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ABSTRACT

Background and aims Short screenings for alcohol use disorder (AUD) are crucial for public health purposes, but cur-
rent self-reportedmeasures have several pitfalls andmay be unreliable. Themain aim of our studywas to provide empirical
evidence on the psychometric performance of self-reports currently used. Our research questions were: compared with a
gold standard clinical interview, how accurate are (1) self-reported AUD, (2) self-reported alcohol use over time and (3)
biomarkers of alcohol use among Swiss men? Finally, we aimed to identify an alternative screening tool. Design A
single-center study with a cross-sectional design and a stratified sample selection. Setting Lausanne University Hospital
(Switzerland) from October 2017 to June 2018. Participants We selected participants from the French-speaking partic-
ipants of the ongoing Cohort Study on Substance Use and Risk Factors (n= 233). The sample included youngmen aged on
average 27.0 years.Measurements We used the Diagnostic Interview for Genetic Studies as the gold standard for DSM-
5 AUD. The self-reported measures included 11 criteria for AUD, nine alcohol-related consequences, and previous
12 months’ alcohol use. We also assessed biomarkers of chronic excessive drinking (ethyl glucuronide and
phosphatidylethanol). Findings None of the self-reported measures/biomarkers taken alone displayed both sensitivity
and specificity close to 100% with respect to the gold standard (e.g. self-reported AUD: sensitivity = 92.3%, specific-
ity = 45.8%). The best model combined eight self-reported criteria of AUD and four alcohol-related consequences. Using
a cut-off of three, this screening tool yielded acceptable sensitivity (83.3%) and specificity (78.7%). Conclusions Neither
self-reported alcohol use disorder nor heavy alcohol use appear to be adequate to screen for alcohol use disorder among
young men from the Swiss population. The best screening alternative for alcohol use disorder among young Swiss men
appears to be a combination of eight symptoms of alcohol use disorder and four alcohol-related consequences.
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INTRODUCTION

Alcohol use disorder (AUD) is conceptualized as a complex
syndrome, including physiological, behavioral and cogni-
tive symptoms developed after repeated alcohol use [1–3].
The observable symptoms are considered to be valid indica-
tors of the underlying disorder [4]. In the current definition
from the Diagnostic and StatisticalManual ofMental Disor-
ders, fifth edition (DSM-5) [4], these symptoms are related
to three main areas: loss of control over alcohol use and
compulsive use, detrimental consequences (i.e. functional
impairment and hazardous use) and pharmacological
symptoms. A diagnosis of AUD can be made if a
patient shows at least two symptoms of the 11 listed in

the DSM-5 diagnostic of AUD; however, AUD is also
regarded as a dimensional construct. It ranges from mild
to severe AUD, according to the number of symptoms en-
dorsed. Heavy alcohol use is not considered as a symptom
in the DSM-5.

Short and reliable screening tools of AUD for
population-based assessments are crucial for public health
purposes. Indeed, we need to establish prevalence rates at
the population level, to develop adequate prevention and
treatment plans, to monitor substance use and to optimize
substance use policies. Traditionally, a reliable diagnosis re-
quires a rigorous evaluation in a face-to-face exchange
with an experienced clinician. However, clinical interviews
are costly and time-consuming, so they are not suitable for
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population-based assessments. Short quantitative mea-
sures of AUD are therefore needed.

Current gaps in AUD screening

Unfortunately, current self-reportedmeasures based on the
DSM criteria have several pitfalls. Although the criteria de-
fined in the current DSM-5 definition addresses several
gaps identified in previous versions of the DSM [5,6] and
screeners have been successfully re-calibrated according
to DSM-5 criteria [7–9], some major issues remain. First,
DSM diagnostic criteria may be misinterpreted, especially
by young people [10]. Young inexperienced drinkers may
misinterpret several symptoms, such as ‘tolerance’, ‘drink
longer/larger than intended’ and ‘withdrawal’ [11,12]. In
addition, the criteria may not be understood in the same
way among age groups [10,13]. A second issue with self-
reported AUD screenings is their lack of specificity [14],
which causes a large proportion of false positives (i.e. peo-
ple who screen positive even if they do not have the disor-
der). Other pitfalls have been reported; for example,
depressed individuals tend to over-report AUD symptoms,
so in some cases self-reported AUDmay be even less reliable
[15]. However, comparisons of self-reported AUDwith clin-
ical diagnoses used as gold standard are scarce.

Alternative: doing it by numbers?

Heavy alcohol use has been described as a possible suitable
criterion for AUD [14,16], as it is responsible for most of the
burden of disease and consequences associated with AUD
[16]. However, previous studies report a moderate overlap
between use and disorder [16,17], suggesting that addic-
tion reflects more than just the magnitude of use [18–
20]. The recommended risk thresholds are defined with
two drinks or more per day [21] and, more recently, with
100 g of pure ethanol (10 standard drinks) per week
[22]. The risk threshold of heavy use is 40–60 g/day [2].
These thresholds have been tested against health issues,
and empirical evidence in relationship with AUD is still
needed.

Another way to measure (heavy) alcohol use involves
biochemical markers [23]. These measures can be useful
to assess chronic excessive drinking. As they do not rely
on self-reports or clinical evaluation [24], they do not suffer
the typical problems of substance use misreporting [25].
The most commonly used biomarkers are ethyl glucuro-
nide (EtG) and phosphatidylethanol (PEth). These bio-
markers are assessed as continuous variables, but
guidelines are also available to identify alcohol overuse.
Chronic excessive drinking is defined as ≥ 30 pg/mg of pure
ethanol per day over several months for EtG [24]
and ≥ 210 ng/ml for PEth [26]. A cut-off of 9 pg/mg for
EtG [27] has also been described as a marker of at-risk

alcohol use and a cut-off ≤ 112 ng/ml [28] as a marker
for abstinence or moderate drinking for PEth.

Aims of the study

The main aim of our study was to provide empirical evi-
dence on the psychometric performance of self-reports cur-
rently used in population-based assessments. More
precisely, we sought to provide insights into the current
theoretical debate on the relevance of alcohol use as a suit-
able criterion for AUD. The specific aimswere the following:
compared to a gold standard clinical interview, how accu-
rate are (1) self-reported AUD, (2) self-reported alcohol
use over time and (3) biomarkers of alcohol use? Finally,
we aimed to identify an alternative screening tool (aim 4).

METHODS

Design and setting

This study was a single-center study with a cross-sectional
design and a stratified sample selection. We collected data
at the Lausanne University Hospital (Switzerland) fromOc-
tober 2017 to June 2018. The Swiss National Science
Foundation funded the study (no. 10001C_173418/1),
which was approved by the Ethic Committee of the Canton
of Vaud (no. 2017–00776). The protocol is published else-
where [29].

Participants and procedures

We recruited participants from the ongoing Cohort Study
on Substance Use and Risk Factors (C-SURF) [30]. This
cohort collects data on young Swiss men transitioning
into adulthood [30,31]. Participants were initially en-
rolled in army recruitment centers in 2010 (average
age = 20 years), but that setting was for enrollment only;
the study itself occurred outside the army setting. Because
conscription is mandatory for all young Swiss men, the C-
SURF sample is representative for French-speaking young
Swiss men.

We proposed participation in this study to all French-
speaking participants of C-SURF who had answered to
the second follow-up questionnaire (from 2016 to 2018)
and who had a valid e-mail address (n = 2668). In Septem-
ber 2017, we invited them to complete the 10-question
version of the Alcohol Use Disorder Identification Test (AU-
DIT) [32] on-line. A total of 1371 participants completed
the questionnaire within 4 weeks (response rate = 51.4%).
Then, participants were selected using a stratified sampling
strategy. Participants were selected among two strata:
those with a high AUDIT score (≥ 13) and those with a
low score (< 13) [33]. Of the 1371 respondents, all partic-
ipants in the high-score stratum were included (not
enough participants to perform a random selection in that
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subset, n = 193), and a random selection was used in the
low-score stratum (n = 137). Finally, three psychologists
called the selected participants to invite them to participate
in the study. An appointment was scheduled at the
Lausanne University Hospital for those who agreed to par-
ticipate (n = 233, response rate = 70.6%, similar response
rates in both strata: low-score stratum = 68.9%, high-risk
stratum = 72.0%). The study flow-chart is presented in
Fig. 1.

Young people were eligible for study participation if
they: (1) were initially conscripted at the army recruitment
center in Lausanne, (2) had avalid e-mail address, (3) com-
pleted the AUDIT, (4) were alcohol users and (5) provided
informed consent to participate.

During the 90-minute appointment, participants com-
pleted a computer-assisted questionnaire, a structured in-
terview to assess AUD with a highly skilled psychologist
who received a 1-month training to assess AUD and pro-
vided biological samples (hair and blood). Both participants
and psychologists were blinded to the participants’ strata
(low or high AUDIT-scores). All participants received a
compensation of CHF 100.00 (approximately US$101 or
€90) for their participation (gift voucher) and for their
traveling expenses.

Sample size calculation

As described in the study protocol, we used several propor-
tion non-inferiority tests to ensure a sufficient sample size
in both groups (with and without AUD) [29]. We set the
following parameters: alpha = 5%, power = 80% and mar-
gin of equivalence = 10% [34]. We tested sensitivity values
between 20 and 80% for self-reported AUD and we used
sensitivity = 50% because it was the worst scenario in term
of sample size. Based on the theoretical work on heavy al-
cohol use [14,16] we expected that the sensitivity of heavy
alcohol use would be higher, so we set sensitivity of heavy
alcohol use = 55%. Finally, we set the correlation between
AUD and heavy alcohol use at r = 0.35. This was in line
with previous studies reporting a moderate correlation

between AUD and alcohol use [16,17]; this correlation
was more conservative than the one in the C-SURF study
(r = 0.5). Based on these parameters, we needed 86 partic-
ipants in each group.

Measures

Diagnostic of AUD

We assessed the gold standard with the Diagnostic Inter-
view for Genetic Studies (DIGS) [35]. This structured in-
terview enables a comprehensive and reliable
assessment of AUD. It has a high inter-rater agreement
and a good concordance with clinical diagnoses from
medical records [35]. As the DIGS was not yet adapted
to the DSM-5 criteria, we replaced the DSM-IV question
regarding legal problems (removed in the DSM-5) by a
question assessing craving (added into the DSM-5, and
defined as having a strong desire or urge to drink). Other-
wise, we used all dimensions assessed in the DSM-IV. We
assessed AUD (at least mild, cut-off score = 2) for the pre-
vious 12 months.

Self-reported AUD

The participants self-reported the presence or absence of
the 11 criteria of DSM-5 AUD during the previous
12 months [32,36]. These questions are listed elsewhere
[10].We combined two questions for the secondAUD crite-
rion (hazardous alcohol use). All criteria are detailed in
Table 1. We used the recommended cut-off of two symp-
toms or more to define the presence or absence of at least
mild AUD.

Alcohol-related consequences

We recorded the presence or absence of nine alcohol-
related consequences, as detailed in Table 1 [32,37,38].

Twelve-month alcohol use

We assessed the previous 12-month alcohol use with an
extended quantity–frequency questionnaire [39]. Ques-
tions address weekdays and weekends separately. We then

Figure 1 Flow diagram of the study.
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converted the resulting measures into a number of drinks
per week. One standard drink contains 10 gof pure alcohol.

Biomarkers of chronic excessive drinking

We collected a lock of hair to measure EtG and capillary
blood to measure PEth. We extracted EtG using
micropulverized extraction and SPE purification. The ex-
tracts were submitted to LC–MS/MS analysis (6500 Qtrap
Sciex, Framingham, MA, USA). Chromatographic separa-
tion was achieved using a Merck Chromolith®, Darmstadt,
Germany RP-C18e column (150 × 3mm). We determined
the PEth homolog 16:0/18:1 concentration using
methalonic extraction, followed by liquid chromatography
with tandem mass spectrometry (LC–MS/MS) measure-
ment (5000 Qtrap Sciex) [40].

Analytical strategy

We first computed descriptive statistics (either percentages
or mean scores) for all variables, as well as Spearman’s cor-
relations between the various alcohol-related measures.

Receiver operating characteristic curves (ROC)

Next, we used ROC curves to test whether seven measures
were good indicators of the DIGS-AUD gold standard: (1)
self-reported AUD, (2) 12-month alcohol use, (3) EtG, (4)
PEth, (5) self-reported AUD and alcohol-related conse-
quences (20 questions) and additionally, (6) alcohol-
related consequences and (7) AUDIT. We derived the area
under the curve (AUC), sensitivity, specificity and percent-
age of correctly classified participants for each

Table 1 Descriptive statistics for alcohol-related variables in the combined study sample of young Swiss men (n = 233).

Variables Descriptive statistics

DIGS diagnosis of alcohol use disorder (gold standard)a

No 66.5 (155)
Yes 33.5 (78)

Self-reported alcohol use disordera

A1 Neglect role because of alcohol use 32.2 (75)
A2 Hazardous use of alcohol 64.4 (150)
A3 Social/interpersonal problems due to alcohol use 11.6 (27)
A4 Tolerance 21.0 (49)
A5 Withdrawal 11.6 (27)
A6 Use larger/longer than intended 66.5 (155)
A7 Unable to control/quit alcohol use 10.3 (24)
A8 Time spent getting/using/recovering alcohol 33.1 (77)
A9 Activities given up because of alcohol use 5.2 (12)
A10 Physical/psychological problems due to alcohol use 12.9 (30)
A11 Craving 8.2 (19)
Self-reported AUD sum score (0–11)b 2.77 (2.26)
Self-reported AUD diagnosis (≥ 2) 67.0 (156)

Self-reported alcohol-related consequencesa

C1 I drank alcohol or took drugs or medicine in order to get over any of the bad secondary effects
of drinking alcohol

23.6 (55)

C2 I had a mental blackout after drinking alcohol 47.2 (110)
C3 While drinking alcohol, I did something that I badly regretted later 46.4 (108)
C4 I had unplanned sex because I was drunk 24.0 (56)
C5 I had sex without a condom because I was drunk 12.0 (28)
C6 I had an accident or I got injured because I was drunk 19.7 (46)
C7 I came into a conflict with the police or with the authorities more than once because of my alcohol use 4.3 (10)
C8 I came into an argument or into a fight while drinking alcohol or straight after 15.9 (37)
C9 I damaged property, because I was drunk 8.2 (19)
Sum score (0–9)b 2.01 (1.88)

Alcohol use (no. of drinks per week)b

Previous 12-month use 13.90 (13.78)
Biomarkers of alcohol use
Ethylglucuronide (EtG) (n = 227)b 23.99 (53.76)
Chronic excessive alcohol use according to EtG (≥ 30 np/mg)a 23.4 (53)
Phosphatidylethanol (PEth) (n = 231)b 263.49 (304.61)
Chronic excessive alcohol use according to PEth (≥ 210 ng/ml)a 42.9 (99)

DIGS: Diagnostic interview for genetic studies; AUD: alcohol use disorder. Items in italic typewere included in the 12-itemmeasure selected bymachine learn-
ing. aPercentages and n under brackets are reported; bmeans and standard deviations under brackets are reported.
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analysis/cut-off. The best cut-off was selected using the
Youden’s J statistic: maximum (sensitivity + specificity –

1) [41]. For sensitivity and specificity, values close to
100% are ideal [42].

Machine learning

Following the most promising results (the fifth model with
20 items), we used a machine-learning procedure to select
the best model maximizing performance and parsimony.
We considered the 1048575 possibilities (i.e. all subsets
including between one and 20 items). We selected the best
model using the Akaike information criterion (AIC), as this
method prevented overfitting to some extent by penalizing
the log-likelihood of the model using twice the number of
parameters included in the model. However, AIC could be
drastically reduced if all the predictors in the model are
forced to have exactly the sameweight, which is equivalent
to considering a single sum score (i.e. the number of ‘yes’
replies within a given subset of items). We then computed
a ROC curve to select the best model. As the selection of
items was based on the same data, these results might be
too optimistic. To correct for this optimism, we used a boot-
strap procedure [43]. We considered 1000 bootstrap
resamples from the original data set, in each case selecting
the best sum of the 1048575 possible subsets of items
using the AIC criterion, then calculating the corresponding
AUC for the bootstrap sample and in the original sample.
The difference was taken as an estimate of the optimism,
which was deduced from the initial AUC estimate.

Non-response bias

We also investigated non-response bias, as non-
respondents may differ on alcohol use. We compared re-
spondents and non-respondents on alcohol-related vari-
ables, using data from the second follow-up questionnaire
of C-SURF. Overall, the relative bias between respondents
and non-respondents was small (see Supporting informa-
tion, Table S1).

Additional/sensitivity analyses

We conducted several additional and sensitivity analyses.
These included: ROC curves combining self-reported AUD
symptoms and binary variables of alcohol use (using vari-
ous theoretical and empirically derived cut-offs), as well
as different definitions of alcohol use during periods of var-
ious length (also using previous waves of the C-SURF
study). As we did not identify a screener with acceptable
psychometric properties, these analyses are not presented
in this paper. We also ran sensitivity analyses with a cut-
off of 3 on the DIGS-AUD, which yielded similar results.
As the prevalence rate of AUD and polysubstance use
(use of any illicit substance other than cannabis) were
over-represented in the sample, we also conducted

sensitivity analyses using random subsets of the sample
to test whether the final screening tool performed equally
in a sample closer to a general population sample. The re-
sults from the subsets and the full sample were similar; they
are available upon request.

The EtG measure had various time-frames according to
the length of the hair collected; these time-frames did not
correspond to the 12-month period used in the DIGS-
AUD. As a sensitivity analysis, we computed the ROC curve
for participants with hair segments ≥ 6 cm (i.e. segments
that provided information on the previous 6-month alco-
hol use, n = 45). The results were similar to those of the
whole sample (including n = 182 participants with hair
segments < 6 cm, data available upon request).

RESULTS

Preliminary analyses

Participants were aged, on average, 27.00 ± 1.44 years.
Descriptive statistics are reported in Table 1. Overall,
33.5% of the participants were diagnosed with an AUD ac-
cording to the DIGS-AUD and 67.0% according to self-
reported AUD. Participants reported drinking an average
of 13.90 drinks per week (range = 0.35–91). A total of
23.4%were classified as having a chronic excessive alcohol
use using EtG and 42.9% using PEth. Correlations between
alcohol-related variables are reported in Supporting infor-
mation, Table S2.

ROC curves for self-reported measures and biomarkers
(aims 1, 2 and 3)

The performance of the various self-reported measures of
alcohol is reported in Table 2. All corresponding ROC
curves are reported in Supporting information, Figs S1–
S4. The first panel reports the performance of self-reported
AUD (aim 1). For the recommended cut-off of two or more
symptoms, the sensitivity was 92.3% and the specificity
was 45.8%. Taken separately, most symptoms had an ac-
ceptable specificity (≥ 80%) and a low sensitivity (≤ 59%),
except the two most common symptoms which had the re-
verse pattern (sensitivity = 82%, specificity ≤ 45%; for
more detail, see the first panel of Supporting information,
Table S3).

The second and third panels of Table 2 report the perfor-
mances of previous 12-month alcohol use (aim 2). The
cut-off with the highest percentage of correctly classified
participants was 21 drinks per week or more (sensitivity =
38.5%, specificity = 93.6%). The highest sensitivity/
specificity was achieved with the cut-off of 10.5 drinks per
week or more (sensitivity = 83.3%, specificity = 60.0%).

The fourth and fifth panels of Table 2 report the perfor-
mances of biomarkers of chronic excessive drinking (aim
3). The recommended cut-offs (EtG: 30 pg/mg and
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9 pg/mg, PEth: 210 ng/ml) all displayed poor performance.
The cut-offs with the highest sensitivity/specificity were,
respectively, 12 pg/ng or more for EtG (sensitivity = 71.1%,
specificity = 66.9%) and 90 ng/ml for PEth (sensitiv-
ity = 83.1%, specificity = 39.6%). For EtG, this
corresponded to more than an at-risk alcohol use (defined
as EtG = 9 pn/ng) and to a moderate alcohol use for PEth
(Peth ≤ 112 ng/ml).

Alcohol-related consequences alone performed better
than the other self-reported measures and biomarkers,
with a cut-off of 3, sensitivity = 64.1% and specific-
ity = 76.8% (see Supporting information, Fig. S5). We also
tested the psychometric properties of the AUDIT, which
was used to select participants (see Supporting informa-
tion, Fig. S6). The recommended cut-off of 13 yielded an
acceptable sensitivity (94.4%) but a low specificity

(52.9%). The best cut-off was ≥ 15 (sensitivity = 69.2%,
specificity = 75.5%).

Machine learning (aim 4)

The best alternative model combined the 11 symptoms of
self-reported AUD and the nine alcohol-related conse-
quences [area under the ROC curve (AUC) = 0.857]. These
results are reported in Table 3 and Supporting information,
Fig. S7. The best cut-off was ≥ 6 (sensitivity = 76.9%,
specificity = 81.9%).

We tested how and howwell it would be possible to pre-
dict the diagnostic of AUD from a subset of the 20
symptoms/consequences of this model. The best model in-
cluded eight symptoms and four consequences
(AUC = 0.872, AIC = 194.8); the selected
symptoms/consequences are highlighted in italic in
Table 1. A summary of the associations of the items with
the DIGS-AUD and of the best models are reported in
Supporting information, Tables S3 and S4.We then derived
the performance of these 12 symptoms/consequences, as
reported in Table 4 and Supporting information, Fig. S8.
The cut-off that maximized sensitivity and specificity was
≥ 3 (sensitivity = 83.3%, specificity = 78.7%).

On average, the AUC in the bootstrap sample was
0.031 above that of the original sample. This quantity
was taken as an estimate of our optimism, which was then
deduced from our initial AUC of 0.872. The corrected esti-
mate of AUC was 0.841.

Table 2 Performance of screening questionnaires compared to
diagnosis of alcohol use disorder (gold standard).

Measure Criterion Sensitivity Specificity
Correctly
classified

Self-reported
alcohol use
disorder
AUC = 0.844

Everybody 100 0.00 33.48
≥ 1 100 20.65 47.21
≥ 2 92.31 45.81 61.37
≥ 3 84.62 70.32 75.11
≥ 4 60.26 87.10 78.11
≥ 5 46.15 94.84 78.54
≥ 6 32.05 96.77 75.11
≥ 7 17.95 100 75.53
≥ 8 11.54 100 70.39
≥ 9 6.41 100 68.67
≥ 10 5.13 100 67.81
Nobody 3.85 100 66.52

Previous 12-
month alcohol
use (no. of
drinks per
week)
AUC = 0.785

Everybody 100 0.00 33.48
≥ 7 91.03 44.52 60.09
≥ 10 85.90 55.48 65.67
≥ 14 60.26 69.03 66.09
≥ 21 38.46 93.55 75.11
≥ 27 28.21 97.42 74.25
≥ 34 17.95 100 70.82
≥ 44 12.82 100 67.38
≥ 60 5.13 100 68.24
Nobody 2.56 100 66.52

Ethyl
glucuronide
(EtG)
AUC = 0.700

Everybody 100 0.00 33.48
≥ 10 73.68 60.93 65.20
≥ 19 53.95 76.16 68.72
≥ 20 51.32 76.82 68.28
≥ 30 34.21 82.12 66.08
> 60 10.53 93.38 65.64
≥ 100 7.89 96.69 66.96
Nobody 0.00 98.01 65.20

Phosphatidy-
lethanol
(PEth)
AUC = 0.617

Everybody 100 0.00 33.33
> 210 53.25 61.69 58.57
≥ 745 9.09 95.45 66.67
Nobody 0.00 99.35 66.23

AUC = area under the receiver operating characteristic curve.

Table 3 Performance of self-reported alcohol use disorder and
alcohol-related consequences (20 items) compared to diagnosis
of alcohol use disorder (gold standard).

Cut-off Sensitivity Specificity Correctly classified

Everybody 100 0.00 33.48
≥ 1 100 16.13 44.21
≥ 2 97.44 31.61 53.65
≥ 3 97.44 43.87 61.80
≥ 4 89.74 57.42 68.24
≥ 5 83.33 72.26 75.97
≥ 6 76.92 81.94 80.26
≥ 7 62.82 87.10 78.97
≥ 8 44.87 91.61 75.97
≥ 9 37.18 97.42 77.25
≥ 10 26.92 98.71 74.68
≥ 11 21.79 98.71 72.96
≥ 12 15.38 99.35 71.24
≥ 13 11.54 100 70.39
≥ 14 7.69 100 69.10
≥ 15 2.56 100 67.38
≥ 16 1.28 100 66.95
Nobody 0.00 100 66.52

The preferred model is highlighted in bold type.
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DISCUSSION

This study aimed to provide empirical evidence on the psy-
chometric performance of self-reported AUD and to identify
an alternative screening tool among young men.

Aim 1: self-reported AUD

The study first showed that the 11 self-reported criteria of
AUD did not correspond well to the gold standard when
using the recommended threshold. Indeed, using this cut-
off of two symptoms ormore, the sensitivity was acceptable
(92.3%), but there were 54.2% of false positives. We ob-
tained a higher specificity with higher cut-offs, but the per-
centage of false negatives was unacceptable. Therefore,
self-reported AUD did not appear as a valid screening tool
for DIGS-AUD. Taken separately, no symptom performed
really badly, meaning that the participants did not clearly
misunderstand any of them. The commonly misunder-
stood symptoms (e.g. tolerance, withdrawal and symptoms
related to loss of control [11,12]) did not have particularly
low psychometric performance andwere not low-threshold
criteria.

Overall, this result suggested that self-reported AUD
should not be used for a binary diagnosis, as participants
were likely to be misclassified as false positives (or false neg-
atives if a higher threshold is used). Using a sum-score of
symptoms would provide a more accurate picture of AUD
in population-based assessments, if analyzed using appro-
priate count models [44]. This approach is in line with
studies showing that AUD and substance use disorders in
general are dimensional constructs [45,46]. However, this
approach does not address the question of differences in

severity for each symptom [47], nor the need of a valid bi-
nary classification that can be used to establish prevalence
rates at the population level.

Aims 2 and 3: alcohol use over time

Unfortunately, the proposition of using the number of
drinks [14,16] was not a reliable alternative. Among the
measures of alcohol use, neither self-reports nor bio-
markers displayed acceptable psychometric performance.
Heavy use was associated with an acceptable specificity,
but it also had a high percentage of false negatives; there-
fore, it seemed that, in our sample of young men, heavy al-
cohol use did not capture AUD, despite previous
suggestions [14,16]. This result was in line with previous
findings on the moderate overlap between alcohol and
AUD or substance use and substance use disorder
[16,17]. As reported in previous studies, the concept of ad-
dictive disorder as measured in the DIGS did not appear as
a magnitude of use [18–20].

Also, these findings are not really surprising, as alcohol
use is not included in the current DSM-5 definition of AUD,
which instead focuses on loss of control over alcohol use,
compulsive use, detrimental consequences and pharmaco-
logical symptoms [4]. In addition, our sample was limited
to young men, who are not representative of the whole
population of drinkers. They are more likely to drink for so-
cial reasons and they may be transitioning away from their
period of heaviest drinking. Heavy alcohol use might be a
reasonably good indicator in other groups (such as women
and older populations).

Aim 4: alternative screening tool

Beyond these findings, we identified a suitable alternative:
adding the nine alcohol-related consequences to the 11
criteria of self-reported AUD. A cut-off of 6 or more yielded
the highest performance (sensitivity = 76.9%,
specificity = 81.9%) of all self-reported measures. These
results were in line with previous findings suggesting that
diagnostic validity improves when harm indicators (e.g.
health problems and loss of important activities) are
included [48].

However, 20 symptoms/consequences are somewhat
lengthy for a population-based assessment and a short
screening, so we used machine learning to select the opti-
mal model, combining good psychometric performance
and parsimony. The resulting final model with 12
symptoms/consequences and a cut-off of 3 displayed the
best sensitivity (83.3%, false negatives = 16.7%) and spec-
ificity (78.7%, false positives = 21.3%) of all models tested.
Additionally, it is possible to use alternative cut-offs to max-
imize sensitivity or specificity, as desired. For example, to
screen for AUD in clinical settings (e.g. to identify at-risk

Table 4 Performance of the 12 items of self-reported alcohol use
disorder and alcohol-related consequences included in the best-
fitting model compared to diagnosis of alcohol use disorder (gold
standard).

Cut-off Sensitivity Specificity Correctly classified

Everybody 100 0.00 33.48
≥ 1 100 27.10 51.50
≥ 2 93.59 48.39 63.52
≥ 3 83.33 78.71 80.26
≥ 4 73.08 87.74 82.83
≥ 5 43.59 94.84 77.68
≥ 6 25.64 98.06 73.82
≥ 7 14.10 100 71.24
≥ 8 8.97 100 69.53
≥ 9 5.13 100 68.24
≥ 10 2.56 100 67.38
≥ 11 1.28 100 66.95
Nobody 0.00 100 66.52

The preferred model is highlighted in bold type.
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patients in order to propose them a complete diagnostic in-
terview), a cut-off of two or more would yield a sensitivity
of 93.6%, which corresponds to a small percentage of false
negatives (6.4%). On the contrary, to maximize specificity
(in other words, to identify people who do not have an
AUD), a cut-off of five or more would be an optimal estima-
tion of AUD in population-based assessment conducted on
a similar population. In our analyses, sensitivity and speci-
ficity had an equal weight, but cut-offs could be modified
depending on which error (false positive or false negative)
is worse in a given situation.

In the final model, we included eight symptoms of self-
reported AUD and four alcohol-related consequences (see
the English and French versions in Supporting informa-
tion, Tables S5 and S6). These items combined several as-
pects of AUD: loss of control (i.e. inability to reduce or
stop drinking, excessive time drinking or recovering from
its after-effects and craving), pharmacological effects (i.e.
tolerance and withdrawal) and detrimental consequences
[i.e. being engaged in dangerous situations, having (men-
tal) health problems, giving up other activities, doing
things badly regretted afterwards, accident/injury, un-
planned sex and conflict with authorities]. Consequences
related to alcohol use played an important role in the
screening tool. Again, these findings were in line with the
conclusions of a previous study reporting that both dys-
function and harm components are needed to gain validity
[48]. Some of these consequences might be related to the
specific characteristics of our sample (young Swiss men),
particularly unplanned sex, accidents or injuries and con-
flict with authorities. A previous narrative review reported
that substance-related consequences introduce bias and
degrade the validity of the diagnoses and, thus, that nega-
tive consequences should be avoided in diagnostic systems
[49]. Our findings contrasted with this recommendation,
with consequences being important to achieve good psy-
chometric performance in the final screening tool. It
should be kept in mind that the actual definition of AUD,
as assessed in our clinical interview, encompasses detri-
mental consequences (on social functioning, health and re-
lated to hazardous use). Therefore, it was not surprising
that the screening tool also included consequences, which
are parts of the actual definition of AUD. The DSM-5 tried
to achieve a better understanding of substance use disor-
ders among young adults [50] and our findings suggested
that including consequences helps to achieve this objective.
Focusing on the consequences associated with alcohol use
and AUD is a perspective of harm reduction, which is
meant to minimize the health risks and detrimental effects
of substance use [51].

Three symptoms of the original 11-item AUD screening
tool were not included in the final screening; namely,
role neglect, social/interpersonal problems and use
larger/longer than intended. The last item was endorsed

by a large majority of participants (66.5%), so it might be
insensitive for this population likely to binge drink [52]. So-
cial roles and relationshipsmight be not yet affected among
young adults, because they did yet not have all the respon-
sibilities of adults [53].

Limitations

This study had some shortcomings. First, our study needs
to be replicated. Indeed, young men constitute a specific
group of alcohol drinkers, for which heavy alcohol use
may not indicate a disorder. In our large initial sample, only
14%were classified as having anAUD according to theAU-
DIT. Further studies should focus on women and older
groups, including clinical populations. Furthermore, we
used a sample of young Swiss men who were already en-
rolled into a cohort study. This cohort could have differed
from the whole population, as they had participated in this
survey for years. A second limitation was related to the dif-
ferent time-frames of the diagnostic of AUD (previous 12
months) and biomarkers. The EtG values depended on
the length of the participants’ hair, and provided informa-
tion for various time-periods. This is important, because
shorter recall periods do not always reflect typical drinking
patterns [39]. However, when we restricted the analyses to
participants with hair segments of 6 cm or more, the re-
sults were similar to those of the whole for the EtG in our
study. Another limitation was that we did not reach the de-
sired sample size (n = 86) for the group with AUD (n = 78).
However, the desired sample size was based on a moderate
correlation between AUD and alcohol use (r= 0.35) and in
our sample, the correlation was higher (r = 0.417). There-
fore, this small deviation from the planned sample size was
not an important issue. Another issue was related to the
sample size calculation. There are no (statistical or clinical)
standards for defining the margin of equivalence. A previ-
ous study in another field reported that it was difficult to
obtain significant results with a margin of less than 10%
[34], so we used this value in the study. Our findings might
be used as a starting-points for defining the margin of
equivalence in other studies. The last shortcoming was
that, due to the lack of an objective gold standard, it is dif-
ficult to validate the diagnostic instruments [35]. However,
the DIGS has been described as a valid assessment of AUD
[35] and it allowed a standardized assessment according
to the current definition of AUD.

CONCLUSION

To conclude, neither self-reported DSM-5 criteria nor
heavy alcohol use constituted valid screening tools for
AUD. The best alternative was to combine eight symptoms
of AUD and four alcohol-related consequences. These find-
ings provided important insights in some current debates
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in the addiction field: AUD was more than just heavy alco-
hol use, and consequences were important to define a reli-
able assessment. The final screening tool should be tested
in others populations to achieve a robust empirical evi-
dence regarding its psychometric performance and accu-
racy for population-based assessments. However, alcohol
use should not be neglected, as it is responsible of a large
burden of disease and detrimental health consequences.
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