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Abstract
Young individuals constitute an intriguing population, as their drinking habits are notably shaped by their perception of their 
peers’ alcohol consumption. Nonetheless, excessive alcohol intake can have detrimental effects on academic performance, 
interpersonal relationships, and the risk and severity of accidents. This study reported the first data involving students enrolled 
from three universities on a voluntary basis for alcohol consumption evaluation. Alcohol consumption was assessed through 
questionnaires and EtG quantification in hair (hEtG) carried out by liquid chromatography-mass spectrometry (LC–MS/
MS) analysis after a solid-phase extraction (SPE) purification step. The results of our study demonstrated that 77.1% of 
samples tested negative for hEtG or displayed hEtG ≤ 5 pg/mg. Particularly, the student population was not characterized by 
samples with hEtG indicative of chronic excessive consumption (hEtG ≥ 30 pg/mg). No significant association was identified 
between biological sex, among the degree course/the year attended, nor in relation to BMI or smoking/coffee consumption. 
Among the obtained results, it was worth noting that the comparison of self-reporting abstinence from tobacco and coffee 
accounted for 65.3% and 16.7%, respectively, while only 2.8% of the total declared abstinence from alcohol. The current 
study has uncovered a significant level of interest among students in this analysis and its interpretation. This suggests that 
implementing public health promotion activities within a university setting could be beneficial.
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Introduction

In many cultures, ethanol is widely accepted, even with its 
psychotropic nature and potential for dependence. Alco-
hol consumption can be categorized into three groups: 
abstinence (no consumption), occasional consumption, 
and chronic excessive drinking (exceeding 60 g of ethanol 
per day) [1]. Worldwide alcohol harmful use accounts for 
5.3% of total deaths per year, with a predominant involve-
ment of adults aged 20–39 years old [2]. For this reason, 

in some clinical and forensic settings, it is fundamental to 
prove alcohol abstinence, e.g., liver transplantation, child 
custody proceedings, workplace and safety monitoring pro-
grams, and driving license renewal. Several indirect alcohol 
biomarkers have been used in the past to prove abstinence 
or repeated or excessive ethanol consumption. In the last 
years, a direct product of the non-oxidative metabolism of 
ethanol, ethyl glucuronide (EtG), has been used as a reli-
able biomarker to monitor abstinence or occasional use or 
confirm chronic ethanol consumption. EtG can be measured 
in blood, urine, and hair. EtG determination in hair (hEtG) 
has proven to be the most effective tool in expanding the 
detection window for alcohol excessive chronic consump-
tion [3, 4]. The last revision of the Society of Hair Testing 
(SoHT) [5] consensus document defined three intervals for 
hEtG: EtG ≤ 5 pg/mg is considered not contradicting self-
reported abstinence, a concentration of > 5 pg/mg strongly 
suggests repeated alcohol consumption, and a concentration 
of ≥ 30 pg/mg strongly suggests chronic excessive alcohol 
consumption. However, specific sub-populations might not 
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reflect the consumption pattern of the general population 
and might require tailored cut-offs. Within this context, 
university students constitute an intriguing demographic. 
Young individuals often adjust their alcohol consumption 
rapidly in response to external factors such as participation 
in social events, increased autonomy during their studies, 
or cohabitation with others. Nonetheless, excessive alco-
hol consumption can have detrimental effects on academic 
performance, interpersonal relationships, and the risk and 
severity of accidents [6, 7]. Alcohol consumption among 
adolescents has been taken into consideration by several 
studies, and it is recognized as a serious issue across Europe. 
The European School Survey Project on Alcohol and Other 
Drugs (ESPAD) reported a high prevalence of alcohol con-
sumption in young people, and particularly, heavy episodic 
drinking (five or more drinks on one occasion during the 
last 30 days) is estimated with a prevalence around 35% [8]. 
A recent systematic review assessing the pattern of alcohol 
consumption among undergraduate students in Ireland and 
the UK highlighted a high prevalence of hazardous alcohol 
consumption, drunkenness, and binge drinking [9]. In Italy, 
approximately 30% of the school students aged 15–19 years 
have reported binge drinking in the last month [10]. Some 
of these studies are based on surveys with self-reporting 
data, and under-reporting is frequently noticed [11]. To the 
best of the authors’ knowledge, only a few studies have been 
devoted to the objective assessment of ethanol consumption 
through EtG cut-off evaluation among the academic student 
population [12–14].

The aim of the present study was to assess alcohol use in 
a cohort of students from the geographical areas of North-
ern Italy through hEtG. This group represents a particular 
cluster that might reflect neither the consumption pattern 
of the general population nor of the at-risk population. As a 
secondary goal, we aimed at describing the habits of alcohol 
consumption also in relation to degree courses and attended 
year.

Materials and method

Design of the study

Hair samples were collected between 2021 and 2022 among 
students attending university courses in three Northern Ital-
ian regions. The study was submitted and approved by the 
Bioethics Committee of the University of Bologna (Prot. n. 
76,007 of 26/03/2021) and has been performed in accord-
ance with the ethical principles of the Declaration of Hel-
sinki. Students from the Universities of Bologna, Parma 
(Emilia-Romagna region), Pavia (Lombardy region), and 
Turin (Piedmont region) were asked to participate. Inclu-
sion criteria were the attendance of an academic degree 

course, a minimum age of 18 years, and the presence of 
head hair. Hair from other body districts was not considered. 
Exclusion criteria were relevant neurological, psychiatric, 
cardiovascular, pulmonary, endocrinological, or neoplas-
tic diseases. Dyed and bleached hair and samples with a 
hair length lower than 3 cm were excluded from the study. 
Participants provided their informed consent before partici-
pating in the study. They were then asked to anonymously 
complete a general questionnaire, which included informa-
tion on gender, height, weight, degree course, year of study, 
and their tobacco and coffee consumption habits. Ethanol 
consumption data was collected through self-reports (see 
Supplementary Information), where participants indicated 
the type of beverages typically consumed (such as wine, 
beer, plain spirits, cocktails, and aperitifs) and the frequency 
of consumption.

Chemicals and instrumentation

Methanol, acetonitrile, and formic acid (all LC–MS grade) 
were purchased from Merck (Darmstadt, Germany), while 
ammonium acetate was obtained from Sigma-Aldrich (Saint 
Louis, MO). Strata-X-A solid-phase extraction (SPE) car-
tridges (60 mg, 3 ml) were acquired from Phenomenex (Cal-
ifornia, USA). Water was purified by PURELAB Chorus 
ELGA Veolia (High Wycombe, UK).

The reference materials, ethyl-β-D-glucuronide and 
ethyl-β-D-glucuronide-D5 (IS), were purchased from Sigma-
Aldrich (Saint Louis, MO). Working solutions were prepared 
at a concentration of 100 ng/ml in methanol and stored at 
– 20 °C. Mobile phases consisted of 20 mM ammonium 
acetate at pH 6 in water (mobile phase A) and acetonitrile 
(mobile phase B). Flow rate was set at 0.3 ml/min.

Analyses were performed by LC–MS/MS (Xevo TQD, 
Waters, Milford, USA) via an electrospray ion source (ESI) 
operating in negative ion mode. A zwitterionic HILIC LC 
column (Poroshell 120, 2.1 × 100 mm, 2.7 μm), maintained 
at 30 °C was used for the separation. Gradient elution was 
as follows: 90% B for 1 min, 80% B from 1 to 7 min, held 
for 3 min, and equilibration for 5 min. Injection volume was 
8 µl. The analytes of interest were detected in multiple reac-
tion monitoring (MRM) mode, monitoring the following 
transitions: m/z 221 → 75, 221 → 85, and 221 → 113 and 
ETG-d5 (m/z 226 → 75 and 226 → 85). Cone voltage was 
30 V for all, and collision energy was 18 V except for m/z 
221 → 113 (collision energy: 12 V). Autosampler was kept 
at 10 °C. Data analysis was performed by MassLynx soft-
ware (Waters, Milford, USA).

Sample collection and preparation

Subjects were invited to participate in the study after a brief 
presentation of the project’s objectives and methodology, 
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which was given prior to the attended lesson. Hair samples 
were obtained by cutting them as close to the scalp as pos-
sible from the vertex region of the head. These samples were 
then stored in paper envelopes at room temperature until 
analysis, for a maximum period of 2 months. The analy-
sis focused on the proximal 3 cm of each hair sample. For 
calibration curves and validation, human hair samples were 
collected from children aged 3 and 4 years and prepared 
by creating a homogenized pool of hair. Samples and cali-
brators/controls were processed by adapting the procedure 
described in ref. [15]. A lock of hair was washed with 10 ml 
dichloromethane and 10 ml of methanol for 10 min each. 
Samples were left to dry at room temperature overnight and 
then cut into small pieces (1–2 mm) with scissors. For the 
extraction, 100 mg of hair was weighted, spiked with 30 µl 
of IS, and soaked in 1 ml of deionized water. Calibrators 
and QC were added to a proper amount of EtG. Samples 
were incubated overnight at room temperature, followed by 
ultrasound extraction for 2 h, at 50 °C. After centrifuga-
tion, 1 ml of the supernatant was submitted to solid-phase 
extraction (SPE). Cartridges were conditioned with 2 ml of 
methanol and 2 ml of deionized water. After sample loading, 
cartridges were rinsed with 1 ml of 5%  NH4OH and 2 ml 
methanol. To remove all residual liquid, a strong vacuum 
was applied for 15 min. Elution was performed by 2 ml of 
2% formic acid in methanol. The eluate was evaporated to 
dryness under a stream of nitrogen at 50 °C and then recon-
stituted in 150 μl of mobile phases A/B, (10: 90 v/v).

Method validation

Selectivity, linearity, sensitivity, precision, accuracy, matrix 
effect, and stability were considered for validation. Selec-
tivity was assessed by analyzing ten blank samples without 
IS and three blank samples with IS to check for interfering 
signals. Linearity was evaluated in the 5–45 pg/mg range 
of concentrations (5, 7, 10, 20, 30, 45 pg/mg). Four cali-
bration batches were analyzed on 4 non-consecutive days. 
Accuracy, precision, matrix effect, and stability were cal-
culated on quality controls (QC) prepared at three different 
concentrations (5, 15, and 25 pg/mg). QC were analyzed 
in two replicates for each concentration per day (intra-day 
precision) and on 4 non-consecutive days (inter-day preci-
sion). Precision was calculated as relative standard deviation 
(RSD) both intra-day and inter-day. Accuracy was calculated 
as percentage bias. The extraction procedure was tested on 
samples from proficiency tests (n.6) with authentic hair 
material. Limit of detection (LOD) and limit of quantifi-
cation (LOQ) were determined by a signal-to-noise ratio 
of 3 and 10, respectively, and experimentally verified by 
spiking the calculated amount. Matrix effect was identified 
by comparing the ratio of peak areas of samples pre- and 
post-extraction and expressed as a percent. EtG stability was 

assessed in processed samples after 24 h at 10 °C by calcu-
lating the percent deviation on freshly prepared samples.

Data analysis and statistics

We gathered data on age, biological sex, weight, height, 
degree program, academic year, smoking habits (cigarettes 
per day), daily coffee consumption, and alcohol-related 
behaviors through questionnaires. The degree programs 
were re-categorized into bachelor’s and master’s degrees. 
The data analysis involved classifying the collected infor-
mation into predefined intervals. BMI was classified as 
BMI < 25 (normal) or BMI > 25 (overweight); smoking 
habits were classified as non-smokers, smokers of 1–9 
cigarettes/day, and smokers over 10 cigarettes/day. Coffee 
drinking was classified into no consumption, up to 5 cof-
fees/day (up to 400 mg caffeine) [16], and over 6 coffees/
day. The self-reported frequency of ethanol consumption 
was pre-categorized into four groups based on the number of 
drinking occasions per week: no alcohol consumption, alco-
hol consumption on 1–2 days/week, alcohol consumption on 
3–5 days/week, and alcohol consumption on all 7 days of 
the week. Hair EtG concentrations were classified accord-
ing to the guidelines outlined in the Society of Hair Testing 
Consensus document. In addition, data were also grouped 
for negative samples (hEtG < LOD) and LOD < hEtG ≤ LOQ 
(5 pg/mg). No toxicological data exceeded the upper limit 
of 30 pg/mg. Congruence between self-reporting of alcohol 
consumption and hEtG levels was evaluated.

Normality and non-parametric statistics were assessed by 
Sktest (p > 0.05). Descriptive statistics was provided for all 
data, by the mean and standard deviation (SD) and/or by the 
median and interquartile range (IQ), for non-parametric vari-
ables. hEtG levels were compared among males and females 
and bachelor’s/master’s degrees by means of a non-parametric 
t-test (Mann–Whitney test). A similar comparison was per-
formed on the basis of the reported frequency of ethanol con-
sumption, by non-parametric ANOVA (Kruskal–Wallis test).

Statistical associations were attempted between hEtG 
data, divided into the 3 predefined concentration intervals 
(hEtG negative, hEtG ≤ 5 pg/mg, 5 < hEtG ≤ 30 pg/mg) and 
the following parameters, by means of chi-square analysis: 
biological sex, BMI category, degree course, year of course, 
smoking habits, coffee consumption, and frequency of etha-
nol consumption.

To evaluate participants’ awareness of their consump-
tion patterns, we conducted a Spearman correlation analysis 
between hEtG levels and the self-reported frequency of etha-
nol consumption among questionnaire respondents. Further-
more, we calculated the congruence between the reported 
frequency of ethanol consumption and the interpretation of 
hEtG levels based on the Society of Hair Testing (SoHT) 
cut-off values.
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For all analyses, a p < 0.05 was set for significance. Sta-
tistics was performed by Stata (StataCorp LP, version 14.0, 
Texas, USA) and images by Prism (GraphPad Software, 
LLC, version 9.3.0).

Results

Method development and validation

The analytical method described in ref. [17] was applied 
after the assessment of validation parameters. EtG and 
EtG-d5 eluted with a satisfactory retention time, 6.81 and 
6.78 min respectively. No interfering peaks were detected. 
The method was successfully validated for all the analyzed 
parameters. Extraction efficiency calculated on proficiency 
test samples proved adequate and within the limits. Limit 
of detection (LOD) and limit of quantification (LOQ) 
were 3 pg/mg and 5 pg/mg, respectively. Linearity was 
from 5 to 45 pg/mg, the weighing factor was 1/x, and R2 is 
always > 0.99. Accuracy, precision, sensitivity, RSD of the 
angular coefficient and of the  R2, stability, and matrix effect 
are detailed in Table 1 of Supplementary Information.

Application on a student population

A total of 114 hair samples were collected from students 
during the lessons or immediately after; 9 samples were 
excluded from the analysis due to insufficient material.

Students’ characteristics

The study covered the 98% of representativity of the stu-
dent population that was asked to join the research. Students 
were enrolled mostly from scientific and medical university 
courses (20.9% biology, 22.9% medicine and surgery, 8.6% 
midwifery, 6.7% laboratory technician, 5.7% dentistry), 
while other course degrees accounted for a total of 28.5% 
of the participants. Samples were represented mostly by 
females (69.4%), with a median age of 22 years (IQ: 21–24), 

being 19 the minimum and 42 the maximum age. BMI val-
ues ranged from 16.8 to 34.9. Mean and median values of 
age, weight, height, BMI, and descriptive characteristics of 
the student population are reported in Tables 1 and 2. The 
study carrier was covered uniformly. The year of study var-
ied from the first (8.6%) up to the sixth (11.4%) in the case of 
medicine and surgery course. Students attending the second 
year of study were 17.1%, 24.4% attended the third year, and 
25.7% and 12.9% attended the fourth and fifth, respectively. 
Two subjects reported abstinence from alcohol (2.8%), while 
61.1% of the respondents indicated alcohol consumption on 
1–2 days/week (for more details, refer to Table 2). In total, 
repeated alcohol consumption, whether limited to 1–2 days 
or up to 5 days/week, accounted for 94.4% of the subjects. 
Only two subjects reported consuming ethanol every day of 
the week. Regarding the type of alcoholic beverages con-
sumed, 35 subjects reported aperitifs, 47 mentioned beer, 29 
mentioned cocktails, 35 mentioned spirits, and 55 mentioned 
wine. Furthermore, 87.5% of students reported consuming 
more than one type of alcoholic beverage, with the most 
common combination being beer, wine, and spirits.

EtG concentrations in hair

Ethylglucuronide was analyzed in 105 hair samples, 71 of 
which (67.6%) displayed negative hEtG levels (< LOD), 
10 (9.5%) displayed LOD ≤ hEtG < LOQ (5 pg/mg), and 

Table 1  Characteristics of the respondents to the questionnaires (age, 
weight, height, BMI)

BMI body mass index, SD standard deviation, IQ interquartile range

Mean (SD) Median (IQ) Parametric

Age (years) 23 (3.7) 22 (24.0–21.0) No
Weight (kg) 63.5 kg (10.6) 62.0 (7.01–55.5) Yes
Height (cm) 169.6 cm (9.1) 168.5 (177.0–164.0) Yes
BMI 22.0 (2.8) 22.0 (23.5–20.0) No

Table 2  Characteristics of the respondents to the questionnaires (bio-
logical sex, BMI, smoking habit, coffee consumption, ethanol con-
sumption)

BMI body mass index, c/day cigarettes/day

Descriptive results Respondents 
(72 in total)

Biological sex Females 50 (69.4%)
Males 22 (30.6%)

BMI  ≤ 25 66 (91.7%)
 > 25 6 (8.3%)

Smoking habit Non-smokers 47 (65.3%)
Smokers 1–9 c/day 22 (30.6%)
Smokers ≥ 10 2 (2.8%)
Electronic 1 (1.3%)

Coffee consumption No coffee 12 (16.7%)
1–5 coffees/day 60 (83.3%)
 > 6 coffees/day –

Ethanol consumption Abstinence 2 (2.8%)
1–2 days/week 44 (61.1%)
3–5 days/week 24 (33.3%)
7 days/week 2 (2.8%)
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24 (22.8%) presented 5 ≤ hEtG < 30 pg/mg. (Fig. 1). Mean 
and median hEtG were 8.3 pg/mg (SD: 4.3) and 6.4 pg/
mg (IQ: 9.7–5.8), respectively (data was non-parametric). 
Highest hEtG concentration was 22.6 pg/mg. hEtG gender 
distribution was also calculated. In males, mean hEtG level 
was 7.9 pg/mg (SD: 2.4), with a median of 7.6 pg/mg (IQ: 
10.3–5.8), while in females, mean and median levels were 
8.9 pg/mg (SD: 5.5) and 6.3 pg/mg (IQ: 11.9–5.4), respec-
tively. The Mann–Whitney test showed no statistically sig-
nificant difference (Fig. 2). Mean hEtG level was 8.8 pg/mg 
(SD: 1.4) among bachelor’s degree students and 7.7 pg/mg 
(SD: 1.0) among master’s degree studies, with no statisti-
cally significant difference between the groups.

By comparing toxicological data deriving from males 
and females and hEtG intervals, no significant association 
was identified (p = 0.857). Also, no association was found 
between hEtG category and the degree course (p = 0.425), 
bachelor’s/master’s degrees (p = 0.466), the year attended 
(p = 0.478), the category of BMI (p = 0.912), the smoking 
habit (p = 0.287), nor the coffee consumption (p = 0.469). 
As expected, the category of hEtG was significantly 
associated with the reported frequency of ethanol con-
sumption (p = 0.016) (Table 3). Spearman’s correlation 
between the frequency of self-reported ethanol consump-
tion and the hEtG levels, performed only on samples with 
hEtG > 5 pg/mg, showed a statistically significant associa-
tion p = 0.033, with a rho of 0.538. The calculated media 
and SD for each category of reported alcohol consump-
tion were 7.6 pg/mg (SD 3.7), 14.1 pg/mg (SD 7.5), and 
8.4 pg/mg (SD 1.2), for 1–2 days/week (occasional drink-
ers), 3–5 days/week (repeated drinkers), and 7 days/week 
respectively. Median values were 6.3 pg/mg (IQ: 8.6–5.3) 
in subjects reporting occasional drinking and 11.3 pg/mg 

(IQ: 22.6–8.4) in subjects declaring repeated drinking. For 
self-declared abstinents (n.2), one sample was negative, 
and one sample displayed an hEtG concentration of 5.8 pg/
mg. Congruence of the self-reported frequency of ethanol 
consumption with the hEtG result interpretation according 
to the SoHT cut-offs is reported in Table 4.
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Fig. 1  hEtG results in the student population, classified into three categories (left), and in relation to the declared frequency of ethanol consump-
tion (right). LOQ: limit of quantification (5 pg/mg). LOD: limit of quantification (3 pg/mg)

Fig. 2  hEtG levels in the male and female population
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Discussion

Our study encompassed 105 university students collected 
from three distinct geographical regions in Northern 
Italy. These students were enrolled in various university 
courses, spanning the entire academic journey from the 
first to the sixth year. We employed biological sex as a 
statistical parameter for classification, considering the 
different metabolisms of alcohol. However, we recognize 
that gender patterns can indirectly influence alcohol con-
sumption. Notably, our sample was predominantly com-
posed of women, which may be attributed to the specific 
courses selected. For instance, courses such as medicine 
and surgery, biology, and midwifery consistently exhibit a 
pronounced prevalence of female students, as indicated by 
statistical data [18]. This prevalence may, at least in part, 
account for the high percentage (67.6%) of samples that 
tested negative (< LOD) for hEtG. Previous studies have 
already estimated lower alcohol consumption among the 
female population [12, 13, 19]. Among the samples that 
tested positive for hEtG, females exhibited a lower mean 
concentration, offset by greater variability in the results. 
Consequently, no statistically significant difference could 
be observed between the genders. This data was also con-
firmed by the results regarding the Italian population of 
school students [11]. Taken into consideration the param-
eters such as type of university course, year of carrier, 
tobacco, and coffee consumption, our study confirms that 

no association was observed with alcohol consumption 
[13, 20]. Regarding the impact of BMI, previous studies 
have reported significant differences in hEtG levels based 
on this index [21]. The relationship between alcohol con-
sumption and BMI is multifaceted. In fact, while moderate 
alcohol consumption may not lead to significant weight 
gain in some individuals, heavy and excessive drinking can 
contribute to obesity and other health problems. However, 
our study did not confirm these findings, possibly due to 
the limited number of subjects in the obesity groups (grade 
1–2-3).

The indicator that young people perceived alcohol con-
sumption as posing little or limited risk to their health 
emerged through a comparison of self-reported data on 
tobacco, coffee, and alcohol habits.

Alcohol and tobacco are often consumed together to rein-
force each other’s effects. However, co-use of alcohol and 
tobacco is associated with significantly higher health risks. 
It can increase the risk of oral, throat, esophagus, and lung 
cancers, cardiovascular diseases, and respiratory problems. 
Coffee is commonly consumed for its stimulant properties, 
and the co-consumption with alcohol may mask some of the 
sedative effects of alcohol, leading to risky behaviors, such 
as drinking and driving, because of the underestimation of 
the level of impairment.

In our study population, only 2.8% reported abstaining 
from alcohol, while 65.3% and 16.7% reported tobacco and 
coffee abstinence, respectively. Besides, the ESPAD data 

Table 3  The table summarizes 
the hEtG concentration intervals 
in relation to the self-reported 
ethanol consumption

* One subject self-declaring abstinence was found with an hEtG concentration of 5.8 pg/mg

hEtG concentration Abstinence 1–2 days/week 3–5 days/week 7 days/week

 ≤ LOD (3 pg/mg) 1 (50%) 31 (70.5%) 15 (62.5%) 0
 ≤ LOQ (5 pg/mg) 0 3 (6.8%) 6 (25%) 0
5–30 pg/mg) 1* (50%) 10 (22.7%) 3 (12.5%) 2 (100%)
Total 100% 100% 100% 100%

Table 4  Congruence between self-reported frequency of ethanol consumption and hEtG result interpretation according to the SoHT cut-offs

Self-reported consumption EtG interpretation Cases % of confirmable 
cases

Abstinence or occasional drinking 
(1–2 days/week)

Confirmation of abstinence or rare occasional drinking (< 5 pg/mg) 35 77.8%
Moderate drinking (5–30 pg/mg) 11
Chronic excessive drinking (> 30 mg/pg) 0

Moderate drinking (3–5 days/week) Abstinence or rare occasional drinking (≤ 5 pg/mg) 21 12.5%
Confirmation of moderate drinking (5–30 pg/mg) 3
Chronic excessive drinking (> 30 mg/pg) 0

Excessive drinking (7 days/week) Abstinence or rare occasional drinking (≤ 5 pg/mg) 0 0%
Moderate drinking (5–30 pg/mg) 2
Confirmation of chronic excessive drinking (> 30 mg/pg) 0
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[22] on the perceived availability of retrieving substances 
among European young people reported a 78% of easiness 
for alcohol, compared to 60% of cigarettes and 32% of can-
nabis. Italian data were in line with European statistics, with 
a perceived availability of 83% from “fairly easy” to “very 
easy” in retrieving alcohol. In our cohort, self-reported 
alcohol consumption was generally moderate, with 94% of 
participants indicating alcohol consumption on 1–2 days/
week (61.1%) and 3–5 days/week (33.3%). Only two subjects 
reported consuming alcohol daily. This pattern is supported 
by our analytical findings, which yielded a median hEtG 
concentration of 6.4 pg/mg, with values ranging from 5.3 
to 22.6 pg/mg. As previously mentioned, there is limited 
literature available on the objective assessment of alcohol 
consumption among university students, which hinders a 
comprehensive evaluation of our findings. Nevertheless, 
the published data align with our study, substantiating the 
absence of widespread chronic excessive alcohol consump-
tion within student populations. Actually, Oppolzer et al. 
tested students from 9 Portuguese universities and reported 
hEtG median values between 8.18 and 21.13 pg/mg [12]. 
The main difference compared to other studies relies on the 
hEtG maximum concentration, which reached up to 153 pg/
mg [13] and 180 pg/mg [14] in the analyzed student popu-
lations. The reasons for this discrepancy may stem from 
variations in alcohol consumption habits across different 
geographical regions, as partially evidenced by the differ-
ences in median values observed in Portugal. Additionally, 
the sample size available for our study could have played 
a role. As a future perspective of our research, it would be 
highly desirable to enhance the study by increasing the sam-
ple size and expanding the regional selection. A selection 
bias must be taken also into consideration, due to moderate 
drinkers being more inclined than heavy drinkers to par-
ticipate, since our study did not include any benefit (i.e., 
economical compensation). In fact, a discrepancy has been 
observed between quantitative results of self-declared heavy 
drinkers (7 days/week) and hEtG of self-declared repeated 
drinkers (3–5 days/week), with a mean hEtG of 8.4 pg/mg 
and 14.1 pg/mg, respectively. This might confirm that alco-
hol consumption is very often underestimated and that the 
inclusion in our study of reports from collateral informants 
[23], besides the primary research subjects, could help in 
the research. In our study, although the self-reported fre-
quency of ethanol intake and the hEtG ordinal category 
appeared to be associated based on chi-square analysis, a 
positive Spearman correlation was found within quantifiable 
samples. This suggests a level of awareness among partici-
pants regarding their consumption habits. This seemingly 
contradictory result can be explained by an overall alignment 
between self-reported intake and objective hEtG measure-
ment. However, this alignment may have limited awareness, 
particularly when focusing on repeated or heavy drinkers, 

as previously observed in adolescent studies [11]. Moreo-
ver, an under-reporting of heavy drinking and a rather low 
proportion of positive agreement between reported drinking 
and hair analysis (around 50%) were also documented by 
Fendrich and colleagues [23].

When evaluating the alignment between self-reported 
consumption and hEtG categorization using the established 
cut-offs, the majority of subjects who reported abstinence or 
occasional ethanol consumption (1–2 days/week) tested neg-
ative or had hEtG levels < 5 pg/mg. This strongly confirms 
the accuracy of these levels in diagnosing ethanol absti-
nence and infrequent occasional drinking. However, when 
examining those who reported repeated and excessive drink-
ing, most students misjudged their habits as occasional or 
moderate, respectively. Confirmation was achieved in only 
12.5% and 0% of cases. In fact, a consumption of alcohol 
of 7 days/week was declared only by two students, which is 
in contrast with the results from the observed quantitative 
hEtG measurements. An important issue in the evaluation 
of data relies on cut-off use and interpretation. The adopted 
cut-off of 5 pg/mg (“not in contradiction to abstinence”) 
does not mean that “abstinence can be proven.” There is a 
difference between “interpretation” and “scientific facts”; 
thus, the 5 pg/mg cut-off is a convention and is used for 
interpretation in specific application fields, e.g., for the pur-
pose of controlling abstinence for renewal of driver’s license 
after excessive consumption and drunk driving. When the 
cut-offs are used in contexts other than they were initially 
proposed, they should be carefully interpreted. In our student 
population, low amounts of alcohol were consumed (num-
ber of “standard drinks per week”), but this consumption 
did not result in positive EtG concentrations in hair. Thus, 
consumption could not be totally excluded, if no EtG was 
detectable. Probably, analysis of EtG in hair, when applied 
to a low-risk population, should be performed at the highest 
method sensitivity, in order to detect alcohol consumption 
at such low levels of 2–5 drinks per week.

To evaluate alcohol consumption among young people 
raises several ethical considerations; young people often face 
social pressure to drink alcohol, and this raises questions 
about peer influence and the role of parents, educators, soci-
ety, and even advertising/marketing in promoting responsi-
ble drinking or abstaining. Also, the knowledge of the long-
term consequences of alcohol abuse such as addiction, liver 
damage, impaired brain development, and accidents related 
to intoxication is a critical issue considering their decision-
making abilities that may not be fully developed.

In our current study, we did not standardize alcohol con-
sumption based on alcoholic units due to the challenges in 
calculating alcohol content in aperitifs and cocktails, which 
are the most consumed drinks among young Italians (56% 
in our sample). While this limitation may restrict the ability 
to make general comparisons of results, the data on alcohol 
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consumption patterns throughout the week can still pro-
vide valuable insights into identifying high-risk behaviors 
among young people. Frequency of hair washing and use of 
cosmetic treatment was not analyzed in our study, and this 
might also have influenced the hEtG concentration, though 
all dyed and bleached hair samples were excluded. The 
sampling time did not take into consideration any academic 
examination which might have been connected to higher or 
lower ethanol intake nor the post-pandemic era influence. 
Finally, binge drinking, which represents the consumption 
of large amounts of alcohol on the same occasion, is very 
common in young adults [24, 25]. However, analysis of EtG 
in hair is able to detect only a relatively high amount of daily 
ethanol intake making the evaluation of occasional and/or 
binge drinkers very difficult. For this reason, the evaluation 
of alcohol consumption among young students may need 
the integration of data from different biological markers or 
matrices [26].

The present study also highlighted the strong interest of 
students in this analysis and its interpretation. This under-
scores the importance of developing targeted information 
campaigns for university students regarding alcohol-related 
risks. Such campaigns can play a crucial role in the early 
detection and intervention of high-risk alcohol consumption 
behaviors. Preventing alcohol consumption among young 
people is a multifaceted endeavor that requires the collabora-
tion of parents, schools, communities, and policymakers. By 
implementing a comprehensive approach that combines edu-
cation, enforcement, and support, it is possible to reduce the 
rates of alcohol consumption and related harm among young 
individuals. Also, the early intervention through counseling 
and treatment for young people who may be at risk of devel-
oping alcohol-related problems would be advisable in an 
educational setting.

Conclusions

The objective determination of hEtG associated to self-
reported alcohol consumption provided useful data on the 
drinking behavior of young adults. Considering that alcohol 
consumption among this very sensitive population has del-
eterious consequences on health and the observed general 
support to the study with high levels of interests, the univer-
sity setting may represent the ideal frame for alcohol preven-
tion strategies. Based on the fact that this study emphasized 
a very low level of perceived risk for alcohol consumption, 
prevention strategies should include both program develop-
ment of appropriate information about alcohol, including 
information on the short-term effects and long-term conse-
quences of its use, and the development of personal, social, 
and resistance skills to help students identify internal/exter-
nal pressures (e.g., anxiety and stress, peer pressure, and 

advertising) and to give students the skills to resist these 
pressures. Finally, also, policy strategies may play a role in 
reducing the commercial and social availability of alcohol 
for young people.

Key points

1. Consumption of alcohol was reported by 94.4% of the 
subjects.

2. Declared abstinence from alcohol was lower than 
tobacco and coffee abstinence.

3. Students displayed hEtG ≤ 5 pg/mg in 77% of cases.
4. No association was identified among the degree course 

or the attended year.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12024- 023- 00727-x.

Author contributions Methodology: S.P. and G.P.; formal analysis, 
S.M and M.B.; writing—original draft: J.P. and A.G.; writing—review 
and editing: L.M. and R.C.; visualization: all authors; supervision P.F. 
and J.P.; all authors have read and agreed to the published version of 
the manuscript.

Funding Open access funding provided by Alma Mater Studiorum - 
Università di Bologna within the CRUI-CARE Agreement.

Data availability N/A.

Declarations 

Ethics approval This study was submitted and approved by the Bio-
ethics Committee of the University of Bologna (Prot. n. 76007 of 
26/03/2021) and has been performed in accordance with the ethical 
principles of the Declaration of Helsinki.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. https:// www. who. int/ health- topics/ alcoh ol# tab= tab_1

https://doi.org/10.1007/s12024-023-00727-x
http://creativecommons.org/licenses/by/4.0/
https://www.who.int/health-topics/alcohol#tab=tab_1


Forensic Science, Medicine and Pathology 

1 3

 2. World Health Organization (WHO). Alcohol. Published 2022. 
Accessed May 24, 2022. https:// www. who. int/ news- room/ fact- 
sheets/ detail/ alcoh ol

 3. Skopp G, Schmitt G, Pötsch L, Drönner P, Aderjan R, Mattern R. 
Ethyl glucuronide in human hair. Alcohol Alcohol. 2000;35:283–
5. https:// doi. org/ 10. 1093/ alcalc/ 35.3. 283.

 4. Morini L, Marchei E, Tarani L, Trivelli M, Rapisardi G, Elicio 
MR, et al. Testing ethylglucuronide in maternal hair and nails 
for the assessment of fetal exposure to alcohol: comparison with 
meconium testing. Ther Drug Monit. 2013;35:402–7. https:// doi. 
org/ 10. 1097/ FTD. 0b013 e3182 83f719.

 5. Society of Hair Testing. 2019 Consensus for the use of alcohol 
markers in hair for supporting the assessment of abstinence and 
chronic alcohol consumption. Published online 2019. https:// 
www. soht. org/ images/ pdf/ Revis ion% 202016_ Alcoh olmar kers. pd

 6. Oliver W, McGuffey G, Westrick SC, Jungnickel PW, Correia CJ. 
Alcohol use behaviors among pharmacy students. Am J Pharm 
Educ. 2014;78:30. https:// doi. org/ 10. 5688/ ajpe7 8230.

 7. Heradstveit O, Skogen JC, Brunborg GS, Lønning KJ, Sivertsen 
B. Alcohol-related problems among college and university stu-
dents in Norway: extent of the problem. Scand J Public Health. 
2021;49:402–10. https:// doi. org/ 10. 1177/ 14034 94819 863515.

 8. The European School Survey Project on Alcohol and Other Drugs 
(ESPAD). ESPAD report 2019. Results from the European School 
Survey Project on alcohol and other drugs. http:// espad. org/ sites/ 
espad. org/ files/ 2020. 3878_ EN_ 04. pdf

 9. Davoren MP, Demant J, Shiely F, Perry IJ. Alcohol consumption 
among university students in Ireland and the United Kingdom 
from 2002 to 2014: a systematic review. BMC Public Health. 
2016;16:173. https:// doi. org/ 10. 1186/ s12889- 016- 2843-1.

 10. Department for Drug Policies (DPA). Annual report on drug 
addiction in Italy. Published online 2022. https:// www. polit ichea 
ntidr oga. gov. it/ media/ 3404/ relaz ione- al- parla mento- 2022. pdf

 11. Bertol E, Vaiano F, Boscolo-Berto R, Fioravanti A, Palumbo D, 
Catalani V, et al. Alcohol, caffeine, and nicotine consumption in ado-
lescents: hair analysis versus self-report. The Am J Drug Alc Abuse. 
2017;43:341–9. https:// doi. org/ 10. 1080/ 00952 990. 2016. 12165 56.

 12. Oppolzer D, Santos C, Gallardo E, Passarinha L, Barroso M. 
Alcohol consumption assessment in a student population through 
combined hair analysis for ethyl glucuronide and fatty acid ethyl 
esters. Forensic Sci Int. 2019;294:39–47. https:// doi. org/ 10. 
1016/j. forsc iint. 2018. 10. 028.

 13. Oppolzer D, Barroso M, Gallardo E. Determination of ethyl glucu-
ronide in hair to assess excessive alcohol consumption in a student 
population. Anal Bioanal Chem. 2016;408:2027–34. https:// doi. 
org/ 10. 1007/ s00216- 015- 9155-7.

 14. Berger L, Fendrich M, Jones J, Fuhrmann D, Plate C, Lewis D. 
Ethyl glucuronide in hair and fingernails as a long-term alcohol 
biomarker. Addiction. 2014;109:425–31. https:// doi. org/ 10. 1111/ 
add. 12402.

 15. Vignali C, Ortu S, Stramesi C, Freni F, Moretti M, Tajana L, et al. 
Variability on ethyl glucuronide concentrations in hair depend-
ing on sample pretreatment, using a new developed GC-MS/MS 
method. J Pharm Biomed Anal. 2018;159:18–22. https:// doi. org/ 
10. 1016/j. jpba. 2018. 06. 044.

 16. https:// www. efsa. europa. eu/ sites/ defau lt/ files/ corpo rate_  
publi catio ns/ files/ efsae xplai nscaf feine. pdf

 17. Palumbo D, Fais P, Calì A, Lusardi M, Bertol E, Pascali JP. 
Novel zwitterionic HILIC stationary phase for the determination 
of ethyl glucuronide in human hair by LC-MS/MS. J Chrom B. 
2018;1100–1101:33–8. https:// doi. org/ 10. 1016/j. jchro mb. 2018. 
09. 027.

 18. Gender distribution in the University of Bologna Italy. https:// 
www. unibo. it/ it/ ateneo/ chi- siamo/ bilan cio- di- genere pg. 41.

 19. Gareri J, Rao C, Koren G. Examination of sex differences in 
fatty acid ethyl ester and ethyl glucuronide hair analysis: sex 
differences in FAEE and EtG hair analysis. Drug Test Analysis. 
2014;6(S1):30–6. https:// doi. org/ 10. 1002/ dta. 1653.

 20. Morini L, Politi L, Polettini A, Ethyl glucuronide in hair. A sen-
sitive and specific marker of chronic heavy drinking. Addiction. 
2009;104:915–20. https:// doi. org/ 10. 1111/j. 1360- 0443. 2009. 
02535.x.

 21. Crunelle CL, Neels H, Maudens K, De Doncker M, Cappelle D, 
Matthys F, et al. Influence of body mass index on hair ethyl glu-
curonide concentrations. Alcohol Alcohol. 2017;52:19–23. https:// 
doi. org/ 10. 1093/ alcalc/ agw079.

 22. http:// www. espad. org/ espad- report- 2019
 23. Fendrich M, Fuhrmann D, Berger L, Plate C, Lewis D, Jones J. 

The utility of collateral student drinking reports: evidence from 
a biomarker study. Addict Behav. 2015;50:213–6. https:// doi. org/ 
10. 1016/j. addbeh. 2015. 06. 028.

 24. Chung T, Creswell KG, Bachrach R, Clark DB, Martin CS. Ado-
lescent binge drinking Alcohol Res. 2018;39:5–15.

 25. Brunborg GS, Skogen JC, Burdzovic AJ. Fear of missing out 
and binge-drinking among adolescents. Drug Alcohol Rev. 
2022;41:230–7. https:// doi. org/ 10. 1111/ dar. 13356.

 26. Morini L, Colucci M, Ruberto MG, Groppi A. Determination 
of ethyl glucuronide in nails by liquid chromatography tandem 
mass spectrometry as a potential new biomarker for chronic 
alcohol abuse and binge drinking behavior. Anal Bioanal Chem. 
2012;402:1865–70. https:// doi. org/ 10. 1007/ s00216- 011- 5609-8.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/alcohol
https://www.who.int/news-room/fact-sheets/detail/alcohol
https://doi.org/10.1093/alcalc/35.3.283
https://doi.org/10.1097/FTD.0b013e318283f719
https://doi.org/10.1097/FTD.0b013e318283f719
https://www.soht.org/images/pdf/Revision%202016_Alcoholmarkers.pd
https://www.soht.org/images/pdf/Revision%202016_Alcoholmarkers.pd
https://doi.org/10.5688/ajpe78230
https://doi.org/10.1177/1403494819863515
http://espad.org/sites/espad.org/files/2020.3878_EN_04.pdf
http://espad.org/sites/espad.org/files/2020.3878_EN_04.pdf
https://doi.org/10.1186/s12889-016-2843-1
https://www.politicheantidroga.gov.it/media/3404/relazione-al-parlamento-2022.pdf
https://www.politicheantidroga.gov.it/media/3404/relazione-al-parlamento-2022.pdf
https://doi.org/10.1080/00952990.2016.1216556
https://doi.org/10.1016/j.forsciint.2018.10.028
https://doi.org/10.1016/j.forsciint.2018.10.028
https://doi.org/10.1007/s00216-015-9155-7
https://doi.org/10.1007/s00216-015-9155-7
https://doi.org/10.1111/add.12402
https://doi.org/10.1111/add.12402
https://doi.org/10.1016/j.jpba.2018.06.044
https://doi.org/10.1016/j.jpba.2018.06.044
https://www.efsa.europa.eu/sites/default/files/corporate_publications/files/efsaexplainscaffeine.pdf
https://www.efsa.europa.eu/sites/default/files/corporate_publications/files/efsaexplainscaffeine.pdf
https://doi.org/10.1016/j.jchromb.2018.09.027
https://doi.org/10.1016/j.jchromb.2018.09.027
https://www.unibo.it/it/ateneo/chi-siamo/bilancio-di-genere
https://www.unibo.it/it/ateneo/chi-siamo/bilancio-di-genere
https://doi.org/10.1002/dta.1653
https://doi.org/10.1111/j.1360-0443.2009.02535.x
https://doi.org/10.1111/j.1360-0443.2009.02535.x
https://doi.org/10.1093/alcalc/agw079
https://doi.org/10.1093/alcalc/agw079
http://www.espad.org/espad-report-2019
https://doi.org/10.1016/j.addbeh.2015.06.028
https://doi.org/10.1016/j.addbeh.2015.06.028
https://doi.org/10.1111/dar.13356
https://doi.org/10.1007/s00216-011-5609-8

	Determination of ethyl glucuronide in hair and self-reported alcohol consumption in university students
	Abstract
	Introduction
	Materials and method
	Design of the study
	Chemicals and instrumentation
	Sample collection and preparation
	Method validation
	Data analysis and statistics

	Results
	Method development and validation
	Application on a student population
	Students’ characteristics
	EtG concentrations in hair


	Discussion
	Conclusions
	Key points
	Anchor 18
	References


