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Objectives: Ethyl glucuronide in hair (hEtG) and serum carbohydrate deficient transferrin (%CDT) are valu-
able markers for alcohol abuse, but their diagnostic accuracy to monitor abstinence and relapse is unclear. Here,
we investigate to what extent repeated measurements of hEtG and %CDT can be used to monitor relapse in
alcohol-dependent patients during abstinence treatment.

Design and methods: HEtG and %CDT were measured in individuals starting treatment for alcohol depen-
dence both at treatment entry and 3 months later. Alcohol consumption and relapse episodes were recorded
using the Time Line Follow Back and by alcohol breath and urine tests, and correlated with hEtG and %CDTmea-
surements.

Results: Fifteen patients completed the study, of which nine had one or more relapses. Hair EtG and serum
%CDT identified whether a relapse occurred in 78% and 57% of cases, respectively. Only hEtG correlated with
the amount of alcohol consumed before treatment entry (Pearson r = 0.92; p b 0.001). The specificity of %CDT
to assess abstinence during treatment was 100%. HEtG had a specificity of only 17%; however, in all patients
who remained abstinent, hEtG decreased with N85% from initial values. Mean hEtG, but not %CDT, differed sig-
nificantly between patients who relapsed and patients who remained abstinent (p = 0.034).

Conclusions:HEtGwasmore sensitive than serum%CDT to assess relapse in alcohol-dependent patients and
was positively correlated with the amounts of alcohol consumed. In contrast, serum %CDT was more specific for
assessing abstinence. We highlight the benefit of repeated measurements of hEtG and serum %CDT for monitor-
ing abstinence during treatment.

© 2016 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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1. Introduction

Monitoring abstinence in alcohol-dependent patients is highly rele-
vant in both legal and medical settings. The detection of alcohol absti-
nence and relapse can have a major impact on legal decisions for
individuals convicted for alcohol related offenses or individuals in high
riskwork settings. Also, it influences healthcare decisions such as the el-
igibility for liver transplantation in case of end stage alcoholic cirrhosis
or the intensification of psychiatric support [1–2].

Direct measurement of ethanol in blood or breath remains the gold-
en standard to detect recent alcohol use. However, the short half-life of
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ethanol of several hours decreases the sensitivity and thus utility of
thesemethods to detect alcohol relapses in the prior weeks. The limited
diagnostic value of indirect markers such as liver tests, reflecting tissue
damage, fueled the search for additional biomarkers. Carbohydrate de-
ficient transferrin (%CDT) is an iron transporter protein that can be de-
tected in serum to assess excessive alcohol use [3–4]. Improvements in
the analytical techniques to quantify serum %CDT levels have increased
its sensitivity and specificity [5–6]. Serum %CDT has a half-life of circa
15 days and thus gives an indication of the alcohol use in the last 2 to
4 weeks [7]. Ethyl glucuronide (EtG) is a phase II metabolite of alcohol
that accumulates in hair [8]. Studies have shown that EtG in scalp hair
(hEtG) is a highly sensitive and specific marker for the detection of
chronic moderate and excessive alcohol consumption [8–9]. HEtG con-
centrations in the proximal 3 cmhair length correlatewellwith the con-
sumed amount of alcohol in the last 3 months in alcohol-dependent
individuals [10]. HEtG thus has a broader detection window compared
hts reserved.
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Table 1
Analytical protocol for the extraction and measurement of ethyl glucuronide in hair.

Place 30 mg of powdered hair sample in a vial and add
20 μL EtG-d5 (0.2 μg/mL)
2 mL water

Close the vial, vortex for 15 s, and ultrasonicate the sample for 2 h
Centrifuge for 10 min at 2500 g
Condition OASIS MAX cartridge with 2 mL methanol and 2 mL water
Place the aqueous phase of the sample on the cartridge and add

1 mL 5% NH3 in water
2 mL MeOH

Dry the cartridge under vacuum
Add 2 mL 2% formic acid in methanol and dry the effluent using N2

For derivatization, add 100 μL PFPA and vortex
Close immediately and heat to 60 °C for 30 min
Dry the sample with N2

Add 50 μL ethyl acetate, vortex, and place in screw cap vial
Inject 1 μL into the GC–MS system
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with ethanol blood levels and serum %CDT. On the other hand, hEtG
would have limited diagnostic value when assessing alcohol use of the
past week compared to %CDT, because EtG-containing hair needs to
first grow out of the hair follicle to the visible hair part to be detectable
upon analysis. To address both time windows (recent use and chronic
use), it has been suggested that hEtG and %CDT biomarkers may be
combined for a more complete picture of both previous and current al-
cohol use [11].

The kinetic behavior of serum %CDT and hEtG in alcohol-dependent
patients after alcohol withdrawal has been underreported. A large mul-
ticenter study showed that %CDT decreased significantly from initial
levels between 1 and 4 weeks following abstinence, and that relapse
during the course of the study correlated with a 30% increase in %CDT
levels in the first week following the relapse [12]. For hEtG, a study in
15 alcohol-dependent patients showed that hEtG declined only moder-
ately after the start of abstinence, probably due to the presence of non-
growing hair [8]. Earlier studies comparing %CDT and hEtG investigated
abstinence assessment after chronic alcohol consumption [13–14],
thereby lacking repeated measurements (i.e., within one individual).
These studies were performed in the context of drunk drivingwhere al-
cohol use in the prior months could be underreported [13–14], whereas
the latter study [13] reports hEtG results with a cut-off of 30 pg/mg hair
which is not representative for abstinence assessment (Society of Hair
Testing (SoHT) guideline on hEtG [15]). Information on the duration
of abstinence required for a negative test outcome is of major impor-
tance for the interpretation of a single test result in order to detect alco-
hol relapse or confirm sustained abstinence [16]. So far, few studies
focused on the assessment of alcohol relapse based on multiple mea-
surements [16]. We hypothesize that the combined measurement of
serum %CDT and hEtG will be an improved decision tool especially for
the assessment of alcohol relapse over a broad timewindow. Therefore,
we investigated whether hEtG and/or %CDT can be used as an objective
tool for the detection of relapse in alcohol-dependent patients.

2. Material and methods

2.1. Participants

Alcohol-dependent individuals starting an in-patient treatment for
alcohol dependence were recruited from a Belgian addiction treatment
center (Broeders Alexianen, Boechout, Belgium). Patientswere required
to have hair length N 3 cm and be N18 years old. Patients were excluded
from study participation if they entered an alcohol detoxification pro-
gram in the prior 3 months or if they had an alcohol-free period of
more than 7 consecutive days in the 3 months prior to study inclusion.
Patients with liver and kidney diseases were also excluded (assessed by
serum transaminases, bilirubin and creatinine laboratory test values
N3× reference interval). The work has been carried out in accordance
with The Code of Ethics of the World Medical Association (Declaration
of Helsinki). The study was approved by the Ethics Committee of the
Antwerp University Hospital (registration number: B300201215330)
and all included patients signed informed consent.

2.2. Questionnaires and sample collection

Alcohol consumption was recorded using the Alcohol Timeline
Follow Back Interview (TLFB; [17]), a widely used and validated tool
to assess daily retrospective alcohol consumption and relapse [18].
Alcohol consumption was recorded at baseline (i.e., at treatment
entry) to assess retrospective alcohol consumption in the three months
prior to entry, andwas re-assessed following threemonths treatment to
assess relapse. Urine alcohol and alcohol breath tests were performed
by the treatment center sporadically as part of the clinical routine and
the informationwas used to verify the relapses documented by patients
on the TLFB at the end of the study. Age, gender and body mass index
(BMI) were recorded at baseline. Hair characteristics (length, color,
Please cite this article as: C.L. Crunelle, et al., Hair ethyl glucuronide and ser
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daily washing and cosmetic treatments) were assessed by interview at
baseline and three months later.

At baseline and 3 months later, a strand of hair (approximately
50 mg) was collected from the vertex posterior as close as possible to
the scalp for hEtG measurements, in accordance with the Consensus
on Hair Testing guidelines provided by the SoHT (see further). In paral-
lel, blood from the arm vein was collected in a serum tube (4 cm3) for
%CDT measurements (see further).

2.3. Hair EtG measurements

Collected hair strands were stored in aluminum foil at room-
temperature until analysis. The proximal 3 cm hair segment was used
for hEtG measurement, in order to obtain data on alcohol consumption
of the prior threemonths. Hairswerewashedwithwater and acetone to
remove external contamination, and pulverized to powder using a ball
mill (Retsch MM400). Of the pulverized sample, 30 mg was carefully
weighted and used for further analysis using gas chromatography–
mass spectrometry (GC/MS) in negative chemical ionization mode
following solid-phase extraction on Oasis MAX cartridges and derivati-
zation with pentafluoropropionic anhydride (PFPA), as reported earlier
[19]. Our protocol for the measurement of EtG in hair is presented in
Table 1. The limit of detection (LOD) was 0.7 pg/mg and the lower
limit of quantification (LLOQ) was 2.1 pg/mg. The method validation
was reported earlier [20]. According to the SoHT guidelines, a hEtG
result ≥7 pg/mg is considered a positive result, i.e. indicates regular
alcohol consumption. A hEtG result ≥30 pg/mg proposes chronic exces-
sive alcohol consumption of N60 g alcohol per day over several months
[15]. External quality control was assessed through participation to two
international inter-laboratory comparison schemes organized by the
SoHT (www.soht.org) and by Arvecon (www.arvecon.de).

2.4. Serum CDT measurements

Collected serum tubes were centrifuged at 5000 rpm for 10 min and
the serumwas stored at−20 °C until analysis. %CDTwas analyzed using
capillary electrophoresis on the Capillarys 2 (Sebia). A cut-off of 1.6%
(% of di-sialo-transferrin compared to total transferrin) was used as a
positive test result [6].

2.5. Statistics

Statistical analyseswere performed using SPSS IBM software version
20, and all data were checked for normality using Shapiro–Wilk tests.
Patient characteristics, alcohol consumption, hEtG concentrations and
%CDT measurements between relapsing and abstinent patients were
analyzed using independent sample T-tests (for parametric data),
Mann–Whitney U tests (for non-parametric data) or Chi-square tests
um carbohydrate deficient transferrin for the assessment of relapse in
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Fig. 1.Mean difference inhair ethyl glucuronide (hEtG) concentrations between the group
of patients who remained abstinent during treatment and the group of patients who
relapsed during treatment.

Table 2
Overviewof sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of hair ethyl glucuronide (hEtG) and serumcarbohydrate deficient transferrin
(%CDT) to assess alcohol relapse in a population of 15 alcohol-dependent patients who
started an alcohol detoxification program.

hEtG %CDT

Sensitivity (relapse) 78% 57%
Specificity (relapse) 17% 100%
PPV (relapse) 58% 100%
NPV (relapse) 33% 72%

3C.L. Crunelle et al. / Clinical Biochemistry xxx (2016) xxx–xxx
(for frequencies). Linear regression analyses were used to analyze
and describe partial correlations between hEtG, %CDT, and alcohol con-
sumption. For hEtG, we investigated alcohol consumption (on the TLFB)
of the prior three months for comparison with hEtG concentrations. For
%CDT, due to its shorter half-life [7,21], correlations were investigated
with alcohol consumption over the prior 1month before %CDTmeasure-
ment. Finally, sensitivity (i.e., true positive rate), specificity (i.e., true
negative rate), negative predictive value (NPV) and positive predictive
value (PPV)were calculated. Data are described asmean± standard de-
viation (SD) or as median ± interquartile range (IQR) where specified.
A p-value b0.05 was considered statistically significant.

Sub-analyses were performed to additionally compare hEtG con-
centrations between patients who remained abstinent, patients who
relapsed on b10 drinking days and on N10 drinking days in the past
threemonths. In parallel, %CDTmeasurementswere compared between
patients who had no drinking days in the past month, had b10 drinking
days and had N10 drinking days in the past month. An ANOVA test was
used to compare between-group differences, and student T-tests were
used to assess post-hoc between-group differences.

3. Results

3.1. Participants and hair characteristics

Forty-two patients were included, of which 16 completed the study.
Eleven patients withdrew informed consent, 6 patients left the treat-
ment center and became untraceable, and 9 patients did not show up
to the final study appointment. One patient claimed abstinence, while
having three positive alcohol breath tests (all after the weekend during
sporadic testing onMondays at the treatment center) andwas excluded
from analyses. As a result, we present data of 15 patients who complet-
ed the study.

Patients remained in in-patient treatment for a mean of 67 ±
49 days, and 5 patients remained in in-patient treatment for the entire
study protocol. Patients were 46 ± 10 years old, had a mean BMI of
24.8 ± 3.0, and were predominantly males (67% males). Patients had
blond (N = 5), brown (N = 7), or white (N = 3) hairs. Three patients
had colored hair, and none had bleached, permed or straightened
their hairs in the prior 3 months.

3.2. Baseline hEtG and serum CDT for the assessment of alcohol
consumption

At treatment entry, participants consumed a mean of 15,603 ±
6564 g alcohol over the total prior three months period (range 75–
318 g/day; normally distributed: Shapiro–Wilk p = 0.317). Hair EtG
concentration ranged between 41.7 and 639.4 pg/mg (144.8 ±
146.4 pg/mg; median ± IQR) and were thus all above the cut-off of
30 pg/mg used to detect chronic excessive alcohol consumption. In con-
trast, serum %CDT measurements were positive for only 6 participants
(range 1.8–4.9%), but negative for the 9 other participants (range 0.4–
1.6%). No participants were heterozygote for transferrin. This resulted
in sensitivity for hEtG of 100% compared to a sensitivity for %CDT of
40% to detect chronic alcohol consumption prior to treatment entry.

There was a strong linear and positive correlation between the total
amount of alcohol consumed in the three months prior to treatment
entry and hEtG concentrations at treatment entry (r = 0.92; p b 0.001).
Serum %CDT did not correlate with the amounts of alcohol consumed
at baseline (p = 0.961).

3.3. Hair EtG for the assessment of relapse

Nine patients relapsed during the 3-month study period, consuming
800 ± 7160 g alcohol (median ± IQR; range: 80–16,000 g alcohol/
3 months) on 9 ± 50 drinking days (median± IQR; range: 2–80 drink-
ing days). Because of this large variation in amount of drinking days,
Please cite this article as: C.L. Crunelle, et al., Hair ethyl glucuronide and ser
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sub-analyses with major and minor amount of drinking days are also
described (see further). Relapse episodes were recorded on the TLFB
and were corroborated by results of random alcohol tests at the treat-
ment center. Six patients remained abstinent in the 3-month period.
There were no statistically significant differences in age, gender distri-
bution, BMI, and hair characteristics (color and cosmetic treatments)
between the group of patients who relapsed and who remained absti-
nent (all p N 0.149).

In 7 of 9 patients who relapsed during treatment, hEtG was positive
with mean hEtG concentrations of 124.0 ± 76.9 pg/mg (range 25.6–
258.0 pg/mg; Shapiro–Wilk p = 0.810). Two patients who relapsed
had hEtG results below the cut-off 7.0 pg/mg, represented by concen-
trations of 6.4 and 2.8 pg/mg. These two patients had minor relapses
(b10 drinking days, see sub-analyses presented further). In patients
who relapsed in the three months following treatment entry, we ob-
served a positive linear correlation between the amount of alcohol con-
sumed and hEtG concentrations (r = 0.82; p = 0.007).

In patients who remained abstinent during treatment, hEtG concen-
trationsdecreasedwith N85% frombaselinehEtGmeasurement at treat-
ment entry (mean hEtG change from baseline: 93.5% ± 5.4%; range
85.9–100.0%). HEtG concentrations were bLLOQ (2.1 pg/mg) in only
one participant. Four participants who remained abstinent had positive
hEtG concentrations, however below the cut-off of 30 pg/mg (mean
13.1 ± 2.4 pg/mg; range 10.5–15.2 pg/mg; Shapiro–Wilk p = 0.628),
and one participant had a high hEtG concentration of 39.9 pg/mg hair
while claiming abstinence. Together, mean hEtG concentrations were
significantly higher in patients who relapsed compared to mean hEtG
concentrations in patients who remained abstinent (p = 0.034; see
Fig. 1). Specificity, sensitivity, NPV and PPV are presented in Table 2.
um carbohydrate deficient transferrin for the assessment of relapse in
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Fig. 2. Sub-analyses showing the differences in hair ethyl glucuronide (hEtG) concentrations (A) and carbohydrate deficient transferrin (%CDT; B) in participants that remained abstinent,
and participants who had minor and major relapsing episodes in the prior 3 months (for hEtG) or in the prior month (for %CDT).
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3.4. Serum %CDT for the assessment of relapse

Over the lastmonth before %CDT sample collection after 3months, 7
patients relapsed and 8 remained abstinent. Amounts of alcohol con-
sumed during relapse episodes in the prior month were 500 ± 4140 g
alcohol (median± IQR; range: 10–6000 g alcohol/month),with amedi-
an of 3 ± 26 drinking days (range: 1–30 drinking days over the final
month).

In patients who relapsed in the prior month, %CDT values were pos-
itive in 4 of 7 patients (median± IQR: 1.90± 2.25%; range 1.90–4.90%).
%CDT values in participants who remained abstinent in the prior month
were all below cut-off (mean 0.68± 0.32%; range 0.20–1.30%; Shapiro–
Wilk p = 0.646). Sensitivity, specificity, PPV and NPV of %CDT are pre-
sented in Table 2. In patientswho relapsed andwho remained abstinent
in the prior month, %CDT did not significantly differ between groups
(p = 0.094).

We observed a correlation between %CDT measurements after
3 month treatment and the amounts of alcohol consumed during re-
lapsing episodes in the prior month (r = 0.71; p = 0.003).
Table 3
Overview of hair ethyl glucuronide (hEtG) and %CDT values in participants with no drink-
ing days, b10 and N10 drinking days.

No drinking
daysa

b10 drinking
daysa

N10 drinking
daysa

p-Value
(ANOVA)

EtG (pg/mg) 13.7 ± 14.2b

(sample N = 6)
44.4 ± 49.3
(sample N = 5)

163.8 ± 73.7
(sample N = 4)

0.001

%CDT 0.68 ± 0.32
(sample N = 8)

1.00 ± 0.70
(sample N = 4)

2.90 ± 1.73
(sample N = 3)

0.006

a In the past threemonths for EtG concentrations; in the past 30 days for %CDTmeasures.
b Important for interpretation: one concentrationwasbLLOQandwas includedas value

0.0 pg/mg for calculation purposes.
3.5. Sub-analyses between abstinent patients and patients with major and
minor amount of drinking days during relapse on hEtG and serum %CDT

Because of a wide range of drinking days within patients who re-
lapsed (from2 to 80 over the past threemonths; and from1 to 30drink-
ing days in the prior month), and taking into account the clinical
significance of distinguishing full relapse from minor relapsing epi-
sodes, sub-analyses were performed. A limit of 0, b10 and N10 drinking
days was used for analyses, to obtain groups of similar sample size for
analyses.

HEtG concentrations were statistically different between groups
of patients with 0, b10 or N10 drinking days in the past 3 months
(ANOVA p = 0.001; see Fig. 2). Also, post-hoc, hEtG concentrations
were significantly different between patients with b10 drinking days
and patients with N10 drinking days in the 3-month treatment period
(p = 0.022). No difference in mean hEtG was observed post-hoc be-
tween abstinent patients and patients who relapsed with b10 drinking
days in these three months (p = 0.175; NS).

For %CDT,we observed a difference between patientswho remained
abstinent and patients who relapsed with b10 and N10 drinking days
(ANOVA p = 0.006; see Table 3). However, post-hoc analyses showed
that the differentiation could only be made between patients who
remained abstinent and patients who relapsed with N10 drinking
days in the prior month (p=0.004), and not between patients who re-
lapsedwith b10 and N10 drinking days (p=0.097; NS) or between pa-
tients who remained abstinent and relapsed with b10 drinking days
(p = 0.284; NS).
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4. Discussion

We show that hEtG is a sensitivemarker to assess relapse in alcohol-
dependent patients, correlating well with the ingested amount of alco-
hol in this period. Through repeated measurements, we provide insight
in the kinetic behavior of increased hEtG levels in alcohol-dependent
patients after a period of abstinence.

All patients in the alcohol withdrawal program had hEtG levels
N30 pg/mg at inclusion, confirming the good sensitivity of hEtG for
the detection of alcohol dependence [10]. HEtG levels decreased sig-
nificantly in alcohol-dependent patients who remained abstinent for
3 months. But, remarkably, only one abstinent patient reached the
proposed hEtG cut-off level for abstinence (b7 pg/mg). Thus, our data
challenge the proposed hEtG cut-off level for abstinence in alcohol-
dependent patients who remained abstinent for 3months, but repeated
measurements can show a significant reduction in hEtG levels that can
be used to presume abstinence. This finding has major implications for
legal or clinical decision-making. When applying this cut-off level in
these patients, the low specificity will result in falsely accusing them
of relapse and the subsequent refusal of working permits or even a
life-saving procedure such as a liver transplantation. HEtG levels in pa-
tients with a recently installed abstinence might not be comparable
with hEtG levels in abstinent patients who never had an alcohol use dis-
order or alcohol-dependent patients who remained abstinent for a lon-
ger time period. Most likely, this can be explained by the presence of
hair in a non-growing cycle, lasting until 8 weeks, and that will repre-
sent 15% of the total amount of hair analyzed, as was presented in an
earlier study [8]. These hairs in catagen or telogen phases will lead to
hEtG values remaining positive for a longer time in the 0–3 cmhair seg-
ment in case of former heavy drinking. Our results indicate the need for
further studies with repeated measurements on different time points
after the start of abstinence and the simultaneous analysis of hEtG levels
in different hair segments, as performed earlier [8]. This might lead to a
more reliable use of hEtG cut-off levels to differentiate relapse from ab-
stinence in patients with recent alcohol abuse. Moreover, the decrease
um carbohydrate deficient transferrin for the assessment of relapse in
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of hEtG levels in all alcohol-dependent patients who remained absti-
nent suggests that this change itself might serve as the superior bio-
marker and might overcome inter-individual differences complicating
the determination of cut-off levels. In this regard, an important point
to take into consideration is the assessment of relapse, which was per-
formed here using repeated personal interviews, and sporadic breatha-
lyzer and urine alcohol tests, but not by urinary EtG. It is therefore still
possible that, among the presumed abstainers, somemayhave had a co-
vert relapse.

As for other biomarkers of alcohol consumption, several factors may
influence the interpretation of EtG measurements, especially in a com-
plicated matrix as hair. Many possible confounders have been investi-
gated or are currently under investigation, which is of importance
when interpreting hEtG concentrations that oppose self-report. For
hEtG, it has been shown that the incorporation is not influenced by
pigmentation [22], and neither by gender [10]. However, if the hairs
have been bleached, colored, repeatedly styled or permed, the chance
for a false negative result increases [23–24]. The use of hair lotions
containing EtGhas been described [25] andmay lead to false positive re-
sults, but ethanol-containing products were found not to increase hEtG
concentrations [26]. It is therefore important to record information on
e.g., cosmetic hair treatments and lotionswhen obtaining a hair sample.
However, compared to the measurement of %CDT, hEtG is a direct pa-
rameter, and its presence can be detected long before liver damage
occurs.

This study confirms that %CDT is a marker of recent alcohol relapse/
abuse, given the higher sensitivity in patients who relapsed in the
month prior to testing and the positive correlation with the consumed
amount of alcohol in this period. The detection ofminor relapse remains
problematic. Two of the four patients with minor relapses in the prior
month, defined as b10 drinking days, were not detected by hEtG or
%CDT. In addition, hEtG levels were not significantly different between
abstinent patients and patients who relapsed with b10 drinking days
in the prior threemonths. Concerning the interpretation of %CDT values,
we should be aware of the %CDT-nonresponders (i.e., the group of peo-
ple who drink alcohol regularly without having increased %CDT levels),
as in these individuals even normal %CDT values cannot exclude alcohol
abuse.

In order to reduce the rate of false positive results, a %CDT cut-off of
2.3% (instead of 1.6%) is sometimes used, with values between 1.6% and
2.3% being reported as a ‘grey zone’ that needs retesting.When applying
this higher cut-off to our patient sample, the sensitivity for %CDT to
detect chronic alcohol consumption prior to treatment entry was only
minimally reduced from 40 to 33%, i.e., only one participant had %CDT
in the grey zone, whereas 5 of 6 patients with %CDT values N1.6% also
had values N2.3%.

This study included a small number of participants, and our results
need to be confirmed in a larger cohort of alcohol-dependent patients.
The high drop-out rate (only 16 of 42 patients finalized the study) re-
flects the problematic compliance to the study protocol of this specific
population, especially when repeated measurements for abstinence as-
sessment are required. Another limitation is that the study observation
period has been covered in full by hEtG, but not by %CDT (i.e., only the
final month was addressed by %CDT). Analyzing more blood samples
for %CDT during the investigation period would have increased the
comparability of the two data sets. Finally, advanced liver disease can
impact the accuracy of %CDT: cirrhosis can lead to an incomplete sepa-
ration of disialotransferrin and trisialotransferrin, namely di- and
trisialotransferrin-bridging. In our study, the patients had no history of
liver disease and we found no patients with di- and trisialotransferrin-
bridging.

5. Conclusions

Our study highlights the benefit of repeated measurements of hEtG
and serum %CDT for monitoring abstinence in alcohol-dependent
Please cite this article as: C.L. Crunelle, et al., Hair ethyl glucuronide and ser
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patients during abstinence treatment. Caution is warranted when
interpreting a single measurement of hEtG concentration in patients
with recently installed abstinence and misclassifying them on the
basis of current proposed cut-off levels. Therefore, repeated measure-
ments of both biomarkers offer important future prospects.
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