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Abstract (max 250 words — current 249)

BACKGROUND AND AIMS

Phosphatidylethanol 16:0/18:1 (PEth) is a biomarker for alcohol intake. It has a half-
life of 7/8 days. Chronic alcohol consumption causes high PEth values. It can take
weeks before PEth values fall below the decision limit for “alcohol abstinence”. Our aim
was to validate whether alcohol abstinence can be determined based on two
consecutive PEth results above the decision limit.

DESIGN

Observational study.

SETTING

Belgium, February 2019. The study was linked to a social initiative in Belgium,
“Tournée Minérale”.

PARTICIPANTS

Adults (>18 years, n=796) with varying drinking habits who self-reportedly refrained
from alcohol consumption during the study.

MEASUREMENTS

A validated liquid chromatography — tandem mass spectrometry method was used to
guantify PEth in participants’ dried blood samples, collected at 3 time points via remote
fingerprick-based self-sampling.

FINDINGS

A population-based algorithm to evaluate abstinence based on 95% prediction limits
was developed by fitting a linear mixed effect model to discern patterns in PEth
elimination over time. It took intra- and interindividual variability into consideration. The
algorithm was included in a 2-step decision tree, assessing whether (i) PEth values fell

within the prediction interval, and (ii) the slope between 2 PEth values was consistent



with no alcohol consumption. Data for 74 participants reporting no alcohol intake during
the study were used for validation. With a detection limit of “4 units spread over 14
days”, the sensitivity and specificity of the decision tree was 89%.

CONCLUSIONS

Claims of alcohol abstinence can be verified using a 2-step decision tree for
phosphatidylethanol 16:0/18:1 (PEth) values, even when those values are above the

limit for “alcohol abstinence”.

Keywords (6-10): Phosphatidylethanol, half-life, abstinence testing, elimination rate,

prediction model, alcohol biomarker



INTRODUCTION

Phosphatidylethanol is an important direct biomarker for alcohol intake (1-4).
Phosphatidylethanol refers to a range of different phosphatidylethanol analogues, with
the most abundant analogue phosphatidylethanol 16:0/18:1 (in what follows ‘PEth’)
being typically monitored (5-9). Alone or in combination with other biomarkers,
monitoring of PEth increases the sensitivity of detecting alcohol consumption (1, 5, 10,
11). The meaning of PEth values and changes in these values in relation to alcohol
consumption is still not fully understood. Information available from existing studies is
limited because the findings are based on (i) a limited number of persons with
excessive alcohol intake being abstinent for only a few weeks or on (ii) very specific
patient groups (5, 6, 11-14). However, the main application is testing individuals from
a more general population for (a change in) their drinking behavior (e.g. in the context
of driver’s license regranting or workplace testing). This is the focus of only two smaller
studies (15, 16). Non-detectable PEth values clearly indicate no alcohol consumption
(‘abstinence’). There is also growing consensus to refer to PEth values below 20 ng/mL
(0.028 uM) as ‘being compatible with abstinence or minimal alcohol consumption
during the weeks prior to sampling’ (17-19). This threshold takes other alcohol
exposures into consideration such as use of alcohol-containing mouthwash solutions
(20). Given the half-life of this biomarker, it can take weeks or months for PEth values
to fall below 20 ng/mL (0.028 uM) after cessation of alcohol consumption. This can
make the interpretation of PEth values difficult, especially when monitoring individuals
with alcohol use disorders.

The goal of this study was to obtain information on PEth values at the start of the study
and the changes in PEth values in volunteers (with varying drinking habits) who self-

reportedly refrained from alcohol consumption during the study. Two more objectives



were further investigated: (i) the half-life, in comparison to existing data (5, 12, 21-27);
and (ii) the possibility to identify abstinence based on two PEth results above the

decision limit for “alcohol abstinence”, performed several weeks apart.

MATERIALS AND METHODS

Study population

Participants

Adults (>18 years) who usually drink alcohol but who self-reportedly refrained from
alcohol consumption for one month were included. Participants were recruited via the
‘Tournée Minérale’ initiative (see Supplemental S1 and reference (28)). The Ghent
University Hospital Ethics Committee approved the study (reference 2018/1514).
Consenting participants registered via a dedicated website. The only incentives to
participate were that participants would get insight in (i) their own drinking behavior
compared to their ‘peers’ (i.e. the other participants, anonymized) and (ii) how their

PEth levels would decrease while abstaining from alcohol consumption.

Sampling by the participants

Participants received a sampling kit at the end of January, 2019. (see Supplemental
S1). They collected three fingerprick dried blood microsamples (early, mid and end of
February 2019) via self-sampling at home using 10 pL volumetric absorptive
microsampling (VAMS) devices (Mitra®, Neoteryx). To maximize correct self-sampling,
participants were instructed remotely via a leaflet and a video (see Supplemental S2),
as well as via e-mail. Following the instructions, after sampling, the blood in the VAMS

devices was dried for at least two hours before being put in a sachet with desiccant.



The devices were stored at room temperature, protected from direct sunlight. Samples

were sent via mail to the laboratory.

Questionnaire — participant information

A gquestionnaire was provided along with the sampling kit to collect information about
the participants’ (i) demographics; (ii) general alcohol drinking behavior (using the
AUDIT-C screening questionnaire) (29); (iii) index of mean weekly consumption in
January (consumed units/week) and (iv), an alcohol consumption diary for February
(in units/day, for those that failed to remain abstinent). To help estimate how many
units of alcohol the participants consumed (one unit being defined as ~10 g ethanol),
we provided examples of different standard drinks. We limited the personal information
to height, weight, sex, age, ethnicity and relevant medical background such as gastric

bypass, sleeve gastrectomy or any stomach/intestinal problems (Supplemental S3).

Phosphatidylethanol measurement

We quantified PEth 16:0/18:1 using a validated and 1SO17025-accredited liquid
chromatography — tandem mass spectrometry (LC-MS/MS) method with a limit of
detection of 1.7 ng/mL (0.002 uM) (18). The lower limit of quantitation (LLOQ) in this
study, defined as level with a CV of 20%, was 4 ng/mL (>0.006 puM), Supplemental
S4. In brief, we extracted PEth from VAMS samplers by adding 250 uL of extraction
solvent (2 mM ammonium acetate 0.01% formic acid in a 2/8/0.2
water/isopropanol/formic acid mixture) and 60 pL methanol containing 25 ng/mL (0.034
pMM) PEth-D5 as internal standard. Following liquid-liquid extraction using 1 mL n-
hexane, we collected the n-hexane fraction, dried and reconstituted it in 50 pL of

injection solvent, and injected 5 pL onto an XBridge BEH Phenyl XP column. We used



a Shimadzu Prominence LC coupled to a QTRAP 5500 instrument (SCIEX) for LC-
MS/MS analysis.

We analyzed all three samples obtained from one participant within one analytical run.
Each analytical run included a calibration curve (blank and 8 calibrators, measured at
the start and end of the run), the three samples from 30 participants, and duplicates of

two different internal QC samples.

Data analysis

We designed the study initially as a descriptive study. Analysis plans were not pre-
registered and were exploratory. Power calculations to estimate the minimal sample
size were not performed.

We used data from all participants for demographics and descriptive statistics.

For data analysis on dependent variables and covariates, we used data from
participants not reporting to have consumed alcoholic beverages during the study, and
only using PEth values >4 ng/mL (>0.006 uM).

All statistical tests were performed at the 95% confidence level.

Demographics and descriptive statistics: phosphatidylethanol concentrations during
the study

We used Microsoft Excel for Office 365 for basic data analysis and MedCalc, version
19.5.1 for statistics and regression analysis. Due to violations of parametric
assumptions, we used mainly non-parametric tests (Mann-Whitney test, Kruskal-Wallis

test, spearman’s coefficient or rank correlation (rho) and Chi2 test).

Dependent variables: half-life



We calculated the half-life (ti2) using the following equation: ty2 =t * In(2)/In(No/Ny) (t:
time-interval between No and N: No: PEth concentration at the start, Ni:: PEth
concentration at the end), over three time intervals: early — mid, mid — end and early -
end February. Outliers were identified using the method of Tukey, after logarithmic
transformation (30). Within-subject and between-subject variation in half-life was
calculated using ANOVA. Weighted linear regression (1/x) was used to estimate the

relation between the PEth half-life and the initial PEth concentration.

Covariates: prediction of the decrease of PEth values in time — evaluation of abstinence
We established a prediction model by fitting a linear regression based mixed effect
model to discern patterns in PEth elimination over time. We used normalized PEth
scores (i.e. the log(result +1)) of time point 1, 2 or 3 which were divided by the log(result
+1) of time point 1) as response variable and time as the fixed independent variable.
Log transformations were used to ensure the linearity assumption was met. We used
random effects to account for intra- and interindividual variability in PEth scores.
Modeling was done using R 4.0.2. Details can be found in Supplemental S5.

We excluded from the data analysis results of participants (n=21) for whom the PEth
concentration at the second or third sampling exceeded that of the first and/or second
sampling, or those which were within 1 ng/mL (0.0015 pM) of each other (which is
indicative of not being abstinent). As such, 1031 data points were available to set up
the model, with an accompanying prediction interval (95% PI).

We incorporated the prediction model in a decision tree to objectively support or reject
a claim of abstinence in individual cases. If, when applying the prediction model, the
result was outside the PI, this was considered compatible with not being abstinent. For

results within the PI, we further considered the slope of the regression line between



two consecutive samplings. When the difference of an individual slope versus the slope
of the regression function of the prediction model exceeded the 99-centile of the
differences for the slopes of all individual data pairs in the dataset used to establish
the prediction model, this was also considered as compatible with not being abstinent.
We evaluated the validity of the decision tree with two subgroups: (i) participants
(n=44) that reported drinking 1 or more units in February 2019; (ii) participants
reporting to have drunk alcohol free (i.e. £0.5% alcohol content) beverages, or having
eaten liquor-containing sweets (n=30) - these were considered “negatives”. We
calculated the sensitivity, specificity, positive and negative predictive values (31). We
established a receiver operating characteristic (ROC) curve by varying the reported
alcohol intake in the first subgroup in steps of “2 units consumed spread over 14 days”

as the definition of “positives”.

Application in a forensic context

We tested the applicability of the decision tree in cases from our routine toxicology

work (n=12).



RESULTS

Study population

Within 5 days after the launch, subscription to the study was closed as sufficient
participants (796) had been recruited. 687 (86%) participants completed the entire
study and sent back the sampling kit. Figure 1 illustrates the loss in participants based
on the feedback received. Most received packages (664, 97%) were complete (both
the questionnaire and the three samples were present). Of the sample sets, 570 (85%)
contained samples of good quality in three subsequent samplings. Supplemental S6
provides an overview of the participants’ demographics. The majority of the
participants was female (426, 63%) and European (668, 99%), with an even spread in
the age range 18 to 60 years. The index of mean weekly consumption in January
ranged from none to over 50 units (see Supplemental S7), with 268 (40%) of the
participants reporting to drink 1-5 units per week. From the AUDIT-C questionnaire we
derived that the largest cohort of our participants (268, 40%) drinks two or three times
a week, with a frequency of one or two drinks per day (297, 44%). With respect to binge
drinking (more than 6 units in succession), 249 (37%) participants reported to do this
less than monthly. Supplemental S7 provides the details on the answers to the
AUDIT-C questionnaire, and the final AUDIT-C score. Using the Mann-Whitney test,
statistically significant differences between the AUDIT-C scores for men (median 6;
n=242) and women (median 4; n=422) were seen (p < 0.0001). The findings were
inconclusive as to whether or not differences in AUDIT-C scores were observed for the
different age categories, with a median of 4 or 5 in all categories (18-25; n=76, 26-30;
n=105, 31-35; n=70, 36-40; n=92; 41-45; n=83, 46-50; n=77, 51-55; n=64, 56-60; n=49,

61-80; n=47).
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Phosphatidylethanol concentrations during the study

As no minimum consumption of alcohol was specified, also participants that had only
consumed one or a few units of alcohol in January were present in our study, yielding
PEth values that were very low or not quantifiable at the onset of the study.
Nevertheless, from all samples taken early February, 572 (84%) had quantifiable PEth
levels (>4 ng/mL (>0.006 uM)). Almost four weeks later, this had decreased to 273
(41%). Figure 2 shows the PEth levels and the summary statistics according to the
sampling moment. For both the AUDIT-C score and the index of mean weekly
consumption, a correlation was found with the first PEth level (see Supplemental S8),
with a Rho of 0.71 and 0.70, respectively (p < 0.0001). Rho between the two measures
of alcohol intake itself (index of mean weekly consumption and AUDIT-C score) was

0.77 (p < 0.0001).

Half-life

The box-and Whisker plots of the calculated half-lives, excluding outliers and samples
from individuals that claimed to have been drinking, are shown in Supplemental S9.
The median and range of the different half-lives are shown in Table 1, the overall
median half-life being 7.9 days. Using the Kruskal-Wallis test, statistically significant
differences were seen between the three calculated half-lives (p<0.001). More
specifically, a statistically significant difference was seen between the half-life of PEth
early - mid February and the other two half-lives. Within-subject and between-subject
variations in half-life were 1.7 days and 1.0 day, respectively. The findings were
inconclusive as to whether or not there is an association between sex or AUDIT-C
score and the PEth half-lives (p>0.05; Mann-Whitney; see Table 1). The same applied

to the relation of the PEth half-life and the initial PEth concentration (r<0.1 and p>0.05;
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Figure 3). There is no evidence that high PEth levels eliminate faster or slower than
low PEth levels and vice versa.

To exclude that the median half-life reported would be skewed due to unreported
drinking by a subset of the participants, we re-assessed it, arbitrarily excluding the 10%

highest PEth half-lives. This only lowered the median half-lives by <0.2 days.

Prediction of the decrease of PEth-values in time — evaluation of abstinence

Supplemental S5 describes the R-script (also available online via https://peth.be/app),
along with the details of the prediction model, as well as its validation. This prediction
model was included in a decision tree to assess abstinence of persons for whom two
or three quantifiable PEth values are available, at time points separated one to several
weeks in time, see Figure 4. It should allow to make an objective statement on whether
an individual has remained abstinent or not since the prior sampling. Figure 4 also
shows examples of the data used to assess sensitivity/specificity. Table 2 and the
ROC curve in Figure 5 show the change in false positive versus true positive rate when
the cut-off for defining a sample as positive was changed in steps of “2 units drunk
over a period of 14 days”. If “4 units over 14 days” would still be allowed, sensitivity
and specificity are both 89%. The latter means that at least the first of those 4 units

was drunk 14 days before the sampling.

Application in a forensic context
We implemented the decision tree successfully in our routine toxicology lab (see
Supplemental S10), either as part of a driving license regranting procedure, or in

cases related to organ transplantations.
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DISCUSSION

Summary

This study is the largest to date to study the decline in PEth values in participants with
a broad range of alcohol use who refrained from alcohol consumption during the study.
The recruitment of such a large cohort of participants was only possible via the social
initiative “Tournée Minérale”. The study had a relatively low drop-out rate, which could
be attributed to a simplified specimen collection procedure that can be performed by
the participants at home. The collected samples were sent to the lab via regular mail.
The data collected in this study allowed to gain unique insights in the variability of the
PEth elimination rate. This enabled the development of a population-based algorithm
to estimate cessation of alcohol consumption with 95% probability in individuals in
whom PEth-values were not yet below the decision limit for “alcohol abstinence”. We
finally developed a decision tree which yields a sensitivity/specificity of 89% to score
compatibility with abstinence by looking at the relation between 2 consecutive PEth
values and with a detection limit of “a consumption of 4 units of alcohol spread over 14

days”.

Strengths

The strengths of the study are 3-fold. First, we were able to collect samples from
participants with a broad range of alcohol use, from almost abstainers to persons with
excessive alcohol intake (reflected by the initial PEth levels: <4 to 1142 ng/mL).
Second, although non-supervised sampling inherently implies a risk, sampling can be
considered reliable. This is discussed in detail elsewhere and can be concluded based
on (i) the limited requests for extra sampling material, (ii) visual control of the samples

(only 9% being scored as under- or overfilled), (iil) assessment of samples taken at the
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same sampling moment, and (iv) a questionnaire (32). Third, by implementing VAMS
as a sampling strategy, self-sampling at home allowed the entire study to be conducted
remotely. This, in combination with the high response rate, the good quality of the
samples and the successful implementation in our routine forensic toxicology work
demonstrates the applicability of the testing strategy we put forward in this manuscript.
Major application fields we envisage are driving license regranting programs,

monitoring of transplant patients or randomized clinical trials.

Limitations

The limitations of the study are threefold. First, it is possible that the self-reported
alcohol consumption of January was underestimated (33, 34). The questionnaire was
only sent out in late January, asking the participants to recall their alcohol use. This is
not a real issue as these data were only used to get a rough idea on how to classify
the participants. It is noteworthy though that we did find consistency between the
AUDIT-C scores and the self-reported alcohol consumption, as confirmed by their good
correlation (0.77, p < 0.0001) and the fact that also PEth levels correlated well with
these two measures of alcohol intake. These two observations, which also align with
findings from other studies, indicate that at least the majority of the participants
completed the questionnaire rather truthfully (35-38).

Second, as the study was performed remotely, there was no withessed sampling and
participants could have falsified the samples. While it should be noted that there would
be no reason to do so, as inclusion was voluntarily, unpaid, and in principle on the
participant’s request, we cannot exclude this theoretical possibility. Third, there was no
objective assessment of abstinence using another biomarker. The latter was not

possible due to the study design. Measuring urinary ethylglucuronide (EtG) regularly
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or providing all 796 participants with a e.g transdermal sensor for alcohol monitoring
was not feasible and would require an entirely different study set-up. However the
trustworthiness of the responses as mentioned before, combined with the fact that
there was no consequence whatsoever if the participants failed to remain abstinent,
strengthens the belief that the vast majority of the participants did sample themselves
or would have declared alcohol consumption. The fact that we might have included
some individuals that may have been drinking limited amounts of alcohol during the
study actually implies a reduced risk of false positives, or that the developed decision
tree might underpredict. On the other hand, the robustness of our model is supported
by the unprecedented large size of our data set and the robustness of the median half-
life to the exclusion of the top 10% half-lives. We therefore believe it does include many
possible variables and confounders that may also be present in a real-life setting.
Given the potentially severe consequences of false positives (i.e. falsely scoring an

individual as non-abstinent), this gives the benefit of the doubt to the individual.

Comparison to existing literature

PEth half-life

Earlier reports on the half-life of PEth stem from studies that were conducted under
more controlled conditions i.e., with regards to participation, however those studies
were conducted with small study populations (n up to 57) and/or over shorter times
(around 14 days) (5, 12, 21-27). The design of this study, using a larger population and
longer duration, determined a half-life of 7.9 days, which is consistent with findings by
other recent studies. (5, 12). The finding that the half-life calculated for the first half of
the study is shorter than that for the second part, or for the complete study, can be

related to a steeper decline of PEth levels early on in the elimination phase (5, 39).
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Being aware of this, we aimed at minimizing this effect by asking participants to start
sampling only on the second day after the start of cessation of alcohol consumption
(12, 21). The inter-individual variability (1 day, 13%) in PEth half-life is consistent with
previous observations (5, 12, 22, 27), and could not be associated with sex, AUDIT-C
score or initial PEth level. The intra-individual variability was of the same magnitude
(1.7 days, 21%).

Evaluation of abstinence

It is easy to conclude abstinence when PEth levels are not detectable (21, 22).
However, this is less evident when PEth values are above the decision limit (i.e. 20
ng/mL (0.028 uM)). Therefore, we developed a decision tree with the intention to verify
cessation of alcohol intake in individuals before their PEth values fall below the
decision limit. This is particularly relevant for people who had an excessive alcohol
intake and for whom it can take weeks to have PEth values below the decision limit. In
this study, final PEth values lay above the decision limit in 11% (n=58) of the
participants reporting to not have drunk during the study.

It is generally accepted that not a single testing strategy is capable of identifying
abstinence with 100% selectivity and specificity in routine settings. Approaches such
as daily monitoring of alcohol in blood or urine, twice a week monitoring of EtG in urine,
monitoring carbohydrate deficient transferrin (CDT) in plasma, monitoring of EtG in
hair, or using a combination of these biomarkers have limitations. These include (i) the
short detection window for alcohol itself or EtG in urine or blood (1), (ii) the specificity
and sensitivity of CDT in individuals with occasional alcohol consumption (40), (iii) the
detection of EtG in hair requires a sufficient alcohol intake and, moreover, may be
masked by hair treatment (41, 42). Our testing strategy has a detection limit of “4 units

spread over 14 days”. This is in line with other reports on the detectability of a single
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dose intake of ethanol (21, 22, 43). Overall, our testing strategy, assessing the relation
between 2 consecutive PEth values, yielded a sensitivity/specificity of 89% to score
compatibility with abstinence. This approach offers an added-value compared to other

well-established procedures assessing biomarkers for ethanol intake.
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Conclusion

In conclusion, this study allowed us to (i) get insight into the (intra- and inter-individual
variability in) PEth half-life and (i) to establish a population-based prediction model to
verify claims of abstinence, even when PEth values are still above the decision limit for
compliance with abstinence. The described approach appears useful to monitor short-

to mid-term cessation of alcohol consumption.
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TABLES

Table 1. Mean, median and SD of the three half-lives, for the complete dataset and

according to sex or AUDIT-C score. Note, calculations are based on available data,

i.e. for some individuals gender or AUDIT-C score were missing. For those

comparisons, these subjected were not accounted for.

Half-life of PEth

Early - mid Mid - end Early - end
February (days) February (days) February (days)
All subjects
N 358 189 204
Median 7.67 8.11 8.14
Cl 7.47 —-7.88 7.80 —8.60 7.94 - 8.36
5% - 95% 5.09-11.51 5.43 -13.20 6.14 — 11.96
Male
N 152 80 90
Median 7.51 8.25 8.15
Cl 712-7.77 7.73 —8.86 7.79-8.51
5% - 95% 4.95-11.20 5.59 - 13.65 5.89-12.20
Female
N 203 107 112
Median 7.79 8.11 8.11
Cl 7.49 -8.15 7.55-8.65 7.79-8.38
5% - 95% 5.13-11.66 5.26-12.82 6.22 -10.91
P(Mann-Whitney) 0.08 0.90 0.68
male vs female
AUDITC <4
N 85 23 26
Median 7.85 8.09 8.36
Cl 7.41-8.44 7.07 -10.45 7.90 -9.52
5% - 95% 4.58 - 11.67 5.74 -14.19 6.50 — 12.19
AUDITC >4
N 262 162 174
Median 7.62 8.14 8.10
Cl 7.32-7.84 7.80 —8.59 7.82-8.33
5% - 95% 5.29-11.37 5.37-12.81 6.16 —11.94
P(Mann-Whitney) 0.39 0.55 0.25
AUDITC<4vs
AUDITC >4
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Table 2. Sensitivity, specificity, positive predictive value (PPV) and negative predictive

value (NPV) to score compatibility with abstinence by looking at the relation between

2 consecutive PEth values, when the cut-off for defining a sample as positive was

changed in steps of “2 units drunk over a period of 14 days” (at least one unit was

consumed 14 days before sampling).

Cut-off in “units drunk over a period of 14 days”

0 2 4 6 8 10

False negatives 17 11 3 1 1 1

False positives 3 4 5 8 11 12

True negatives 27 33 41 43 43 43

True positives 27 26 25 22 19 18
Sensitivity (%) 61 70 89 96 95 95
Specificity (%) 90 89 89 84 80 78
positive predictive value (%) 90 87 83 73 63 60
negative predictive value (%) 61 75 93 98 98 98
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Figure 1 Overview of the initial and final number of participants based on their

feedback and PEth values.
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Figure 2

Observed PEth levels according to the sampling date. Dark grey: first sampling, light

grey: second sampling, white: third sampling. The upper panel shows all results >4

ng/mL, and the accompanying descriptive statistics. In the lower panel the results for

participants reporting to drink are excluded.

[ ]

400
(S
I~ °
c
= 8°
i
£ 4
S °
[=T4] o]
S

o8

o]
4 g o
0 5 10 15 20 25 30 35
Day of sampling from day zero
[ ]

_, 400
£
=~
[+14]
c
=
&
£ 4
S o
[+T4] o
S

o8

o
4 o
0 5 10 15 20 25 30 35
Day of sampling from day zero

Early February

Mid February

End February

Early February

Mid February

End February

minimum

maximum
median

>4ng/mL

minimum

maximum
median

>4ng/mL

minimum

maximum
median

>4ng/mL

minimum

maximum
median

>4ng/mL

minimum

maximum
median

>4ng/mL

minimum

maximum
median

>4ng/mL

<4ng/mL
1142
37

572 (84%)

<4ng/mL
405
15
442 (65%)

<4ng/mL
190
7

273 (41%)

<4ng/mL
1142
37
509 (84%)

<4ng/mL
363
15
388 (64%)

<4ng/mL
140
6
229 (38%)

27



Figure 3

Weighted linear regression (1/x) analysis to estimate the relation between the PEth

half-life (y-axis) and the initial PEth concentration (x-axis). Plot A shows the half-life

calculated for the period early to mid February; B for mid to end February; and C for

early to end February.
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Figure 4

Graphical representation of the decision tree, with examples.A and B are two

individuals who admitted drinking in February, C is a sample from a routine case where

we used PEth measurements to follow-up abstinence from the onset on. The blue line

represents the predicted regression line. The green lines represent the prediction

interval around the regression line. Black dots represent the individual data used to

calculate the regression model. The red line and red dots represent the individual case.
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Figure 5

Receiver Operating Characteristic curve showing the change in false positive versus

true positive rate when the cut-off for defining a sample as positive was changed in

steps of “2 units drunk over a period of 14 days” (at least one unit was consumed 14

days before sampling). Numbers accompanying the data points indicate the respective

cut-off.
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