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Abstract — Aims: Analysis of ethyl glucuronide (EtG), a minor metabolite of ethanol, is a valid tool for the assessment of social
and chronic excessive alcohol consumption. Standardized analysis of EtG is usually done in head hair. As head hair cannot always
be provided, alternative hair matrices become more and more interesting. Therefore, a study was performed that compared the intra-
individual EtG concentrations in scalp hair and non-head hair (chest, arm, leg and axillary hair). Methods: Hair samples were col-
lected from 68 subjects undergoing an expert assessment for fitness to drive. Aqueous extracts of the hair matrix were cleaned by
solid-phase extraction, using an Oasis MAX column. EtG was first derivatized with perfluoropentanoic anhydride and then quanti-
fied by GC-MS/MS in negative chemical ionization mode, using EtG-d5 as internal standard. Results: For categorizing drinking be-
haviour, the two EtG cut-off values recommended by the Society of Hair Testing were applied for all different hair types. For chest,
arm and leg hair, correct classification ratios were >83%. This corresponds to sensitivity values >78% and specificities >75%. Such
values indicate together with ¢ coefficients (r,)>0.7 a high correlation of the categorization of the drinking behaviour based on
these body hair EtG concentrations compared with the indexing based on scalp hair EtG-values. However, it must be taken into con-
sideration that the time frame represented by non-head hair may extend way back. Conclusions: These results indicate that chest,
arm and leg hair can be a valid alternative to assess the drinking behaviour of a subject if head hair is not available; whereas axillary

hair is not suitable as alternative matrix.

INTRODUCTION

The quantitative determination of ethyl glucuronide (EtG) in
scalp hair as a direct alcohol marker has become a standard
method in both clinical and forensic toxicology (Wurst
et al., 1999). It is a useful aid in the retrospective assessment
of alcohol consumption, providing a specific window of de-
tection that depends on the length of the hair sample
(Liniger et al., 2010; Kharbouche et al., 2012).

In general, one unit of alcohol consists of 89 g of
pure alcohol in an alcoholic beverage, equivalent to a glass
(10 cl) of wine or one glass (25 cl) of beer. The consumption
of > 4 units of alcohol per day for men and >2 units per day
for women is considered harmful and, in the long term,
has been shown to constitute a health risk. The World Health
Organization guidelines (WHO, 2000) and the Swiss
Institute for the Prevention of Alcohol and Drug Problems
(Schweizerische Fachstelle fiir Alkohol- und andere
Drogenprobleme, 2013) define risk categories on the basis of
the amount of alcohol consumed. The three categories are
abstinence, low-risk drinking and high-risk drinking. In
adults, low-risk drinking is the daily consumption of <40 g
pure ethanol for women and <60 g for men. Anything above
those levels is considered high-risk drinking.

When assessing alcohol consumption by means of hair
analysis, the EtG concentration is allocated to one of three
categories: ‘negative’, ‘social drinking’ and ‘chronic exces-
sive consumption’. According to the recommendations of the
Society of Hair Testing (SoHT, 2012), the threshold between
‘social drinking’ and ‘chronic excessive alcohol consump-
tion’ is the higher cut-off of 30 pg/mg (Kintz, 2012). Values
below the lower cut-off of 7 pg/mg are ‘negative’ and indi-
cate a non-relevant alcohol consumption or abstinence
(Swiss Society of Legal Medicine SGRM, 2009; Society of
Hair Testing, 2012). If EtG is not detected at all, this may

indicate total abstinence but the consumption of a small
quantity of alcohol cannot be excluded. These threshold
values are derived from different studies based on the ana-
lysis of scalp hair, which is the preferred specimen for EtG
analysis (Skopp et al., 1995; Yegles et al., 2001; Wurst
et al., 2003; Appenzeller et al., 2007; Pirro et al., 2011a;
Kharbouche et al., 2012).

Body hair can be of interest in those cases where no scalp
hair is available. So far, there have been only a few studies
investigating the suitability of non-head hair for EtG moni-
toring. It could be shown in these studies that axillary and
pubic hair are not suitable to assess drinking behaviour,
whereas chest hair could be considered an alternative matrix
for the determination of EtG in secondary hair (Kerekes
et al., 2009; Pirro et al., 2011b). The incorporation mechan-
ism of EtG into the hair matrix is still not fully known.
There is evidence that the dominant route is incorporation in
the hair root from blood (Schriader et al., 2012). However,
for all different types of body and scalp hair a congeneric
route of incorporation can be assumed.

For forensic purposes, it is of great importance to know
the time frame within which the consumption behaviour was
monitored. In general, this time period correlates with the
hair length: the longer the hair, the wider the time frame. For
the estimation of this time period, two main factors have to
be taken into account. These are the hair growth rate during
the anagen phase and the percentage of the hair in the
telogen phase. Hair growth is a highly active metabolic
process. The duration of the different phases of the hair
growth cycle (anagen—catagen—telogen) depends on the
type and localization of the hair follicle. Table 1 gives an
overview of literature describing these two factors in scalp
hair and body hair. It is obvious that these two parameters
(growth rate and percentage of hair in telogen phase) differ
significantly between scalp hair and hair from different body
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Table 1. Summary of hair growth parameters: growth rate, percentage of hair in the anagen and telogen phases and estimated duration of these phases (month)

Growth rate Anagen phase Anagen Telogen phase Telogen Overall cycle

Hair type (cm/month) (months) phase (%) (months) phase (%) time (months) References

Scalp hair 48-144 2-6 Attenberger and Wiirfl (1981)

Scalp hair 1.05 6-18 85 3-4.25 13 Richards et al. (1990) and Richards
and Meharg (1991/1997)

Scalp hair 0.6-1.5 24-144 80-85 6 10-15 Pragst et al. (1998)

Scalp hair 0.84-1.41 48-144 5-20 Pragst (2005)

Scalp hair 1.05 24-72 3 Vogt et al. (2008)

Scalp hair 1 60 85 5 10 4

Chest hair 1.05 4 30 4.5 70 Richards et al. (1990) and Richards
and Meharg (1991/1997)

Chest hair 0.81 50 4-10 Pragst and Sachs (2007)

Chest hair 1 4 40 4.5 60 4

Axillary hair 0.9 4 30 3 70 Richards et al. (1990) and Richards
and Meharg (1991/1997)

Axillary hair 0.87-0.99 50 23-35 Pragst and Sachs (2007)

Axillary hair 0.87-1.00 11-18 50 Pragst (2005)

Axillary hair 0.9 Vogt et al. (2008)

Axillary hair 0.9 9 40 3 60 .

Arm hair 0.9 3.25 20 3 80 Richards et al. (1990) and Richards
and Meharg (1991/1997)

Arm hair 1-4 60 Pragst (2005)

Arm hair 60 4-6 Pragst and Sachs (2007)

Arm hair 1.5-3 1.75-3.25 Vogt et al. (2008)

Arm hair 0.9 3 30 3 65 4

Leg hair 0.63 4 20 6 80 Richards et al. (1990) and Richards
and Meharg (1991/1997)

Leg hair 0.39-0.75 3-6 Pragst and Sachs (2007)

Leg hair 0.6 4.75-6.5 3.25-8.5 Vogt et al. (2008)

Leg hair 0.7 5 20 6 70 N

“Used in this study.

regions. This makes it difficult to find a common definition
to estimate the time window for scalp and body hair,
respectively.

The present study represents an intra-individual compari-
son of EtG in scalp hair and body hair. The aim of the study
was to compare the categorization of the alcohol consump-
tion behaviour based on EtG measured in different types of
hair samples. Furthermore, the suitability of the established
cut-off values for scalp hair was investigated for body hair.

MATERIALS AND METHODS

Chemicals and reagents

All chemicals and reagents were of analytical purity grade.
EtG and the internal standard EtG-d5 were purchased by
MediChem (Stuttgart, Germany); pentafluoropropionic an-
hydride (PFPA) and formic acid were obtained from
Sigma-Aldrich (Buchs, Switzerland). Acetone, hexane,
methanol, ethyl acetate (dried over molecular sieve (Union
Carbide AW 300 4 A, from Fluka (Switzerland)) and
ammonia 25% were from Merck (Darmstadt, Germany).

Hair samples

Scalp and secondary hair samples were obtained from 68
subjects. The samples were provided as part of an expert as-
sessment for fitness to drive, in order to confirm the alcohol
consumption claimed. Scalp hair values were used in the as-
sessment process. This corresponds to the standard procedure
for forensic expert reports (Swiss Society of Legal Medicine

SGRM, 2009). The investigations were performed on hair
samples from volunteers after informed consent according
the declaration of Helsinki (World Medical Association,
2008). The conditions for voluntary participation in the
study were consistent drinking behaviour over at least the
last 6 months, no cosmetic treatment of the hair such as
tinting, dyeing, perming or bleaching, scalp hair of at least
2—4 cm in length and an adequate quantity of secondary hair.
Two tufts of scalp hair were cut off as close to the head as
possible. Secondary hair from the chest, arms, legs and/or
axilla was shaved off with a disposable razor. The entire
length of the secondary hair was analysed, while only the
proximal segment of the scalp hair was tested up to a
maximal length of 5 cm. Not all subjects could provide hair
samples from all different body regions.

Drinking behaviour over the preceding 6 months was
determined with the Alcohol Use Disorders Identification
Test (AUDIT) questionnaire (Babor et al., 1989). Question
numbers 1 and 2 of the questionnaire allow an estimation of
the average alcohol consumption per day to be calculated as
ethanol daily intake (EDI, g/d). Additionally, the frequency
of hair washing per week and the use of special shampoos
were recorded.

Hair length and the window of detection

Hair of a given length correlates with a time frame defined
by minimum and maximum values, respectively. The
minimum level of this frame is determined by hair in the
anagen phase. It can be calculated by the ratio of hair length
to growth rate. On the other hand, for the estimation of the
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maximum value, the entire hair growth cycle has to be taken
into account. As a rule of thumb to estimate the maximum
value of the time window the following formula is suggested
in this study:

Hair length

Ti dow —
e WIRCOW = G rowth rate x ((1 — Telogen% )/100)

For scalp hair with follicles persisting for one cycle for up to
6 years, with a mean growth rate of 1.1 cm/month and with a
mean telogen percentage of 10%, the calculated maximum of
the time window in months is equal to the measured length of
the hair strand in cm. However, this estimation of the time
frame is much more complicated for body hair as they exhibit
a higher amount of hair in the telogen phase. Body hair of one
subject does not have a uniform length but an asymmetrical
length-distribution (Seago and Ebling, 1985). Therefore, for
the calculation of the maximum value of the time frame for
body hair, the 75% percentile was used together with the
growth rate and percentage of telogen hair given in Table 1.

Extraction procedure and sample preparation

EtG was determined quantitatively by means of gas
chromatography-negative ion chemical ionization—tandem
mass spectrometry (GC-NICI/MS/MS) using the method
first described by Yegles et al. (2001) and modified by
Kerekes et al. (2009). Analysis and assessment of the results
were in line with the recommendations of the Swiss Society
of Legal Medicine SGRM (2009).

Between 20 and 30 mg of hair samples were washed twice
(15 ml of deionised water followed by 10 ml of acetone for 3
min each) with vigorous shaking. After drying, the hair was
finally cut and pulverized in a 2 ml Eppendorf tube with a
tungsten carbide ball (7 mm diameter) on a bench top shaker.
Extraction was done with 1.5 ml of deionized water and 50 ul
of EtG-d5 as internal standard (IS, 20 pg/ul). After centrifuga-
tion, a solid-phase extraction was done using an Oasis MAX
column, previously conditioned with 2 ml of methanol and 2
ml of deionized water. Once the sample was applied to the cart-
ridge, the column was washed with 1 ml of water/ammonia
(95/5, viv) followed by 2 ml of methanol. After drying for 10
min, elution was achieved using 2 ml of methanol/formic acid
(98/2, v/v). The eluate was dried under nitrogen at 35°C. The
residue was derivatized with 80 ul PFPA, dried under nitrogen
and reconstituted with 50 pl of ethyl acetate.

GC-MS/MS conditions

A Trace GC Ultra gas chromatograph coupled to a TSQ
Quantum GC mass spectrometer (both from Thermo
Scientific) was used for the quantification of EtG. The gas
chromatograph was running with a programmed temperature
Vaporization (PTV) injector in back-flush mode.
Additionally, the system was equipped with a TriPlus auto-
sampler (Thermo). Chromatographic separation was achieved
using a fused silica capillary column J&W DB-5 MS (30 m
length x 0.25 mm i.d. X 0.25 um film thickness) coupled to a
T-connector to a precolumn (J&W DB-5 MS, 1 m length x
0.53 mm i.d. x 0.50 um film thickness). The carrier gas was
helium at a constant flow of 2 ml/min. One microlitre was
injected in splitless mode on the PTV injector at 250°C. The
transfer line was held at 200°C. The initial oven temperature

of 80°C was kept for 3 min, increased first at 25°C/min up
to 200°C and then ramped at 40°C/min up to 280°C.
Samples were ionized by negative chemical ionization with
methane as reagent gas (flow 2.0 ml/min). The ion source
temperature was kept at 140°C with an emission current of
150 pA. Data acquisition was performed in the selected reac-
tion mode. The collision energy was constant at 7 eV for the
transitions m/z 496 163 and m/z 501 163 (quantifier), re-
spectively, and transitions m/z 377 163 and m/z 382 163 and
transitions m/z 349 119 and m/z 354 119 (qualifiers). The
system was run and the data were evaluated with the
Excalibur software 1.5.2.

Categorization of drinking behaviour and statistical
evaluation

For each type of body hair, a Wilcoxon test was used for an
overall comparison of EtG concentration in scalp hair and
the one determined in the corresponding body hair samples
of each individual.

Based on the EtG concentrations, scalp and secondary hair
samples were allocated to one of three drinking categories:
‘negative’ (i.e. non-relevant alcohol consumption or abstin-
ence), ‘social drinking’ (also referred to as moderate con-
sumption) or ‘chronic excessive consumption’ (also
long-term heavy drinking), using two cut-off values. The
lower cut-off of 7 pg/mg separated ‘social drinking’ from
‘negative’, while the higher cut-off of 30 pg/mg was used to
distinguish ‘chronic excessive consumption’ from ‘social
drinking’. The significance of this categorization was evalu-
ated by Fisher’s exact test, because the number of cases was
too small for an examination with a y*-test.

After categorizing all hair samples, the indexing of each
secondary hair was compared with the indexing of the corre-
sponding scalp hair as reference. Equal classification of body
hair sample with the corresponding scalp hair sample was
evaluated as ‘true’, below the cut-off as ‘true negative’ (TN)
and above the cut-off as ‘true positive’ (TP). Unequal classi-
fications were evaluated as ‘false positive’ (FP) and as ‘false
negative’ (FN), respectively. Based on these four frequencies
by category of a 2x2 contingency table, the sensitivity
(Sens.), the specificity (Spec.), the correct classification rate
(CCR) and the ¢ coefficient r, were calculated to evaluate
the significance of the categorization of the drinking behav-
iour based on EtG concentrations determined in different
body hair samples. This analysis was done separately for
both threshold limits (lower cut-off 7 pg/mg and higher
cut-off 30 pg/mg) and for each type of body hair.

S TP
ens. =
TP+FN
S ™
cC. =
PeC = IN+FP
cer —_ TPHTN

TP+FN+ TN+FP
B (TP xTN) + (FP x FN)
"¢ = /(TN+FN)(TP + FP)(TN + FP)(TP+EN)




298 Pianta et al.

RESULTS AND DISCUSSION

In total, hair samples from 68 subjects were analysed in this
study. Scalp hair was obtained from all 68 volunteers aged
from 21 to 68 years (mean 38.6 years). The gender distribu-
tion was 98.5% (n=67) male and 1.5% (n=1) female.
Women commonly lack secondary hair often simply because
of cosmetic treatment. Additionally, females are underrepre-
sented in our collective of people undergoing an assessment
for fitness to drive (13.3%). Overall, hair samples from all
body regions could not be provided in all cases. 61 leg hair
samples, 51 arm hair samples, 48 chest hair samples and 10
axillary hair samples could be obtained. Age, frequency of
hair washing, EDI values, EtG concentrations and experi-
mentally determined hair lengths of all cases are summarized
in Table 2.

EtG concentrations in scalp hair and secondary hair

EtG concentrations ranged from not detectable (ND) up to
1600 pg/mg (mean 79 pg/mg, median 23 pg/mg) in scalp
hair, from ND up to 520 pg/mg (mean 63 pg/mg, median 24
pg/mg) in chest hair, from ND up to 880 pg/mg (mean 87
pg/mg, median 43 pg/mg) in arm hair, from ND up to 970
pg/mg (mean 84 pg/mg, median 30 pg/mg) in leg hair and
from ND up to 20 pg/mg (mean 6 pg/mg, median 4 pg/mg)
in axillary hair. Scalp and chest hair had approximately the
same median value. The corresponding values for leg hair
and arm hair were slightly higher than for scalp hair,
whereas the EtG-median value in axillary hair was around
six times lower (Fig. 1).

Because not all of the 68 subjects could provide all types
of body hair samples, the comparison between scalp and
body hair was performed only with paired samples. Thus,
the P-values calculated with the Wilcoxon test revealed no
significant difference in the EtG concentrations for the paired
groups scalp and chest hair (P-value 0.419), scalp and arm
hair (P-value 0.259) and scalp and leg hair (P-value 0.131),
respectively. In contrast, the distribution of EtG concentra-
tions in axillary hair differed significantly from that in scalp
hair (P-value 0.005). This result corresponds to findings
from prior studies (Kerekes et al., 2009; Pirro et al., 2011b).
These significantly lower concentrations observed in axillary
hair can probably be explained by a decomposition of EtG
by chemical ingredients of deodorants. An additional explan-
ation might be an increased leaching process due to sweat.

Hair length and the window of detection

The distribution of the hair lengths and the calculated time
frames are shown in Figure 2. The calculated maximum
values correlate with the overall hair growth cycle time esti-
mated from literature data: chest hair 9.1 months (calculated;
literature data 8.5 and 10 months (Richards er al., 1990;
Richards and Meharg, 1991/1997; Pragst and Sachs, 2007)),
arm hair 6.3 months (calculated; literature data 6.25 and
7 months (Richards er al., 1990; Richards and Meharg,
1991/1997; Pragst, 2005; Pragst and Sachs, 2007; Vogt et al.,
2008)) and leg hair 11.9 months (calculated; literature data 6,
10 and 15 months (Richards et al., 1990; Richards and
Meharg, 1991/1997; Pragst and Sachs, 2007; Vogt et al.,
2008)), respectively.

The calculated time windows for arm hair are closest to
those represented by scalp hair. The windows of detection
extended furthest back for leg hair and were sometimes con-
siderably more than the self-reported 6 months of consistent
alcohol consumption declared for study purposes.

Intra-individual comparison of drinking category

The categories of drinking behaviour are separated by the
two cut-off values 7 and 30 pg/mg for the EtG concentra-
tions. These values are established for scalp hair. Therefore,
the indexing of the scalp hair into the three categories
(‘negative’, ‘social drinking’ and ‘chronic excessive alcohol
consumption’) was taken as reference. Categorization of
body hair samples using the same cut-off values was com-
pared intra-individually with this reference.

Category ‘negative’

Eleven cases were classified as ‘negative’ (EtG <7 pg/mg)
based on the EtG concentration in scalp hair. There was
100% match with chest hair samples (n=7). Arm hair
samples matched in 75% (n=06 of 8) of cases and leg hair
samples were assigned to the same category in 91% (n=10
of 11) as shown in Figure 3C. EtG concentrations from two
of the three body hair samples assigned to a higher category
(Case 19, arm and leg hair, Table 2) were equal to the lower
cut-off value.

Category ‘social drinking’

Considering the EtG concentrations in scalp hair (n=27)
rated as ‘social drinking’, intra-individual comparison
showed that 17-24% of the secondary hair samples were in
the higher consumption category (chest, arm and leg hair)
and 12-25% in the lower category (Fig. 3B). Half of the 12
body hair samples classified in the higher category originated
from three cases with scalp hair EtG-values of 15, 19 and
28 pg/mg, respectively. Six of the ten body hair samples
categorized in the lower class originated again from three
cases with EtG-values close to the cut-off of 7 pg/ml (scalp
hair concentrations: 8 and 10 pg/mg, respectively).

For axillary hair, a completely different situation was
observed. Five (83%) of these six samples were in the lower
category and in three cases the EtG concentrations in axillary
hair were even below the limit of detection. Axillary hair
had lower EtG concentrations (Fig. 1) and tended to be clas-
sified lower but never higher than scalp hair (Fig. 3).

Category ‘chronic excessive drinking’

There was a good correlation, of 83—-100%, between the cat-
egorization of scalp hair (n=30) in the ‘chronic excessive
alcohol consumption’ category and chest, arm and leg hair,
as can be seen in Figure 3A. Again axillary hair showed
much lower values in this category.

Statistical analysis

For the evaluation of the significance of the categorization of
the drinking behaviour, the four values TP, TN, FP and FN
of the 2 x 2 contingency table were used (Table 3). This ana-
lysis was done for each type of body hair separately and for
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Table 2. All cases including age, hair washing habits, self-declared EDI, EtG concentrations in scalp and secondary hair and lengths of hair samples

EtG EtG EtG
Wash EtG Length  chest Length  arm Length  leg EtG Length
(1 =daily; scalp scalp hair chest hair arm hair Length axillary axillary
Age 2 =not EDI hair hair (pg/ hair (pg/ hair (pg/ leg hair ~ hair hair
Case  (years)  daily) (g/d)  (pg/mg)  (cm) mg) (cm) mg) (cm) mg) (cm) (pg/mg)  (cm)
1 27 1 30.0 90 3.5 74 1.5 50 35
2 34 1 18.2 14 4.5 20 1.0 8 35 10 3.0
3 25 1 2.6 12 35 7 1.5 27 2.5
4 23 2 8.0 34 2.5 34 2.5 50 2.0
5 32 1 25.7 16 4.0 28 3.0
6 46 2 9.7 18 4.0 17 4.0 26 2.0
7 58 1 3.7 24 4.0 14 3.0 10 3.0 10 2.5 3 4.5
8 50 2 6.4 11 4.0 8 4.0 110 2.5
9 42 1 4.2 36 4.0 30 4.0
10 53 1 17.2 54 3.0 40 3.0 47 2.0 61 2.5
11 25 1 10.6 100 3.0 130 1.5 56 2.5
12 21 1 5.1 8 5.0 6 1.5 4 2.0
13 21 1 342 99 3.0 120 2.0 72 2.0 56 2.0
14 36 1 18.0 210 3.0 93 2.0 240 1.0 970 1.0
15 45 2 32 28 2.0 16 2.0
16 36 1 30.0 120 3.0 52 2.0 880 1.0 630 2.0
17 25 1 7.7 63 45 64 1.5 34 2.5
18 48 1 3.7 120 2.0 130 3.0 170 2.0
19 28 1 0.5 1 4.0 4 3.0 7 1.0 7 2.0
20 29 1 9.6 21 2.0 11 1.0 22 1.5 0 1.0
21 28 2 1.4 4 4.0 4 1.5 0 2.0
22 44 1 25.0 21 4.0 55 2.5 30 2.0
23 28 1 15.3 16 4.0 24 2.0 10 2.5
24 24 1 7.0 8 4.0 9 2.0 1 3.0
25 39 1 11.4 88 4.0 77 5.0 69 2.0 49 2.0
26 31 2 60.0 68 4.5 52 1.5 53 2.0 7 1.5
27 50 1 1.7 53 4.0 91 35 54 2.5 63 2.0
28 52 1 1.9 26 4.0 60 2.5 46 2.5
29 41 1 60.0 500 35 290 6.0
30 33 1 1.2 3 4.0 4 2.0 3.0 2.5
31 25 1 10.9 22 4.0 21 1.0 75.0 2.5 5 2.5
32 27 1 7.8 84 4.0 60 1.5 83.0 2.5 18 3.0
33 48 1 19.3 30 35 45 1.5 27.0 2.0
34 21 1 1.7 10 2.5 5 1.5 10.0 2.0 0 1.5
35 57 2 32.0 100 4.0 110 2.0 150 1.0
36 48 1 120.0 430 4.0 89 5.0
37 63 2 32.1 43 4.0 93 3.0 220 2.0 470 2.0 20 4.5
38 32 2 1.0 4 4.0 2 4.0 4 2.0
39 35 1 53 5 5.0 3 1.5 5 2.0
40 31 2 11.0 1600 4.0 520 2.0 450 1.5 720 2.0
41 57 1 50.0 210 3.0 340 35 350 1.5 290 2.0
42 24 2 24.0 50 3.0 88 1.0 53 1.5 48 2.5
43 47 1 17.1 19 5.0 39 35 65 2.0 29 3.0
44 43 1 15.5 4 4.0 4 3.0 3 2.0 6 3.0
45 25 1 21.4 54 4.0 7 3.0 40 2.0 14 3.0
46 28 1 34 16 3.5 6 3.0 14 2.0 15 2.0
47 27 2 2.5 10 4.0 6 2.0 6 1.5 6 0.5
48 57 1 5.3 11 5.0 20 3.0 21 1.5 55 1.5
49 42 2 43 3 4.0 3 2.0
50 52 2 1.1 14 4.0 11 2.0 14 1.5
51 53 2 30.0 19 4.0 37 1.5
52 30 1 61.0 50 4.0 88 2.0 70 2.0
53 24 1 40.0 15 4.0 42 2.0 48 2.0
54 53 1 5.7 2 2.0 3 35 0 2.0 2 2.0
55 43 1 5.7 8 4.0 10 2.0 10 1.5 24 2.0
56 68 2 12.8 50 4.0 70 3.0 110 2.0 120 3.0
57 39 1 40.0 110 4.0 68 4.5 43 2.0 54 3.0
58 30 1 17.1 8 4.0 0 2.0 6 1.0 6 1.5
59 49 1 5.4 5 4.0 3 4.0 11 3.0 6 3.0
60 33 2 114 12 4.0 16 1.0 5 2.0 8 2.0
61 34 1 0.3 0 4.0 0 2.0 0 1.0 0 1.0
62 40 1 17.1 20 4.0 6 4.5 11 2.0 8 3.0
63 37 2 0.6 0 3.0 3 2.5 0 2.0 0 2.5
64 36 2 4.0 130 3.0 20 1.5 210 1.0 36 2.5
65 54 1 12.6 34 4.0 30 4.0 55 2.0 42 2.5
66 42 1 5.8 59 4.0 54 3.0 90 2.0 86 3.0
67 50 2 25.7 54 35 19 2.0 36 2.0 80 2.5
68 46 2 8.0 180 4.0 240 4.0 280 1.8 240 2.0
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Fig. 1. Median values of all EtG concentrations (pg/mg) according to the
type of body hair.

Fig. 2. Boxplot (including mean value) of the measured hair length (L, cm)

of the scalp and body hair samples and the calculated time frame (minimum

and maximum) corresponding to these hair samples (M, months). For
calculation details see text.

both threshold limits (lower cut-off 7 pg/mg and higher
cut-off 30 pg/mg). The frequency distributions within these
2 x?2 contingency tables were highly significant (P <0.001)
except for axillary hair.

For chest, arm and leg hair CCRs were >83%. This corre-
sponds to sensitivity values >78% and specificities higher
75%. Such values indicate together with coefficients (r,)
>(0.7 a high correlation of the categorization of the drinking
behaviour based on body hair EtG concentrations compared
with the indexing based on scalp hair EtG-values. Looking
at the two cut-off values separately, it appears that for the
lower one (7 pg/mg), chest hair and leg hair exhibit
CCR-values of 92 and 93%, accompanied by an r, >0.7. For
the higher cut-off (30 pg/mg), arm hair shows high values
for CCR (94%) and r, (0.887), respectively.

Axillary hair with EtG concentrations consistently lower
than scalp hair showed poor sensitivity, but a specificity of
100%. Additionally, low values result for 7, and the CCR.
Previous studies had shown that axillary hair is not suitable
to assess drinking behaviour (Kerekes et al., 2009; Pirro
et al., 2011b). These findings were confirmed by the present
study. Decomposition of EtG in axillary hair is caused
probably by chemical ingredients of deodorants. Leaching of

Fig. 3. Intra-individual comparison of the alcohol consumption category

derived from scalp hair EtG concentration and the categorization based on

the EtG-values observed in the different body hair samples: (A) category

‘chronic excessive consumption’, (B) category ‘social drinking’ and (C)

category ‘negative’. Lower and higher means that the classification based on

body hair sample allocates to the next lower or higher category of drinking
behaviour.

EtG from the hair matrix by sweat can also result in
decreased concentrations.

EDI values

EDI values ranged from 0.3 to 120 g alcohol per day. The
mean was 16.5 g alcohol (median 10.2 g/d), which is equal
to 2 units per day. The range of self-reported EDI values
found in the ‘negative’ category of scalp hair ranged from
0.3 up to 15.5 g ethanol per day. In the ‘social drinking’ cat-
egory of scalp hair, EDI values extended to 40 g ethanol per
day, which is according to the World Health Organization
guidelines (WHO, 2000) ‘low-risk drinking’ as well. When
scalp hair was classified in the ‘chronic excessive alcohol
consumption’ category, EtG concentrations tended to be
higher than expected from the self-reported alcohol con-
sumption. In the present study, 27 out of 68 cases showed
EDI values <60 g/d, while EtG in head hair was >30 pg/mg.
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Table 3. Sens., Spec., the CCR and coefficient (r,) calculated from the values TP, FP, TN, FN as well as the P-value (Fisher’s exact test) of the categorization
of the drinking behaviour based on EtG concentrations determined in secondary hair compared with scalp hair regarding the two threshold levels
(A: lower cut-off value 7 pg/mg and B: higher cut-off 30 pg/mg). The cut-off values separate the ‘negative’ from the ‘social drinking’ and the ‘social drinking’
from the ‘chronic excessive consumption’ category

n TP FN TN Sens. Spec. P Ty CCR
A: cut-off 7 pg/mg
Chest hair 48 37 4 7 0 90% 100% <0.001 0.758 92%
Arm hair 51 38 5 6 2 88% 75% 0.001 0.560 86%
Leg hair 61 47 3 10 1 94% 91% <0.001 0.797 93%
Axillary hair 10 4 5 1 0 44% 100% 4 0.272 50%
B: cut-off 30 pg/mg
Chest hair 48 18 5 22 3 78% 88% <0.001 0.667 83%
Arm hair 51 27 0 21 3 100% 88% <0.001 0.887 94%
Leg hair 61 24 1 30 6 96% 83% <0.001 0.780 89%
Axillary hair 10 0 3 7 0 0% 100% N 0 70%

“Not calculated, calculation assumption not fulfilled.

The EDI resulting from self-reported alcohol intake is a sub-
jective parameter. A retrospective statement over the last 6
months and the situation of an assessment can possibly
result in an under- or overestimation of one’s alcohol con-
sumption. Only in prospective studies including a daily
alcohol self-monitoring log over several months, the EDI
and the EtG findings correlate well (Kharbouche er al.,
2012). This explains why 27 out 68 cases had a social drink-
ing behaviour based on EDI while EtG in head hair was
classified as ‘chronic excessive alcohol consumption’.

Frequency of hair washing

The habit for hair washing might be different for scalp hair
and body hair. EtG concentration in hair can be reduced by
hair washing (Morini et al., 2010). The hair washing behav-
iour was allocated into two groups. Forty-seven (69%) sub-
jects washed their scalp hair every day, 20 (29%) subjects
washed it two or three times a week and one participant just
once a week. With the exception of chest hair, the mean and
median EtG concentrations were always lower in the group
washing their hair on a daily basis. The decrease of the
mean concentration for head, arm and axillary hair was
between 40 and 50% and for chest and leg hair between 30
and 27%, respectively (Fig. 4).

One participant (Case 28) disclosed the daily use of a
special strongly degreasing hair shampoo (name and brand
not specified). The category of consumption in this case was
for scalp hair ‘social drinking’ and for chest and leg hair
‘chronic excessive consumption’. These findings may be
attributed to an EtG washout phenomenon due to the de-
greasing action of the shampoo on scalp hair. If the incorpor-
ation of EtG in hair results also from sweat, the removal of
EtG by a degreasing shampoo could be a possible explan-
ation. This can lead to a lower assessment of consumption
category in scalp hair.

Some extremely high EtG concentrations were found in
five cases (Case 14, 16, 29, 36 and 40, see Table 2). These
values were all above the cut-off value of 30 pg/mg and
showed intra-individual variation of several 100 pg/mg. No
particular features were noted with respect to hair length or
washing habits in these five cases, so it remained unclear
what caused these high EtG concentrations. As the EtG con-
centrations of all hair samples in these cases were clearly in

Fig. 4. Median and mean EtG concentrations (pg/mg) of scalp and body
hair in the two groups hair washing ‘daily’ and ‘not daily’.

the ‘chronic excessive consumption’ range, the large concen-
tration differences do not affect their classification.

CONCLUSIONS

Determination of the EtG concentration in hair samples from
chest, arms and legs represents a useful alternative in cases
where scalp hair cannot be sampled or analysed.

When using body hair, it must be taken into consideration
that the time frame represented by these hair samples may
extend way back because of the long telogen phases and the
high percentage of hair in this phase. As a consequence,
drinking behaviour in the recent past is only poorly docu-
mented and cannot be investigated separately by segmenta-
tion—in contrast to head hair.

Chest hair is to be preferred as the alternative to scalp hair
for assessing alcohol consumption or abstinence. This
applies particularly to abstinence monitoring (specificity
100%) with prolonged teetotalism of >6 months. In cases
when chronic excessive consumption has been confirmed or
heavy drinking is well documented in the past, chest hair,
arm hair or leg hair are equally suitable.

It could be shown by this intra-individual comparison that
the cut-off values established for scalp hair are also suitable
for these types of body hairs.
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Axillary hair is not suitable as alternative matrix to monitor
drinking behaviour. Frequent washing and the use of strongly
degreasing shampoos and chemicals may lead to a decrease in
the EtG concentration of any hair samples. However, a limita-
tion of this study is the small sample number of participants
and an unbalanced gender distribution.
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