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This study examines the usefulness of two AUDIT adaptations with a sample of 907 undergraduate alcohol users. On
the one hand, it includes the AR2i that encompasses revised A2r and A3r consumption items, and on the other hand—in
addition to the two former items—the inclusion of items 4, 8, and 9, which evaluate consequences. The results indicate
that both adaptations identify BD more precisely than the traditional scales (AUDIT and AUDIT-C), but the usefulness of
each will depend on the clinical purpose they are given. In environments where time is a key factor in detecting high-risk
consumption it will be more appropriate to use AR2i, which evaluates the pattern of consumption, whereas to provide
feedback to the young person, to increase their awareness, and to highlight the need for change it would be advisable to
use the new combination of five items.
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Este estudio examina la utilidad de dos adaptaciones del AUDIT en una muestra de 907 universitarios consumidores de
alcohol. Por un lado se incluye el AR2i, que contiene los ítems de consumo A2r y A3r, y por otro lado la incluida en este
trabajo, que suma a los ítems anteriores –A2r y A3r– otros tres sobre consecuencias 4, 8 y 9. Los resultados indican que ambas
adaptaciones identifican a los BD de manera más precisa que las escalas tradicionales (AUDIT y AUDIT-C), dependiendo su
uso de la finalidad clínica con la que se utilicen. En entornos en los que el tiempo es un factor clave para detectar consumos
de riesgo será más adecuado utilizar el AR2i, centrado en el patrón de consumo. Si se quiere proporcionar un feedback al
joven que permita poner en evidencia la necesidad de cambio y con ello trabajar su toma de conciencia, sería más adecuado
utilizar la nueva combinación de 5 ítems.

The most recent epidemiological data reveal that binge drinking
(henceforth BD) (Ministerio de Sanidad y Consumo [MSC, 2008]) is
the most widespread pattern of alcohol consumption among young
Europeans, reaching its peak at around 20-24 years of age (World
Health Organization [WHO, 2019]). In young Spaniards, the age range
for the highest incidence extends to 29 years of age and is higher in
males, with 30% of males engaging in this behaviour compared to
20.3% of females (Observatorio Español de las Drogas y las Adicciones
[OEDA, 2017]). In the case of adolescents, the prevalence of BD reaches
its highest incidence at 18 years of age, at a much higher rate than
among older young adults. Specifically, almost half of Spanish males
and females acknowledge having engaged in this type of consumption
at this age (47.4% of males and 46.8% of females) (OEDA, 2019).
However, when evaluating the variables of the amount of grams
of alcohol consumed and the frequency of BD behaviour, the highest

rates are seen in males and this trend is observed regardless of the
age of young adults or adolescents being studied (Cortés et al., 2007;
Cortés et al., 2014; O’Malley & Johnston, 2002).
The high prevalence of this pattern of consumption among
young people, in addition to public health consequences it produces
(Committee on National Alcohol Policy and Action [CNAPA, 2014];
Davoren et al., 2016; Lightowlers, 2017; West et al., 2018), justify the
need for screening instruments to facilitate detection in the various
spheres of action (primary health care, emergency services, university
health services, etc.), enabling the young person to be referred to the
most appropriate healthcare resource, where necessary (community
addiction prevention unit, social services, etc.) (Clark & Moss, 2010).
AUDIT, and its reduced versions (AUDIT-C and AUDIT-3), are
screening instruments that are widely used to identify young
people who engage in BD (Blank et al., 2015; Cortés et al., 2016; de
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Table 1. Reformulation of Items 2 and 3 (AR2i)
A2r. How many SDUs do you tend to have on a day when you drink alcohol?
(0) 1 or 2; (1) 3 or 4; (2) 5 or 6; (3) 7 to 9; and (4) 10 or more.
A3r. During the past 6 months, what is the average number of days per month with BD consumptions (seven or more Spanish SDUs for males and six or more
SDUs for females over a 2 h period)?
(0) never; (1) sporadically -less than once a month; (2) between 1 and 4 times; (3) between 5 and 8 times; (4) between 9 and 12 times; (5) 13 or more times.

Meneses-Gaya et al., 2009). Of these three instruments, AUDIT-C has
been shown to have the best psychometric properties, both with
undergraduate students (DeMartini & Carey, 2012; García et al., 2016)
and adolescents (Clark & Moss, 2010; Cortés, Giménez, Motos, &
Sancerni, 2017; Paiva et al., 2015).
However, AUDIT-C items are not formulated to measure BD
accurately. Although the third item reflects binge drinking (“How
often do you consume six or more drinks per day?”), this does not
conform to current interpretations of BD (Cortés & Motos, 2015; Mota
et al., 2010).
For this reason, some researchers have proposed modifying
the wording and response options of items 2 and 3 of AUDIT-C to
adjust them to the characteristics of BD (Blank et al., 2015; García
et al., 2016). Changes made have led to an increase in the levels
of sensitivity (between .82 and .84) and specificity (between .87
and .91) compared to those obtained with the original items from
AUDIT-C (Blank et al., 2015). However, some of these studies have
utilised imprecise definitions of BD, making it difficult to generalise
results.
Recently, Cortés, Giménez, Motos, and Sancerni (2017) have
developed a new version called AR2i, redefining AUDIT-C original
items 2 and 3 and adapting their wording to give a far more precise
operationalisation of this behaviour by including sex differences,
consumption timeframe, and equivalent values in Spanish standard
drink units (SDUs) (Cortés & Motos, 2015; Courtney & Polich, 2009;
Parada et al., 2011). In this way, BD is defined as the consumption of
seven or more SDUs for males, or six or more for females, in a period
of two hours, at least once in the last six months (Cortés et al., 2016;
Cortés, Giménez, Motos, Sancerni, et al., 2017). This redefinition of
items (Table 1) makes it easier to recognise BD individuals, regardless
of their age. In the case of adolescents, it correctly classifies 94% of
BD individuals, with a cut-off point of 5 (Cortés, Giménez, Motos,
& Sancerni, 2017). Among undergraduate students, it correctly
identifies 98.9% of BD individuals, with a cut-off point of 3 (Motos
et al., 2019).
Nevertheless, the fact remains that all these methods of identifying
BD focus on the amount of alcohol consumed over a certain period
of time, overshadowing the existence of any problems that may
arise from engaging in consumption of this type (McCambridge
& Thomas, 2009). For this reason, some researchers have tried to
find a new combination of elements—based on the items used to
evaluate consequences in AUDIT (from 4 to 10)—that takes into
account the complexity of the BD pattern of consumption these
young people engage in. The results have shown that combinations
of items that include not only the number of drinks consumed and
the frequency of consumption but also the problems associated with
alcohol improve the capacity for predicting high-risk consumption
among young people (Babor et al., 2017), which is a faster and more
precise option than the original AUDIT to detect—based on very
little information—young people suffering from the consequences of
alcohol consumption.
Specifically, McCambridge and Thomas (2009) found that
the combination of items 3 (measuring the frequency of high
consumption), 4 (evaluating loss of control), 5 (regarding neglecting
activities), and 8 (measuring the occurrence of memory lapses)
achieved a percentage of explained variance in consumption
behaviour of 86.6%, which is 22 points higher than that of AUDIT-C.

Subsequently, Bowring et al. (2013) replaced item 5 with item
9 (measuring alcohol-related injuries), thereby moderately
improving the predictive capacity of the tool with regard to
consumption, with an explained variance percentage higher than
87%. One of the possible reasons for observing improved results in
Bowring et al. (2013) is the inclusion of three of the consequences
most widely experienced by young people who engage in BD
(CNAPA, 2014; Conde et al., 2016; Cortés & Motos, 2015; Hingson
et al., 2016; Read et al., 2008). Specifically, two of them—suffering
injuries and experiencing memory lapses—not only show a strong
capacity for predicting BD behaviour during adolescence, but
also for predicting the continuance of this behaviour into early
adulthood (Degenhardt et al., 2013).
The objective of the present study is twofold: firstly, to test the
usefulness of AR2i with a new sample in order to detect young
people who engage in BD with greater precision than AUDIT and
AUDIT-C and, secondly, to compare the discriminatory capacity of
two tools when it comes to recognising BD in young people—one
that only includes items related to consumption with another that
features the new combination of items (A2r, A3r, 4, 8 and 9) and
evaluating both consumption and its consequences.
Furthermore, given that the definition of BD itself takes sex
differences into account (Cortés & Motos, 2015; Courtney & Polich,
2009; Parada et al., 2011), a secondary objective is proposed to
analyse differences in the pattern of consumption of males and
females in the sample of young people being studied.
Based on the results obtained in previous studies (Cortés,
Giménez, Motos & Sancerni, 2017; Motos et al., 2019), it is hypothesised that AR2i will identify more young BD individuals than AUDIT and AUDIT-C, being a more suitable option for rapidly detecting
dangerous patterns of consumption in the spheres of action that
the greatest number of young people turn to (emergency services,
university health centres, etc.). Secondly, it is expected that the
combination of items A2r, A3r, 4, 8, and 9 will adequately classify
the majority of young BD individuals, compared with the original
AUDIT and even with AR2i, which is considered the best tool for
detecting this pattern of consumption. Finally, it is expected to
verify the existence of differences in the pattern of consumption
according to sex, with BD males consuming more alcohol and with
greater frequency.

Method
Participants
For the sample selection, a stratified sampling of first-year student
population of the University of Valencia was carried out during
the 2016/2017 academic year, based on the data provided by the
Rector’s Office of the university. Degrees were selected from each
sphere of knowledge (basic sciences, social sciences, health sciences,
humanities, and educational sciences) according to the number of
students enrolled, the balance of students of each sex, and the campus
where the degree was located. In all cases, the questionnaire was
answered by the largest group in each academic year. Questionnaires
were completed in classrooms during class hours and in the presence
of a member of the research team.
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The participants were 907 students (479 females, 52.8%), with
an average age of 18.55 years (SD = 0.44), none of whom met the
diagnostic criteria to receive treatment for addictive behaviour.
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protection law (Organic Law 3/2018, dated December 5) and prior
informed consent was requested from all participants.

Data Analysis

Variables and Instruments
An initial block of questions collected sociodemographic
variables such as sex and age. Next, by means of self-assessment, the
consumption of alcohol undertaken during a single week without
special events (local holidays, holiday periods, etc.) was recorded.
Specifically, for each day of the week, participants wrote down
the type and number of drinks consumed and the approximate
time at which the consumption of each drink occurred. They then
indicated how many days they had engaged in consumption of this
type in each of the last six months.
Subsequently, the quantities of alcohol consumed were
converted to standard drink units (SDUs) according to the Spanish
SDU definition (1 spirits = 2 SDUs, 1 beer/wine = 1 SDU) (RodríguezMartos et al., 1999). The recoding of all the registered consumptions
enabled “the highest amount of alcohol consumed in a BD session”
variable to be generated. The “frequency” variable was generated
from the number of days of consumption in the last six months
(number of times consumed in the manner indicated in the selfassessment form over the previous six months). The combination
of both variables enabled the type of consumer to be identified:
non-BD or BD (consumption of ≥ 7 SDUs in a 2-hour interval, ≥ 6
SDUs for females, at least once in the last six months).
Following this self-assessment, participants also answered
AUDIT (Spanish version validated by Contel et al., 1999), and the
total score for the 10 original items was obtained from it, along
with AUDIT-C (the sum of the first three original items). Likewise,
AR2i (Cortés, Giménez, Motos, & Sancerni, 2107) was completed
from items A2r + A3r (Table 1), and the total score of the new
combination of items A2r, A3r, 4, 8, and 9 was calculated.
In this study AR2i internal consistency was higher (.90) than
that achieved with AUDIT-C (.78), as well as the one achieved with
the AUDIT total (.72) and with the new combination (.70).

Procedure
Questionnaires were completed voluntarily and anonymously
over the 2016-2017 academic year during class hours, in the
presence of a member of the research team who verified that all the
items had been answered. This study complies with current data

Using IBM SPSS Statistics 22 statistical package, descriptive
analyses and group comparisons were carried out according to sex
and type of consumer (BD or non-BD). To this end, a new variable
was generated consisting of four groups: females who engage in BD
(F-BD), males who engage in BD (M-BD), females who do not engage
in BD (F-non-BD), and males who do not engage in BD (M-non-BD),
following criteria of BD definition given in the introduction. This
variable is identified as the independent variable (VI) and the variables
of number of SDUs consumed and frequency of consumption in the
last six months correspond to dependent variables (VD).
Table 2. BD and non-BD Groups Differentiated by Sex
BD

n (%)

SDUs (SD)

Frequency of
drinking (SD)

Females

357 (39.36)

105.99 (46.50)

29.96 (15.19)

Males

305 (33.63)

146.52 (64.06)

35.69 (15.59)

Non-BD
Females

122 (13.45)

35.53 (12.67)

15.21 (12.15)

Males

123 (13.56)

43.46 (14.78)

16.37 (12.98)

Note. BD = binge drinking group; non-BD = non-binge drinking group.

To analyse differences between groups of consumers in the
variables of number of SDUs consumed and frequency of consumption
in the last six months, it was first determined whether assumptions
of normality (Kolmogorov-Smirnov) and homocedasticity (Levene
of equal variance) had been met. In both cases, results showed a
significance of less than .05 for all groups of consumers, so it was
decided to use a non-parametric contrast statistic (Kruskal-Wallis)
with its corresponding a posteriori tests.
At the same time, Kruskal-Wallis effect size was calculated to
evaluate the magnitude of the differences between the groups of
consumers. The results show a strong effect size for the variable of
number of SDUs consumed (E2R = .65) and a moderate effect size for the
variable of frequency of consumption in the last six months (E2R = .24).
Finally, a ROC curve analysis was performed following the
method of Hanley and McNeil (1983), which provides a graphical
representation of the performance of the classifier.
In order to determine the optimum cut-off point for the scales
analysed, priority was given to minimising false negatives and

Table 3. Post-test Games-Howell
(I) Groups

(J) Groups

Difference in means
(I-J)

Std. error

Significance

95% confidence interval
Lower bound
Upper bound

Alcohol SDUs
M-BD
F-BD

M-BD
F-non-BD

-40.530***

4.418

.001

-51.91

-29.15

F-non-BD

70.462***

2.716

.001

63.46

77.46

M-non-BD

62.539***

2.799

.001

55.32

69.76

F-non-BD

110.992***

3.844

.001

101.07

120.91

M-non-BD

103.069***

3.903

.001

93.00

113.14

M-non-BD

-7.922***

1.759

.001

-12.47

-3.37

M-BD

-5.731***

1.201

.001

-8.83

-2.64

F-non-BD

14.745***

1.363

.001

11.22

18.27

M-non-BD

13.592***

1.420

.001

9.92

17.27

F-non-BD

20.475***

1.417

.001

16.81

24.14

M-non-BD

19.323***

1.472

.001

15.52

23.13

M-non-BD

-1.153

1.607

.890

-5.31

3.00

Frequency in 6 months
F-BD

M-BD
F-non-BD

Note. BD = binge drinking; F-BD = group of BD females; M-BD = group of BD males; F-non-BD = group of non-BD females; M-non-BD = group of non-BD males.
***p < .001.
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Table 4. Performance of AUDIT Versions to Detect Binge Drinking in Groups of Females and Males
Version
AUDIT

Cut-off
≥3
≥4
≥5
≥6
≥7

AUDIT-C

AR2i

New version
Items A2r, A3r, 4, 8, 9

Females
Specificity
.582
.738
.877
.926
.926

Sensitivity
.994
.975
.950
.877
.782

ROC (95% CI)
.959
[.939, .980]

Sensitivity
.997
.993
.987
.941
.911

Males
Specificity
.415
.577
.691
.805
.862

.833

.886

ROC (95% CI)
.937
[.910, .964]

≥8

.672

.967

≥3

.986

.828

.990

.983

.715

.974

≥4
≥5

.961
.877

.943
1.000

[.984, .996]

.980
.948

.837
.886

[.954, .989]

≥6

.703

1.000

.889

.935

≥3

.983

1.000

1.000

1.000

1.000

1.000

≥4

.882

1.000

[1.000, 1.000]

.987

1.000

[1.000, 1.000]

≥5

.669

1.000

.879

1.000

≥3

.983

.951

1.000

.862

≥4
≥5
≥6

.938
.826
.639

.984
.992
1.000

.997
.944
.846

.919
.959
.984

.995
[.989, 1.000]

.991
[.982, .999]

Note. ROC = Receiver operating characteristic.

improving detection of young people who engage in BD. To this
end, priority was given to cut-off points that maximised sensitivity.

Results
Of the 907 students surveyed, 662 (72.99%) met BD criteria
defined in this study, with similar sex ratios: 305 BD males (46.07%)
and 357 BD females (53.93%) (c2 =1.225, p = .268).
Significant differences can be seen both in the number of SDUs
drank (KW(3, 907) = 577.497, p < .001), and in the number of days of
consumption in the last six months (KW(3, 907) = 217.561, p < .001)
(Table 2).

Specifically, BD and non-BD males drink alcohol to a greater
extent than their female counterparts (Table 3). In terms of frequency
of consumption, BD males had engaged in this behaviour more
frequently in the last six months than BD females.
Comparative results of the ROC curve and the cut-off points of
AUDIT, AUDIT-C, AR2i, and the new combination (items A2r, A3r, 4,
8, and 9) according to sex are summarised in Table 4 and Figure 1.
All analysed scales present optimal values in the area under the ROC
curve. However, the lowest values in both sexes are shown on the
original AUDIT scale. In contrast, the redefinition of items A2r and
A3r (AR2i) present a larger area under the ROC curve than the other
scales, regardless of sex. It is closely followed by the ROC value of the
ROC curve
sex: male

1.0

1.0

.8

.8

.6

.6
Sensitivity

Sensitivity

ROC curve
sex: female

.4

Total score for the 10 original
AUDIT items
Sum of the first three AUDIT
items

.2

Sum A2r + A3r

.4

Total score for the 10 original
AUDIT items
Sum of the first three AUDIT
items

.2

Sum A2r + A3r
A2r + A3r + A4 + A8 + A9

A2r + A3r + A4 + A8 + A9

Reference line

Reference line
.0

.0
.0

.2

.6
.4
1-Specificity

.8

.0

.0

.2

.6
.4
1-Specificity

Figure 1. Receiver Operating Characteristic Curves Comparing AUDIT, AUDIT-C, AR2i and New Version to Detect Males and Females BD

.8

1.0
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new combination of items, and secondly by the AUDIT-C value for
males.
The AR2i version and the combination of the items A2r, A3r, 4, 8,
and 9 are those that obtained the most optimal values to properly
classify the students as BD and non-BD, with a cut-off point in both
cases of ≥ 3 for females and ≥ 4 for males. Specifically, AR2i classifies
98.3% of BD females and 98.7% of BD males (sensitivity), and detects
100% of non-BDs, regardless of sex (specificity).
The new combination of items identifies the same percentage of
BD females as AR2i, but better classifies BD males, exceeding 99%
(sensitivity). In contrast, its ability to identify non-BD is lower than
that of AR2i, with 95.1% of females and 91.2% of males (specificity).

Discussion
Accuracy in conceptualisation of BD achieved in recent years
has led to changes in reformulation of some consumption items in
AUDIT, as well as the use of new combinations of items to achieve
maximum accuracy when detecting potential high-risk consumers.
This study has tested whether reformulation of items A2r and A3r
(AR2i), and new combination that includes the two previous items
plus 4, 8, and 9 are a suitable alternative for classifying young BD
individuals. The results confirm that both versions obtain better
sensitivity and specificity values than the traditional scales (AUDIT
and AUDIT-C), being even higher than those of previous studies that
tested AR2i (Cortés, Giménez, Motos, & Sancerni, 2017; Blank et al.,
2015; García et al., 2016; Motos et al., 2019) and than those that used
other combinations of items (McCambridge & Thomas, 2009).
With a cut-off point of ≥ 3, only 1.7% of BD females are incorrectly
classified. In the case of males, this percentage is reduced to 0.3%
with a cut-off point of ≥ 4.
Furthermore, both versions display adequate levels of internal
consistency, especially AR2i, which achieves a high rate of reliability.
This result is not surprising since the two items that best describe
patterns of consumption have been used (Blank et al., 2015), although
written to take BD characteristics into account (Cortés, Giménez,
Motos, & Sancerni, 2017).
It can be concluded that both versions are more suitable for
classifying both BD males and BD females than the original scales, but
the usefulness of each will depend on the clinical purpose they are
given. In environments where time is a key factor in identifying highrisk consumption, such as primary care or university campus health
centres, it would be more appropriate to use AR2i, which evaluates
only the pattern of consumption. If information on some of the
consequences associated with this pattern of high-risk consumption
is also sought (CNAPA, 2014; Conde et al., 2016; Cortés & Motos,
2015; Hingson et al., 2016), in order to provide feedback to the young
person, increase their awareness, and highlight the need for change,
it would be advisable to use the new combination of five items.
Furthermore, it can be confirmed that there is a sex difference
in the BD consumption pattern, with males engaging in BD more
intensively and more frequently. Nevertheless, both groups exceed
the minimum limits for the quantity and frequency of consumption
established in the definition of BD itself, even doubling the amounts
of alcohol ingested in each bout of drinking, with a frequency of six
times a month in the case of males. These results show the high
risk young BD individuals are exposed to in experiencing negative
consequences as a result of this drinking pattern. Therefore, it is
important to prioritise the development of interventions that are
more suited to the needs of this group in order to lessen or prevent
these consequences (Vargas-Martínez et al., 2018).
Contributions of this study not only make new tools adjusted
to the BD group available to clinicians, in order to produce proper
identification and thus facilitate possible intervention, but also
represent an advance in the field of research by enabling the
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collection of more accurate data on the actual incidence of this
pattern of consumption among young people.
A limitation of this work is that the heterogeneity of the pattern
of consumption has not been taken into account; only a generic cutoff point has been established for BD males and females. Previous
research indicates the importance of addressing the different levels
of severity involved in the practice of this consumption behaviour
(Cortés et al., 2016; Cortés, Giménez, Motos, & Sancerni 2017; Cortés,
Giménez, Motos, Sancerni, et al., 2017; Patrick et al., 2013; Read et
al., 2008) due to the more or less evident consequences it has on a
young person. Therefore, this paper opens up the possibility of new
lines of research focused on checking the relevance of AR2i and
the new combination of AUDIT items (A2r, A3r, 4, 8, and 9) among
BD individuals of varying intensities (Cortés, Giménez, Motos, &
Sancerni, 2017; Cortés, Giménez, Motos, Sancerni, et al., 2017; Motos
et al., 2019).
Another possible limitation to consider in this paper is the use
of self-assessment to collect the consumption pattern due to the
effect of social desirability on participants’ responses (Lucena et al.,
2013). However, with reference to young people, self-assessments
have been deemed valid and reliable because they guarantee the
anonymity of participants and the confidentiality of the data, in
contrast to what usually occurs with other types of data records,
such as home surveys (Degenhardt et al., 2013; Knight et al., 2003).
However, future research would need to address other factors that
may interfere with participants’ responses, such as poor motivation in answering the questions or memory lapses in some of their
recollections (Hernández-Serrano et al., 2015). It would also be
important to consider the generalisation of the results obtained
from this study in future research, bearing in mind that this type
of consumption is highly prevalent among adults, especially those
between the ages of 20 and 29, which is the age range with the
highest prevalence of BD in Spain (OEDA, 2017).
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