinks per day is associated with significantly in-
creased postoperative morbidity of approximately 50% and approximately a 100% increase
in mortality after surgery [2]. This surgical risk is in line with that originating from severely
compromised cardiac and lung function. The impact of alcohol use in relation to the surgi-
cal outcome does not seem to differ among men and women and so far, about two drinks
per day seems to be clinically accepted as the cut-off value. However, no safe use has been
identified as reflected in the preoperative risk evaluation from the American Society of
Anesthesiologists (ASA), which categorizes only persons with no or little alcohol use in the
low-risk group [3,4].

The mechanisms behind this increased risk of postoperative complications include
alcohol-initiated and subclinical dysfunction of several organ systems of major importance
for the surgical intervention. Alcohol impairs the immune capacity, the cardiac function,
the hemostatic balance as well as the stress response to the surgical intervention [5].

Still more evidence has been gathered about surgical risk reduction by quitting drink-
ing at least four weeks prior to surgery [6]. The reduction in postoperative complications is
based on the recovery from the organ dysfunctions during alcohol abstinence. However, a
similar effect of reducing alcohol use remains to be demonstrated [7,8].

Identification of present alcohol use is a major challenge worldwide, despite the
development of several tools to support identification in the clinical setting. The most
common surgical routine is to ask the patients about their present daily or weekly use
before the operation. Ascertaining present alcohol use can be improved by systematic use of
the structured Timeline Follow Back (TLFB) model, covering use over the past 28 days [9].
A shorter timeline covering the past week only has been recommended for the surgical
setting [10].

The questionnaire ‘alcohol use disorder identification test’ (AUDIT) in full or in the
short form (AUDIT–C) is another tool used across healthcare sectors [11]. The AUDIT–C is
a scaled marker and contains three questions on intake, frequency, and binge drinking over
the last 12 months, however without the ability to reflect important changes like successful
quitting four weeks prior to surgery [12].

Biomarkers for alcohol use have the advantage of being independent of recall bias,
which may seem to be an attractive alternative. The most frequently used biomarker is the
blood alcohol concentration, which is detectable only until the alcohol is metabolized. Other
biomarkers include carbohydrate-deficient transferrin in plasma (P–CDT), phosphatidyl-
ethanol in blood (B–PEth) [13], and ethyl glucuronide in urine (U–EtG) [14]. They have a
longer detection window than blood alcohol concentration, but their different characteristics
impact the interpretation and thereby the usability prior to surgery (Table 1).

Table 1. Characteristics of the biomarkers frequently used to identify risky alcohol use.

Biomarkers Carbo-Deficient Transferrin
(CDT) [13,15–17]

Phosphatidyl-Ethanol
(PEth) [16–19]

Ethyl Glucuronide (EtG)
[16,17,20–22]

Half-life 2 weeks 4 days 2–3 h
Influenced by:

Memory - - -
Liver disease + - -
Dehydration + - Unknown

Diuresis - - +
Blood transfusion + + +

Intake for a positive result ~5 drinks/day for 2 weeks ~2–3 drinks/day for a few
days Any recent intake

Cut off value >2% CDT/transferrin ≥0.050 µmol/L >0.5 mg/L
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P–CDT refers to sialic acid-deficient forms of transferrin formed in the liver. It is
a clinically used biomarker for distinguishing an intake of 50–80 g ethanol per day for
1–2 weeks and levels return to normal in 2–3 weeks of abstinence. P–CDT levels differ with
age, sex, and BMI [15]. P–CDT in plasma has a specificity of 70–100% but a wider range of
46–90% in sensitivity [17]. Cut off levels for long-time excessive drinking are indicated by
levels >2% (P–CDT compared to total transferrin) [16].

B–PEth is a phospholipid formed in erythrocytes in the presence of ethanol, which
clinically provides a very high sensitivity for detecting excessive alcohol use. It can be
detected up to 2 weeks after a few days of high alcohol use [18]. Additionally, one-
time consumption can be indicated as levels rise within 1–2 h [17]. Levels that exceed
0.30 µmol/L indicate excessive consumption of alcohol, whereas levels between 0.05 and
0.30 µmol/L correlate with moderate consumption and levels <0.05 µmol/L imply a non-
existent or very low sporadic intake [16].

U–EtG is produced in small amounts and excreted through urine when ethanol is
ingested and conjugated [20]. Sensitivity is high but dependent on quantity of ethanol use
and diuresis [17]. U–EtG is fully eliminated within 30–70 h and is therefore a strong indica-
tor of recent alcohol use [21]. A negative test, showing no recent alcohol consumption, is
defined as ≤0.5 mg/L. Positive tests are confirmed with a mass spectrometric method [16].

As of today, the question of how to best identify patients at surgical risk due to risky
alcohol use remains unanswered. To be able to offer a perioperative alcohol cessation
intervention to relevant patients, the answer is highly relevant. The ideal marker to use
in a surgical setting would be able to identify patients at surgical risk due to alcohol use
and distinguish them from patients with a lower use. To evaluate the associations between
the markers in this study, we have chosen an average of 2 drinks (24 g ethanol) per day,
i.e., 14 drinks per week, preoperatively as the limit for identification [2].

The aim of this study was to evaluate the correlation between preoperative alcohol
use identified by TLFB interviews and four other markers, AUDIT–C, P–CDT, B–PEth and
U–EtG, in a cohort of patients scheduled for major bladder cancer surgery. Secondly, we
wanted to evaluate the predictive values of the markers in addition to the sensitivity and
specificity. We hypothesized that B–PEth would have the highest correlation and be the
most reliable marker (see Table 1) to predict risky alcohol use.

2. Materials and Methods
2.1. Study Design

The project was performed as a cohort study with secondary analysis of data ac-
quired in a randomized controlled trial, the STOP-OP trial, investigating the effect of an
alcohol and/or smoking cessation intervention before major bladder cancer surgery on
postoperative complications [23].

2.2. Study Population

This cohort consisted of 94 of 104 (90%) surgical patients in the original STOP-OP
trial (eight did not have surgery and two withdrew consent shortly after randomization).
The patients were scheduled for radical cystectomy at four Danish specialized urological
centres with university affiliation, and they all underwent blood and urine sampling for
biomarkers of alcohol use [23].

The inclusion criteria in the original STOP-OP trail were patients scheduled for radical
cystectomy for bladder cancer, over the age of 18 years, smoking daily, and/or consuming
at least three units of alcohol (36 g) daily. Patients were excluded if they were cognitively
unable to provide informed consent, pregnant or breastfeeding, or allergic to Disulfiram,
benzodiazepines, or Nicotine Replacement Therapy (NRT).
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2.3. Outcomes

Information of alcohol use acquired through TLFB interviews [9], AUDIT–C [12], and
three biomarkers, P–CDT, B–Peth, and U–EtG. All outcomes were measured prior to the
operation.

2.4. Collection of Data

In this study, we used data collected at baseline. Alcohol consumption was collected by
trained staff through TLFB interviews covering the past week. The intake was classified as
standard drinks, each containing 12 g of ethanol. An AUDIT–C covering the past 12 months
was also recorded.

The analyses for P–CDT (HPLC), B–PEth (Mass-Spectrometry and Electron Spray
Ionization), and U–EtG (EMIT-test by Thermo Scientific® (Waltham, MA, USA) analysed
on Cobas 6000 c501 (Roche Diagnostic, Mannheim, Germany) and confirmation through
Mass-Spectrometry) were performed blinded at the Department of Laboratory Medicine,
Division of Clinical Chemistry and Pharmacology, Lund University, Lund, Sweden.

2.5. Ethics

The STOP-OP study was approved by the Danish Scientific Ethical Committee System
(H-1-2013-134) and The Danish Data Protection Agency (2012-58-0004). The originally
collected data included sensitive personal information, but all informed data used in this
study were anonymized beforehand and handled in a secure manner to keep the patients’
integrity intact. All participants in the initial STOP-OP study gave consent including
analysis of the alcohol biomarkers before data collection and randomization [23].

The STOP-OP trial was registered in Clinicaltrials.gov, Identifier: NCT02188446.

2.6. Statistical Analysis

The patient characteristics are presented in Table 2. In this study, we used non-
parametric statistics as data and they were not assumed to be normally distributed. Cor-
relations were examined using scatterplots to visualize and by calculation of Spearman’s
rho correlation coefficient (ϱ) to assess the monotonic associations. Correlations were inter-
preted as weak if ϱ < 0.40, moderate if between 0.40 and <0.70, or strong if ϱ ≥ 0.70 [24].

Table 2. Characteristics of the 94 patients scheduled for major surgery for bladder cancer, presented
as number (%) for categorical variables or median [range] for continuous variables.

Preoperative Characteristics Values

Age (years) 67 [43–82]
Men 72 (77%)
Daily smokers 72 (77%)
Body–Mass Index (kg/m2) 25 [15–41]
Physical activity < ½ hour per day 33 (34%)
Living alone 42 (45%)
Education: none or only short courses 31 (33%)

Alcohol characteristics
TLFB (drinks the last week) 4 [0–64]

≥21 units last week 13 (14%)
14–20 units last week 14 (15%)
1–13 units last week 40 (43%)
0 units last week 27 (29%)

AUDIT–C (points: 0–12) 5 [0–12]
P–CDT (% of total transferrin) 1.3 [0.7–10.9]
U–EtG (mg/L) 0.3 [0.0–1000]

B–PEth (µmol/L) 0.115 [0.003–3.010]
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Table 2. Cont.

Preoperative Characteristics Values

History of disease
Tumor stage: cancer in situ 3 (3%)

Stage 1 31 (33%)
Stage 2 34 (36%)
Stage 3 21 (22%)
Stage 4 5 (5%)

Preoperative neoadjuvant chemotherapy 28 (30%)
Charlson Comorbidity Index ≥ 2 32 (34%)

Abbreviations: TLFB: Timeline Follow Back. AUDIT–C: Alcohol Use Disorders Identification Test, version C.
P–CDT: Carbohydrate-deficient transferrin in plasma. U–EtG: Ethyl glucuronide in urine. B–PEth: Phosphatidyl-
ethanol in blood.

Sensitivity, specificity, predictive values, and receiver operation characteristic curves
(ROC curves) including 95% confidence intervals (95% CIs) were used to evaluate the
performance of AUDIT–C and the biomarkers. The 95% CI was estimated using a binomial
distribution and the Wilson method was chosen as it is considered robust even for relatively
small sample sizes, and in the case of a small number of successes or failures. For all
statistical tests, p < 0.05 was considered significant. Statistical analyses were performed
using R version 4.3.2 (R Foundation for Statistical Computing) [25], and the packages caret
and binom for diagnostics, pROC for ROC curves, and ggplot2 for graphs.

3. Results

All 94 patients in this study participated in the baseline interview and reported their
alcohol use using both TLFB and AUDIT–C. Overall, 59 in 86 (69%) of the patients had at
least one positive test result. Selected characteristics of the cohort are presented in Table 2.

3.1. Correlations

The correlation between the TLFB and AUDIT–C was strongest; ϱ = 0.75 (ϱ2 = 0.56).
Regarding the three biomarkers, ϱ was only moderate for all of them, ranging from 0.55
(ϱ2 = 0.30) to 0.65 (ϱ2 = 0.43), see Figure 1a–d.
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Figure 1. Correlations presented by ϱ between alcohol use by Timeline Follow Back interview and
(a) alcohol use disorder identification test (AUDIT–C); (b) carbo-deficient transferrin in plasma
(P–CDT); (c) ethyl glucuronide in urine (U–EtG); (d) phosphatidyl-ethanol in blood (B–PEth).
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3.2. Sensitivity, Specificity, and Predictive Values

Overall, the P–CDT reached the highest sensitivity at 82% but the lowest specificity at
38%. B–PEth showed the lowest sensitivity at 56%, but highest specificity of 100%. All tests
had high positive predictive values, ranging from 79 to 100%, but their negative predictive
values were low, 42–55%, see Table 3.

Table 3. Sensitivity, specificity, and predictive values for identification of risky alcohol use among
patients scheduled for major cancer surgery, compared to the use identified through Timeline Follow
Back interviews and presented as % and 95% CI. (AUDIT–C: alcohol use disorder identification
test, short version) and biomarkers (P–CDT: carbohydrate-deficient transferrin in plasma; B–PEth:
phosphatidyl-ethanol in blood; U–EtG: ethyl glucuronide in urine).

Test Positive Tests Sensitivity Specificity Pos. Predictive Value Neg. Predictive Value

% 95% CI % 95% CI % 95% CI % 95% CI

AUDIT–C 40/94 75 (63–83) 96 (79–99) 98 (90–100) 55 (40–69)
P–CDT 19/82 82 (71–90) 38 (21–59) 79 (68–88) 42 (23–64)
U–EtG 38/87 70 (60–79) 86 (65–95) 94 (83–98) 47 (32–63)
B–PEth 47/81 56 (43–67) 100 (84–0) 100 (90–100) 43 (30–58)

Any test positive 59/86 43 (31–55) 100 (86–100) 100 (88–100) 40 (28–52)

3.3. ROC Curves

In addition, ROC curves reflected the relative high sensitivity and specificity of all
the alcohol tests, except for the low specificity of the P–CDT, see Figure 2a–d. AUDIT–C
showed the highest area under the curve (AUC), indicating a high discrimination and
prediction of the classification model. This was also the case for U–EtG and B–PEth.
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identification test, short version, and the biomarkers; (b) P–CDT: carbohydrate-deficient transferase
in plasma; (c) U–EtG: ethyl glucuronide in urine; (d) B–PEth: phosphatidyl-ethanol in blood.
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4. Discussion

Overall, we found significant correlations between the structured patient interview on
alcohol use identified by TLFB and all the other markers. All markers showed high positive
prediction values, but weak negative prediction.

In the clinical setting, patients seldom overestimate their alcohol use. Therefore, the
false positive self-reporting poses only a minimal problem. In contrast, underreporting
is a general challenge, in both clinical and population-based studies [26] and false neg-
ative reporting constitutes a barrier for offering effective prehabilitation to reduce the
surgical risk.

The significant correlations between the TLFB and the alcohol markers in our study
support previous studies showing strong correlations, high sensitivity and specificity when
using self-reporting [17]. Several different studies have used a variety of methods to assess
alcohol use [27] resulting in a range of sensitivities and specificities, possible due to factors
potentially influencing the formation and degradation of, e.g., PEth (i.e., hemoglobin,
hematocrit, BMI, drinking pattern and rate, etc.) [28].

The weak negative predictive values in our study are surprising. They could be
explained by a high prevalence of underestimating a high alcohol use at the TLFB interviews.
However, this seems unlikely to be the main explanation as the patients included in the
alcohol arms of this study reported an alcohol intake of at least 3 drinks per day or 21 drinks
per week.

A more possible explanation of our results is that the different characteristics of each
marker regarding the duration and amount of alcohol use would impact the associations
(Table 1). For instance, the U–EtG is a strong indicator of any amount of present drink-
ing, [21]; thus, inclusion of persons with a detected low alcohol use would lead to false
negative results in our study group. Instead, this alcohol marker could be relevant for
following up during intervention aiming at complete abstinence as in the 4-week prehabili-
tation [29] and the 6-month period recommended prior to liver transplantation [30].

AUDIT–C is another example of a sub-optimal alcohol marker for identification of
preoperative alcohol use [11]. This test was developed for identification of alcohol use
disorder based on the intake over the past 12 months. This poses a challenge in the
surgical setting, where the required four-week successful quitting would not lead to a
negative test result. This problem has been shown in a large cohort study on major surgery,
which reported that the routinely obtained alcohol history close to the operation was
better associated with postoperative complications than a positive AUDIT–C score [31]. To
diminish the overestimation of risky alcohol use, preoperatively, a recent randomized trial
used the AUDIT–C version, however, covering only the past 3-month period instead of the
original 12 months [8].

In contrast, the P–CDT will be positive only at an intake of about 5 drinks per day
for a few weeks and may therefore overlook a lower but still risky intake in relation to
surgery [15].

We expected B–PEth to be the best biomarker to identify patients with a risky alcohol
use prior to surgery because it will be positive when drinking at least 2 drinks per day
or 14 per week, corresponding to the threshold used in this study. However, B–PEth also
possessed a weak negative predictive value.

A main reason for using the TLFB interview in relation to cancer surgery and other
types of surgery is that it has shown better results than even intensive data collection
on daily reports. This may stem from interviewer assistance in counting larger or more
concentrated drinks into standard drink sizes and encouragement for participants to use
smartphones for more accurate recall of their activities [32].

4.1. Bias and Limitations

An overall challenge is that the characteristics of the different markers could be consid-
ered to fit better to some drinking patterns than to others, and therefore the characteristics
of the study population may impact the results to a very high degree. A high and stable
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consumption over longer time may lead to positive identification for all the tests used in
this study, while binge drinking or otherwise fluctuating use may lead to different results.

The small number of patients in our study may also impacts the result; likewise, the
results should be interpreted with care as other populations, cultures, and regions may
differ regarding average alcohol use, stigmatization, and access to free prehabilitation.

4.2. Perspectives

For the individual patient, it would have tremendous benefits to avoid postoperative
complications by identifying and offering prehabilitation aimed at a high alcohol use prior
to major cancer surgery. This requires training of the staff to offer effective prehabilitation
in due time, reducing the postoperative complication rate by half [6].

From a clinical point of view, the fixed surgical agenda requires a high reliability of
alcohol markers and questionnaires to distinguish between patients with a surgical risk
from alcohol use (as well as to identify successful quitting over four weeks, preoperatively).
On the other hand, it is also important not to misclassify the group of patients with a low
alcohol use to be at surgical risk by using a suboptimal alcohol screening test, which would
add stressful scenarios for the surgical patients, already physically and mentally impacted
by the cancer disease.

Considering the societal perspective, it is meaningful to prevent potentially avoidable
complications, as they incur significant costs due to their resource-intensive nature and
thereby place a heavy burden on society at large.

Finally, it would be beneficial for the research area of cancer surgery and other sur-
gical interventions to conduct a study enrolling a broader patient population, including
patients with and without risk factors for increased postoperative complications in order
to determine which marker is the most relevant for predicting complications in cancer
surgery.

5. Conclusions

The negative predictive value of all three biomarkers and the AUDIT–C questionnaire
compared to the TLFB interview seem too weak to be useful for preoperative identification
of risky alcohol use, despite the high positive predictive values. For now, TLFB interviews
seems preferable.

Author Contributions: Conceptualization, all authors; methodology, all authors; software, not
relevant; validation, not relevant; formal analysis, M.R.; investigation, S.V.L.; resources, not relevant;
data curation, M.R.; writing—original draft preparation, J.N. and M.S.; writing—review and editing,
H.T., S.V.L. and M.R.; visualization, M.R.; supervision, H.T. and S.V.L.; project administration, H.T.,
S.V.L. and M.R.; funding acquisition, H.T. and S.V.L. All authors have read and agreed to the published
version of the manuscript.

Funding: The original STOP-OP trial is funded by “The Novo Nordic Foundation, grant number
NNF13OC0006109”, “Flemming Lunds Foundation”, “Aase and Ejnar Danielsens Foundation, grant
number 10-DO1127”, “The Danish Bladder Cancer Group (DaBlaCa)”, “Medac and Löf (Landstingens
Ömsesidiga Försäkringsbolag) in Sweden”, “The Oak Foundation (OCAY-18–774-OFIL)”. None of
the foundations are otherwise involved in the STOP-OP study.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Danish Scientific Ethical Committee System (H-1-2013-134), as well
as The Danish Data Protection Agency (2012-58-0004).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: After study completion and publication of the study, the dataset
analyzed during the current study will be available from the corresponding author on reasonable
request.

Acknowledgments: We are very grateful for the participation in the STOP-OP study of patients
and staff at the Departments of Urology at Skejby Aarhus University Hospital, Aalborg University



Cancers 2024, 16, 2261 9 of 10

Hospital, Odense University Hospital, Herlev and Gentofte Hospital and the, Copenhagen University
Hospital Rigshospitalet in this study. We also express our gratitude to Lisa Walther (Department
of Laboratory Medicine, Division of Clinical Chemistry and Pharmacology, Lund University, Lund,
Sweden) for completing the laboratory tests.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Shabsigh, A.; Korets, R.; Vora, K.C.; Brooks, C.M.; Cronin, A.M.; Savage, C.; Raj, G.; Bochner, B.H.; Dalbagni, G.; Herr, H.W.; et al.

Defining early morbidity of radical cystectomy for patients with bladder cancer using a standardized reporting methodology. Eur.
Urol. 2009, 55, 164–174. [CrossRef] [PubMed]

2. Eliasen, M.; Grønkjær, M.; Skov-Ettrup, L.S.; Mikkelsen, S.S.; Becker, U.; Tolstrup, J.S.; Flensborg-Madsen, T. Preoperative alcohol
consumption and postoperative complications: A systematic review and meta-analysis. Ann. Surg. 2013, 258, 930–942. [CrossRef]
[PubMed]

3. Silveira, S.Q.; da Silva, L.M.; Gomes, R.F.; de Campos Vieira Abib, A.; Vieira, J.E.; Ho, A.M.; de Oliveira Lima, H.; Bellicieri, F.N.;
Camire, D.; Nersessian, R.S.F.; et al. An evaluation of the accuracy and self-reported confidence of clinicians in using the ASA-PS
Classification System. J. Clin. Anesth. 2022, 79, 110794. [CrossRef] [PubMed]

4. Abouleish, A.E.; Leib, M.L.; Cohen, N.H. ASA Provides Examples to Each ASA Physical Status Class. ASA Newsl. 2015, 79, 38–49.
5. Tønnesen, H.; Nielsen, P.R.; Lauritzen, J.B.; Møller, A.M. Smoking and alcohol intervention before surgery: Evidence for best

practice. Br. J. Anaesth. 2009, 102, 297–306. [CrossRef] [PubMed]
6. Egholm, J.W.; Pedersen, B.; Møller, A.M.; Adami, J.; Juhl, C.B.; Tønnesen, H. Perioperative alcohol cessation intervention for

postoperative complications. Cochrane Database Syst. Rev. 2018, 11, Cd008343. [CrossRef] [PubMed]
7. Snowden, C.; Lynch, E.; Avery, L.; Haighton, C.; Howel, D.; Mamasoula, V.; Gilvarry, E.; McColl, E.; Prentis, J.; Gerrand, C.; et al.

Preoperative behavioural intervention to reduce drinking before elective orthopaedic surgery: The PRE-OP BIRDS feasibility
RCT. Health Technol. Assess. 2020, 24, 1–176. [CrossRef] [PubMed]

8. Fernandez, A.C.; Chapman, L.; Ren, T.Y.; Baxley, C.; Hallway, A.K.; Tang, M.J.; Waljee, J.F.; Friedmann, P.D.; Mello, M.; Borsari, B.;
et al. Preoperative alcohol interventions for elective surgical patients: Results from a randomized pilot trial. Surgery 2022, 172,
1673–1681. [CrossRef]

9. Sobell, L.; Sobell, M. Timeline follow-back: A technique for assessing self-reported alcohol consumption. In Measuring Alcohol
Consumption: Psychosocial and Biochemical Methods; Humana Press: Totowa, NJ, USA, 1992; pp. 41–72.

10. Olsson, R.; Ljungqvist, O.; Tönnesen, H.; Gustafsson, U.O. Optimering av Riskfaktorer Inför Kirurgi Förbises. Available online:
https://lakartidningen.se/opinion/debatt/2024/02/optimering-av-riskfaktorer-infor-kirurgi-forbises/ (accessed on 13 June
2024).

11. Babor, T.F.; Higgins-Biddle, J.; Saunders, J.B.; Monteiro, M. AUDIT-The Alcohol Use Disorders Identification Test: Guidelines for Use in
Primary Heath Care, 2nd ed.; WHO: Geneva, Switzerland, 2001; pp. 1–40.

12. Bush, K.; Kivlahan, D.R.; McDonell, M.B.; Fihn, S.D.; Bradley, K.A. The AUDIT alcohol consumption questions (AUDIT-C): An
effective brief screening test for problem drinking. Ambulatory Care Quality Improvement Project (ACQUIP). Alcohol Use
Disorders Identification Test. Arch. Intern. Med. 1998, 158, 1789–1795. [CrossRef]

13. Helander, A.; P†ter, O.; Zheng, Y. Monitoring of the alcohol biomarkers PEth, CDT and EtG/EtS in an outpatient treatment setting.
Alcohol. Alcohol. 2012, 47, 552–557. [CrossRef]

14. Holford, N.H. Clinical pharmacokinetics of ethanol. Clin. Pharmacokinet. 1987, 13, 273–292. [CrossRef] [PubMed]
15. Javors, M.A.; Johnson, B.A. Current status of carbohydrate deficient transferrin, total serum sialic acid, sialic acid index of

apolipoprotein J and serum beta-hexosaminidase as markers for alcohol consumption. Addiction 2003, 98 (Suppl. 2), 45–50.
[CrossRef]

16. Jones, A.W. Brief history of the alcohol biomarkers CDT, EtG, EtS, 5-HTOL, and PEth. Drug Test. Anal. 2024, 16, 570–587.
[CrossRef]

17. Andresen-Streichert, H.; Müller, A.; Glahn, A.; Skopp, G.; Sterneck, M. Alcohol Biomarkers in Clinical and Forensic Contexts.
Dtsch. Arztebl. Int. 2018, 115, 309–315. [CrossRef]

18. Kummer, N.; Lambert, W.E.; Samyn, N.; Stove, C.P. Alternative sampling strategies for the assessment of alcohol intake of living
persons. Clin. Biochem. 2016, 49, 1078–1091. [CrossRef]

19. Varga, A.; Hansson, P.; Johnson, G.; Alling, C. Normalization rate and cellular localization of phosphatidylethanol in whole blood
from chronic alcoholics. Clin. Chim. Acta 2000, 299, 141–150. [CrossRef]

20. Schmitt, G.; Aderjan, R.; Keller, T.; Wu, M. Ethyl glucuronide: An unusual ethanol metabolite in humans. Synthesis, analytical
data, and determination in serum and urine. J. Anal. Toxicol. 1995, 19, 91–94. [CrossRef] [PubMed]

21. Helander, A.; Beck, O. Ethyl sulfate: A metabolite of ethanol in humans and a potential biomarker of acute alcohol intake. J. Anal.
Toxicol. 2005, 29, 270–274. [CrossRef] [PubMed]

22. Schmitt, G.; Droenner, P.; Skopp, G.; Aderjan, R. Ethyl glucuronide concentration in serum of human volunteers, teetotalers, and
suspected drinking drivers. J. Forensic Sci. 1997, 42, 1099–1102. [CrossRef]

https://doi.org/10.1016/j.eururo.2008.07.031
https://www.ncbi.nlm.nih.gov/pubmed/18675501
https://doi.org/10.1097/SLA.0b013e3182988d59
https://www.ncbi.nlm.nih.gov/pubmed/23732268
https://doi.org/10.1016/j.jclinane.2022.110794
https://www.ncbi.nlm.nih.gov/pubmed/35367956
https://doi.org/10.1093/bja/aen401
https://www.ncbi.nlm.nih.gov/pubmed/19218371
https://doi.org/10.1002/14651858.CD008343.pub3
https://www.ncbi.nlm.nih.gov/pubmed/30408162
https://doi.org/10.3310/hta24120
https://www.ncbi.nlm.nih.gov/pubmed/32131964
https://doi.org/10.1016/j.surg.2022.09.012
https://lakartidningen.se/opinion/debatt/2024/02/optimering-av-riskfaktorer-infor-kirurgi-forbises/
https://doi.org/10.1001/archinte.158.16.1789
https://doi.org/10.1093/alcalc/ags065
https://doi.org/10.2165/00003088-198713050-00001
https://www.ncbi.nlm.nih.gov/pubmed/3319346
https://doi.org/10.1046/j.1359-6357.2003.00582.x
https://doi.org/10.1002/dta.3584
https://doi.org/10.3238/arztebl.2018.0309
https://doi.org/10.1016/j.clinbiochem.2016.05.007
https://doi.org/10.1016/S0009-8981(00)00291-6
https://doi.org/10.1093/jat/19.2.91
https://www.ncbi.nlm.nih.gov/pubmed/7769794
https://doi.org/10.1093/jat/29.5.270
https://www.ncbi.nlm.nih.gov/pubmed/16105250
https://doi.org/10.1520/JFS14267J


Cancers 2024, 16, 2261 10 of 10

23. Lauridsen, S.V.; Thomsen, T.; Jensen, J.B.; Kallemose, T.; Schmidt Behrend, M.; Steffensen, K.; Poulsen, A.M.; Jacobsen, A.; Walther,
L.; Isaksson, A.; et al. Effect of a Smoking and Alcohol Cessation Intervention Initiated Shortly Before Radical Cystectomy-the
STOP-OP Study: A Randomised Clinical Trial. Eur. Urol. Focus 2022, 8, 1650–1658. [CrossRef]

24. Schober, P.; Boer, C.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation. Anesth. Analg. 2018, 126,
1763–1768. [CrossRef] [PubMed]

25. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2023; Available online: https://www.R-project.org/ (accessed on 13 June 2024).

26. Stockwell, T.; Zhao, J.; Greenfield, T.; Li, J.; Livingston, M.; Meng, Y. Estimating under- and over-reporting of drinking in national
surveys of alcohol consumption: Identification of consistent biases across four English-speaking countries. Addiction 2016, 111,
1203–1213. [CrossRef] [PubMed]

27. Perilli, M.; Toselli, F.; Franceschetto, L.; Cinquetti, A.; Ceretta, A.; Cecchetto, G.; Viel, G. Phosphatidylethanol (PEth) in Blood
as a Marker of Unhealthy Alcohol Use: A Systematic Review with Novel Molecular Insights. Int. J. Mol. Sci. 2023, 24, 12175.
[CrossRef] [PubMed]

28. Dagne, K.; Myers, B.; Mihretu, A.; Teferra, S. Scoping review of assessment tools for, magnitudes of and factors associated with
problem drinking in population-based studies. BMJ Open 2024, 14, e080657. [CrossRef] [PubMed]

29. Tønnesen, H.; Lydom, L.N.; Joensen, U.N.; Egerod, I.; Pappot, H.; Lauridsen, S.V. STRONG for Surgery & Strong for Life—Against
all odds: Intensive prehabilitation including smoking, nutrition, alcohol and physical activity for risk reduction in cancer
surgery—A protocol for an RCT with nested interview study (STRONG-Cancer). Trials 2022, 23, 333. [CrossRef] [PubMed]

30. Grottenthaler, J.M.; Konzelmann, A.; Stiegler, A.; Hinterleitner, C.; Bott, S.M.; Klag, T.; Werner, C.R.; Hinterleitner, M.; Königsrainer,
A.; Batra, A.; et al. Significance and clinical impact of routinely tested urinary ethyl glucuronide after liver transplantation—
Development of a risk score. Transpl. Int. 2021, 34, 2257–2265. [CrossRef] [PubMed]

31. Rubinsky, A.D.; Bishop, M.J.; Maynard, C.; Henderson, W.G.; Hawn, M.T.; Harris, A.H.; Beste, L.A.; Tønnesen, H.; Bradley, K.A.
Postoperative risks associated with alcohol screening depend on documented drinking at the time of surgery. Drug Alcohol.
Depend. 2013, 132, 521–527. [CrossRef]

32. Merrill, J.E.; Fan, P.; Wray, T.B.; Miranda, R., Jr. Assessment of Alcohol Use and Consequences: Comparison of Data Collected Via
Timeline Followback Interview and Daily Reports. J. Stud. Alcohol. Drugs 2020, 81, 212–219. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.euf.2022.02.005
https://doi.org/10.1213/ANE.0000000000002864
https://www.ncbi.nlm.nih.gov/pubmed/29481436
https://www.R-project.org/
https://doi.org/10.1111/add.13373
https://www.ncbi.nlm.nih.gov/pubmed/26948693
https://doi.org/10.3390/ijms241512175
https://www.ncbi.nlm.nih.gov/pubmed/37569551
https://doi.org/10.1136/bmjopen-2023-080657
https://www.ncbi.nlm.nih.gov/pubmed/38458797
https://doi.org/10.1186/s13063-022-06272-2
https://www.ncbi.nlm.nih.gov/pubmed/35449008
https://doi.org/10.1111/tri.14007
https://www.ncbi.nlm.nih.gov/pubmed/34358363
https://doi.org/10.1016/j.drugalcdep.2013.03.022
https://doi.org/10.15288/jsad.2020.81.212

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 

	Results 
	Correlations 

	Discussion 
	Bias and Limitations 
	Perspectives 

	Conclusions 
	References

