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D-ARIANNA PROJECT SUMMARY

ABSTRACT

Background. The Digital-Alcohol Risk Alertness Notifying Network for Adolescents
and Young Adults Project (D-ARIANNA) addresses a topic of growing interest in the
field of substance abuse among adolescents and young adults, i.e., risk estimation
models for binge drinking (BD) using eHealth apps. According to relevant research, this
study novelty value may bring an important contribution to the substance abuse
community. BD is common among young people, but often risk is not recognized.
eHealth apps, attractive for young people, may be useful to enhance awareness of this
problem. We aimed to develop a risk estimation model for BD, incorporated into an
eHealth app, D-ARIANNA, for young people.

Methods. A longitudinal approach with phase 1 (risk estimation), phase 2 (design),
phase 3 (feasibility study) was followed. Ten risk and two protective factors identified
from the literature were used to develop a current risk estimation model for BD.
Relevant odds ratios were pooled through meta-analytic techniques, deriving weighted
estimates to be introduced in a final model. The model, nested in an eHealth app
interview, provided in percent an overall risk score, accompanied by appropriate images
and a summary message with factors that mostly contributed. The D-ARIANNA
questionnaire, matching identified risk factors, was assessed for wording, content and
acceptability. Feasibility study was a quasi-experimental, pre-/post-test study. Subjects
were recruited in pubs, discos, or live music events in Milan urban locations. They were
requested to self-administer D-ARIANNA and were re-evaluated after 2 further weeks.
Feasibility Study Results. Young (18-24 years) people (N = 590) reported reduced two-
week BD (18% vs. 37% at baseline). Most of subjects considered D-ARIANNA helpful.
To exclude systematic errors involving those lost at follow-up (14%), the diminution in
BD was also evaluated through an appropriate generalized estimating equation model.
Conclusions. D-ARIANNA is the first evidence-based eHealth app for BD in young
people, cited in the European Monitoring Centre for Drugs and Drug Addiction

(http://www.emcdda.europa.eu/html.cfm/index98829EN.html) and the NHS health apps libraries

(http:/apps.nhs.uk/apps/alcohol/). Although a more advanced study is pending by through of

an adequately powered trial, the promising results point to the potential of a smartphone
tool for preventing relapse in BD and its application in real word practice, thus enabling
further studies. D-ARIANNA, focused on personal communication and BD risk
awareness, influences responsible drinking, and could be tested in an environmental-

based community intervention.


http://www.emcdda.europa.eu/html.cfm/index98829EN.html
http://apps.nhs.uk/apps/alcohol/

INTRODUCTION

Binge drinking: definition and prevalence

Binge drinking (BD) can be described as heavy alcohol use over a short period

of time, and it is typically defined by a consumption of four or five drinks in a row
among women and men, respectively (Wechsler et al., 1995). BD is problematic and
dangerous, resulting not only in acute impairment, but also over half of the annual
80,000 deaths caused by excessive alcohol consumption are attributable to BD (WHO,
2011). In the U.S. this dangerous pattern of alcohol consumption is considered a public
health concern (Naimi et al., 2003), as more than 15% of young people aged between 18
and 24 years are engaged in BD, with a male/female ratio of 3:1 (CDC, 2011), and in
the high risk group with hazardous alcohol use young adults age range contributes for
40% (SAMHSA, 2012). In addition, data from the 2001 National Household Survey on
Drug Abuse on 19-21 years U.S. adults, highlighted a weekly BD prevalence of 12%
and 27% among females and males, respectively (Slutske, 2005).
At the same time, relevant research showed an increase of BD among young people also
across Europe (Plant et al., 2009; Kuntsche et al., 2007; Farke and Anderson, 2007).
For instance, the European School Survey Project on Alcohol and Other Drugs
(ESPAD), gathering information on substance abuse among students in 35 European
countries, showed that in France, UK, Finland, Denmark, and Belgium, 45% of males
and 36% of females aged between 15 and 16 years consumed five or more drinks on a
single occasion during the last 30 days (Hibell et al., 2009). In addition, a six European
countries (Germany, Iceland, Italy, Netherlands, Poland, and Scotland) cross-sectional
survey on 16,551 students from 114 public schools showed that 27% of the sample had
consumed >5 drinks in a row on at least one occasion in their life (Hanewinkel et al.,
2012). Also in culturally distinct Southern Europe countries like Spain, with possibly
healthier drinking cultures, more than 15% of young adults experienced BD at least
once in the past month (Soler-Vila et al., 2013).

Binge drinking and young people

High persisting rates of frequent, intense alcohol use or BD might lead to alcohol
dependence in young adults (Bonomo et al., 2004). Furthermore, adolescents and young
adults who engage in BD are more likely to report other health risk behaviours, such as
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riding with a driver who had been drinking, smoking cigarettes, being a victim of
violence, attempting suicide or using illicit drugs (Miller et al., 2007; Jones et al., 2001,
Siliquini et al., 2012; Martinotti et al., 2011; Haberstick et al., 2014). The impact of BD
among young people has been also associated with an increased risk of social and
clinical consequences in the adulthood, such as psychiatric morbidity, homelessness,
convictions, lack of qualifications, and accidents (Martinotti et al., 2009; Viner and
Taylor, 2007).

Common reasons for alcohol drinking during adolescence and early adulthood are
related to expected benefits with anticipated consequences perceived as personally
desirable, and include pleasure, habit, social/recreational increasing confidence, anxiety
or stress, coping with negative affect reasons and social pressures (Patrick et al.,2011;
Newbury-Birch et al., 2000). Also, comorbid mental disorders might play a role in

alcohol misusing risk (Carra et al., 2012).

Decision making

On the other hand, BD is associated with long-term changes in cognitive processes,
which may explain the loss of control over excessive alcohol consumption. These
modifications include increased subjective craving for alcohol, positive and arousing
outcome expectancies and implicit associations for alcohol use, increased action
tendencies to approach alcohol, impulsive decision-making, and impaired inhibitory
control over drives and behaviour (Field et al., 2008). In particular, expected benefits
have a key role for decision-making impaired mechanisms, involving individuals’
tendencies to prefer an immediate to a delayed reward, even when this is associated
with significant negative consequences (Goudriaan et al, 2007).

Impaired decision-making is actually a common issue for substance users, who show
little regard for consequences, and often deny or are unaware that they have a problem
(Bechara, 2003). This seems even more true for college students who binge drink,
though they are more likely to report adverse consequences of drinking (e.g., missing
classes, spending less time studying, experiencing unplanned and/or unsafe sex,
becoming injured, and getting into legal trouble) (Figlock, 2010). Since compromised
decision-making mechanisms make people unable to consider the negative
consequences of their misuse and to learn from previous mistakes, its role in substance
use has been acknowledged (Bechara, 2003). In particular, recent studies showed that

BD among college students is predictive of disadvantageous decision-making, though



this should be nearly or fully developed in young people (Goudriaan et al., 2007).
Indeed, young people’s knowledge and awareness of BD consequences are often low
(De Visser and Birch, 2012), and perception in terms of risky behaviour is scant
(SAMHSA, 2013). In addition, even if they might be able to anticipate BD
consequences, they often don’t care or consider consequences not relevant to
themselves (Goudriaan et al., 2007).

Moreover, young people behaviour is connected to peers and friendships actions. A
relevant research on college friendships (Borsari and Carey, 2006) provides evidence
for quality of peer relationships influence on alcohol use in young people. In particular,
stability, intimacy and support appear to be key components of this connection. Young
people behaviours are strictly related to a combination of these three components,
involving young people number of social interactions, long-term, rather than quickly,
friendships, feeling interpersonally close with friends and decreasing loneliness, and the
extent to which the individual is accepted, including self-confidence and sociability
(Borsari and Carey, 2006).

Strategies dealing with decision-making in young people

In order to find common strategies to approach young people and their decision-making,
new eHealth platforms have recently designed and implemented, based on social media
and multimedia networks (Norman and Yip, 2012). eHealth tools, engaging young
people across diverse contexts, appear able to support behavioural changes.

Indeed, eHealth technology encompasses a wide range of delivery formats (e.g.,
computer-based, smartphones, tablets), types of intervention (e.g., brief interventions,
behavioural therapy, treatment adherence tools), and have been used across various
substances of abuse (e.g., opioid, cocaine, alcohol, cannabis, etc.) (Kiluk and Carroll,
2013), for an array of populations (adults, adolescents and young adults, criminal justice
populations, postpartum women), and in a number of different settings (addiction
specialty treatment programs, schools, emergency rooms, criminal justice settings)
(Marsch et al., 2014). Nowadays 90% of individuals worldwide have access to mobile
phone services, including vulnerable populations, such as people with substance use
disorders (McClure et al., 2013). Accessibility and availability across settings, enhanced
patient-clinician communication, conveyance of information in an engaging manner,

individualization and tailoring of intervention, all are eHealth advantages appropriate



for people with addiction problems (Olmstead et al.,, 2010). As nearly 90% of
individuals with a drug or alcohol problem does not access treatment (SAMHSA, 2012),
technology-based interventions may allow improved perceived privacy and anonymity,
coping with stigmatization or embarrassment about drug use, and increasing the number
of people receiving treatment for illicit recreational drug use (Wood et al., 2014). In
particular, relevant trials have been conducted for mobile phone text message
interventions with participants receiving feedbacks tailored to their individual responses
(Suffoletto et al., 2013). As a whole, eHealth tools for prevention programs have shown
encouraging results as regards identification of BD, alcohol use reduction and
behavioural support among young people (Fraeyman et al., 2012; Kypri et al., 2009a).
On the other hand, traditional preventive interventions on BD have shown poor
effectiveness among young people (Ferri et al., 2013), and possibly, impaired decision-
making in young people who binge drink makes this attempt even more difficult.
eHealth tools might instead address these difficulties, taking advantage of young people
propensity to, and expertise with, electronic devices. However, studies on BD
characteristics and correlates conducted in Southern Europe are sparse (Digrande et al.,
2000, D’Alessio et al., 2006; Laghi et al., 2012; Soler-Vila et al., 2013), though
relatively healthier drinking culture might moderate magnitude and consequences of
excessive alcohol intake among young people (Méakela et al., 2006). Furthermore, there
is a lack of research exploring prevalence and correlates of BD in natural settings,
whereas most of studies were specifically conducted among high school (Miller et al.,
2007; Laghi et al., 2012) or college/university students (Wechsler et al., 1995;
Digrande et al., 2000, D’Alessio et al., 2006).

AIMS

The primary aim of this study was to develop an evidence-based current risk estimation
model for binge drinking, to be incorporated into an eHealth app for adolescents and
young adults. This innovative approach could be useful in designing prevention
strategies for BD in young people and includes on phase 1 risk estimation, phase 2
design, and phase 3 feasibility of the D-ARIANNA study.

Secondly, we explored BD correlates in a representative sample of not abstemious
young adults recruited in areas of the Milan nightlife scene, evaluating the impact of D-
ARIANNA eHealth app.



MATERIALS AND METHODS

Evidence-based risk estimation model

Scientific literature search

Search Strateqy

First, we aimed at exploring scientific literature in order to investigate studies on BD
among young people. Thus, we conducted a systematic review of the scientific literature
in order to identify risk and protective factors of BD and their relative effect, enabling
the implementation of the risk prediction model. We used PubMed electronic database
for search purposes in order to identify relevant studies published up to May 2013. No
time limits, neither language restrictions, were applied. Search phrases combined index
and free-text search terms, i.e., "Binge Drinking" and "Risk Factors”. We also used
Medline’s Medical Subject Headings terms (MeSH) to avoid too general and broad
concepts. Results were filtered to include only articles on adolescents (13-18 years) and
young adults (18-24 years). Furthermore, we hand-searched reference lists of relevant

systematic or narrative reviews on BD among young adults or adolescents.

Eligibility

We included any observational study based on a cross-sectional, case-control or
prospective design with the following characteristics: (1) estimates of BD proportion;
(2) analysis of variables potentially associated with BD; (3) samples of young adults or
adolescents. If we found the same data published in multiple works, we retained only
the study with more complete information to avoid duplicate results. We included only
studies published on peer reviewed journals and dissertations, excluding conference

abstracts.

Data collection process

We made a preliminary screening based on titles and abstracts. Papers were then
retrieved in full text to test the final eligibility according to inclusion criteria. According
to standard procedures, the eligibility assessment was performed by two researchers
independently. Discordance on the inclusion or the exclusion of articles was analysed,

and disagreements resolved by consensus.



We built a data extraction template, including for all the eligible studies key items based
on year of publication, country, recruited population, sample size, methods to assess

risk factors and BD, and main results.

Identifying risk factors for binge drinking and deriving estimates

Review of the scientific literature addressed the identification of BD risk and protective
factors, enabling the implementation of the risk prediction model. Furthermore, as
National young binge drinkers may have different drinking cultures, as compared with
their U.S. and Northern Europe peers, we also explored correlates of BD from the
National Institute of Statistics databases.

We aimed at identifying several factors associated with BD, with a coverage on socio-
demographic, clinical, individual, and lifestyle characteristics, as well as substance-
related behaviours. Since different results for the same risk/protective factor might be
retrieved from several published studies, evidence regarding identified risk factors, in
terms of strength of association, was collapsed into single estimates for each
risk/protective factor. Relevant odds ratios were pooled through meta-analytic
techniques with a random-effects model, deriving for each risk/protective factor
weighted estimates to be introduced in a final model. Moreover, where raw data were
available, binge drinkers were considered as cases, and subjects who were not engaged
in BD as controls. Data on potential risk factors for BD were collected for both cases
and controls. We considered for meta-analyses only risk/protective factors for BD with
data available at least from two different studies. Only clinically relevant factors with
sufficient evidence for the association with the outcome BD were included in the final

model.

Risk estimation model for binge drinking

The equation model and the risk score

Risk estimation models have been used to investigate an outcome of interest determined
by multiple interacting risk/protective factors, balancing their relative contributions, to
enhance individual’s decision-making abilities (D Agostino et al., 2001). Since several
variables may influence BD risk, there is the need to develop a model which can take

into account multiple components, cumulative and, sometimes, synergistic effects,



providing a more tailored approach with a set of identified factors. Similarly to other
biomedical fields (e.g., cardiovascular diseases), factors related with an increased risk of
developing an unhealthy behaviour such as BD can be modelled. Although the use of
only factors that are potentially modifiable might appear reasonable, including in a
model all those that improve risk estimation could encourage individuals at high risk to
change remaining risk factors. Furthermore, factors included in estimation models need
to be weighted, according to their prevalence in relevant populations, to obtain risk-
estimation functions. In the cardiovascular field, for example, the most common
approach is based on proportional hazards model, either Cox (semiparametric) or
Weibull (parametric), accounting for variable follow-up times and losses to follow-up
(Cooney et al., 2010). However, logistic regression is also used for risk estimation
functions, translating coefficients into more intuitive clinical interpretations.

Estimation models have been shown to effectively reduce risk factors levels for
cardiovascular diseases (e.g., Cooney et al., 2010), and logistic regressions have been
used in models dealing also with different outcomes, e.g., breast cancer (Ayer et al.,
2010), postoperative complications (Toner et al., 1996), and stroke (Aviv et al., 2009).
Model performance is assessed in terms of several domains: discrimination (maximum
achievable sensitivity and specificity); calibration (measuring how closely predicted
outcomes agree with actual ones in an external dataset); ability to detect implicit
interactions among different risk factors; generation of confidence intervals, and ease of
clinical interpretation (Cooney et al., 2010). In sum, logistic regression may represent a
powerful statistical method of modelling a binary outcome through the combination of
predictor variables. In the regression model each regression coefficient provides a
description of the size of the contribution of the corresponding predictor variable to the
outcome. Therefore, combining relevant predictor variables leads to a regression
equation and allows calculating the expected probability that outcome is “presence of
condition of interest” for a given combination of predictors, through a composite
function that reflects the relationship between the predictor variables and presence of
condition of interest. Thus, a logistic regression estimation model, comprehensively
including relevant associated risk and protective factors, and nested in an appropriately
drafted questionnaire, is adequate to predict BD risk. Developed regression equation can
then be translated into a predicted probability value for a given combination of
predictors (scenario). Each scenario shows therefore a percentage for current risk

estimate (overall risk score).
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The following formulas in Equations (1) and (2) were used for the predictive model in

order to build a risk score for binge drinking current risk.

logodds = 3, + BX, +...+ B,X. 1)

. R T
risk score = T oot 100 )

Model Design

Results on identified risk/protective factors

The vast majority of samples of included studies, ranging from 76 to 44,610 individuals,

were made of school, college and university students from Anglo-Saxon countries. We

identified different risk/protective factors of BD that might be included in a risk

estimation model. These factors were grouped according to the following categories.

a)

b)

Socio-demographic characteristics. Standard socio-demographic information
regarding age, gender, country of birth, educational and employment status,
living condition, was included along with school proficiency (Miller et al.,
2007) and more behaviour-specific correlates, such as relationships (Jasinski
and Ford, 2007; Borsari and Carey, 2006), and young people financial
availability (Bellis et al., 2007).

Clinical and individual characteristics. As there is a strong association between
substance-related behaviours and mental disorders (Carra and Johnson, 2009;
Carra et al., 2006; Carra et al., 2014), particularly between BD and depression
(Paljarvi et al., 2009), we took into account presence of depressive and anxiety
symptoms. Furthermore, impulsivity, as measured by the Substance Use Risk
Profile scale (SURPs) (Woicik et al., 2009), was also found likely associated
with the risk of BD among young adults, being related to alcohol abuse and
physiological dependence symptoms (Balodis et al. 2009; Townshend et al.,
2014).
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c)

d)

Lifestyle characteristics. Previous studies found that several lifestyle habits
could influence BD behaviour. First, the interest for joining events and attending
recreational settings where it may be easier engaging in BD, such as night
parties or discos might influence young people alcohol consumption
(Gallimberti et al., 2011; Wechsler et al., 1995). Second, participation to sport
activities involving violent social identity and antisocial norms might affect
alcohol use (Sgnderlund et al., 2014). The same link could be found for
videogame use (Sanchez et al., 2011). In addition, an association was found also
between risky behaviour and young people religious participation and
volunteering activities (Weitzman and Chen, 2005). Religion might directly
reduce risky behaviours through moral guidance and strong social networks that
reinforce social norms (Mellor and Freeborn, 2011; Gruber, 2005).

Substance and alcohol-related behaviours. Other substance-related behaviours,
such as smoking nicotine cigarettes and/or cannabis, were found potentially
associated with BD (Siliquini et al., 2012; Reed et al. 2007). This aspect
included also electronic cigarettes (e-cigarettes) growing phenomenon (Sutfin et
al., 2013; Choi et al., 2014). Moreover, role of decision-making mechanisms for
alcohol consumption is emphasised when choices in real life situations and
environments condition young people alcohol expectancies and drinking
behaviours. This leads to the definition of alcohol environments, such as live
music events, alcohol outlets where young people meet up, but also influence of
peers and family drinking habits. Thus, since young people daily life is highly
linked to peers and friendships (Borsari and Carey, 2006), we considered as
important factors from previous evidence peers’ alcohol consumption and
positive alcohol expectancies, as estimated by the Alcohol Expectancies
Questionnaire (AEQ-AB) seven-item Likert scale exploring related domains
(global positive changes, changes in social behaviour, improved cognitive and
motor abilities, sexual enhancement, cognitive and motor impairment, increased
arousal, and relaxation and tension reduction) (Weitzman et al., 2003;
Townshend et al., 2014; Stein et al., 2007).

Final model

We selected factors based on several features, i.e., the strength of association with BD,
consistency among the definitions of the independent variable provided by different
studies, and sensitive nature of the topic. Modifiable nature of risk factors was also
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considered. Unfortunately, several different risk factors, originally identified from the
literature review, were not included. Indeed, we deliberately excluded from the model
those that could look inappropriate in terms of sensitiveness, specifically according to
the local cultural background and therefore with potentially biased answers and missing
values, i.e., sexual orientation (Jasinski and Ford, 2007), history of sexual abuse
(Mouilso et al., 2012), flat-share (Kypri et al., 2009b), single-parent family (Fisher et
al., 2007), having a religion (Sanchez et al., 2011). Factors with paucity of data,
including videogames, financial availability in terms of pocket money, ethnicity, and
drunk-driving (Sanchez et al., 2011; Bellis et al., 2007; Elton-Marshall et al., 2011; Tin
et al., 2008), were also excluded, as well as those without specific measures appropriate
to be nested in an easy-to-use eHealth app (i.e., alcohol expectancies, anxiety and
depression) (Eaton et al., 2004; Oei and Morawska, 2004; Mitchell and Coyne, 2007),
though comorbid mental disorders might play an important role (Carra and Johnson,
2009; Carra et al., 2012; Bartoli et al., 2014; Carra et al., 2014). Other factors were
omitted for other different reasons, such as equivocal findings, i.e., socio-economic
status (Sanchez et al., 2011), wide range of legal drinking ages in different countries,
I.e., ease of alcohol availability (Weitzman and Chen, 2005), heterogeneity of risk factor
definitions, i.e., playing sports and media influence (Tao et al., 2007; Hanewinkel et al.,
2012), overlapping/correlation, e.g., impulsivity and engage in physical fighting (Swahn
et al., 2004). Therefore, given appropriateness of retrieved data and quality of evidence,
ten risk (five modifiable), and two protective factors showed relevant associations with
BD in young people and were included into the model. Thus, we developed a risk
estimation logistic regression model using the following factors, ranked in order of
estimates magnitude: past 30 days cannabis use, interest for clubs and parties, smoking
cigarettes, gender, past two weeks excessive alcohol consumption, drinking onset at age
17 or younger, peers influence, parental alcohol misuse, age, impulsivity as measured
by SURPSs (Woicik et al., 2009). In addition, two protective factors were identified and
included in the model, i.e., volunteering, and school proficiency (Miller et al., 2007).
Main factors and relevant studies are shown in Table 1.

Regression equation needed then to be translated back into a predicted probability value
for a given combination of predictors. Thus, each possible combination of predictors

has an expected probability calculated from regression equation.
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Table 1. Factors contributing to risk estimation model. Characteristics of included studies.

Risk/Protective Factor | Source* Country Setting Size | Odds ratio
(95% Cl)
New university 10.34
McGee et al, 2010 Zealand students 1356 [6.39-16.73]
. universit 9.55
Cannabis use (Yes vS. N Dlgrande et al, 2000 Italy Studentsy 1911 [699'1306]
(past 30 days)
W college 7.13
echsler et al, 1995 USA students 17592 [6.36-7.99]
Vickers et al, 2004 USA eS| a1 s o o]
Gallimberti et al, 2011 aly | "9 SO0l ggp 2 e -
Interest for discos :
and parties (Yes vs. No) | Sanchez et al, 2011 Brazil hlgﬁgggtosm 2582 [4 4%_26629]
college 5.38
Wechsler et al, 1995 USA students 17592 [5.00-5.80]
college 4.69
Wechsler al., 1997b USA students 17592 [4.37-5.00]
university 420
Griffiths et al, 2006 China freshmen 2630 X
[2.50-7.20]
students
. . : college 411
Smoking cigarettes Schorllng et al, 1994 USA students 3374 [3.28-5.15]
(Yes vs. No)
. young 2.57
Harrison et al, 2008 USA adults 5838 [2.12-3.12]
. high school 5.90
Wickholm et al, 2003 Sweden students 6287 [5.00-6.90]
Jonas et al, 2000 UK young adults | 14762 3.54
: [3.16-3.97]
Gender (Male vs. Female| ISTAT National Institute Ital adolescents and 8325 2.88
of Statistics, 2012 y young adults [2.44-3.42]
Wechsler et al, 1997a USA college students | 17592 2.84
Binge (Yes vs. No) ' [2.6-3.1]
(past two weeks) 193
Beets et al, 2009 USA college freshmen| 827 [1.15-1.32]
college 2.74
Cranford et al, 2006 USA students 4580 [2.34-3.20]
. university 7.62
Digrande et al, 2000 Italy students 1911 [5.66-10.26]
Drinking onset Youth Risk Behavi 203
at age 17 or vounaer outh Risk Behavior young .
(Yegvs. No)y g Surveillance System 2011 USA adults 14751 [1.65-2.49]
Youth Risk Behavior 2.32
Surveillance System 2003 USA young adults | 10387 [1.89-2.85]
Maggs et al, 2011 USA college freshmen| 200 2.35
' [1.48-3.72]
. high school 1.94
Sanchez et al, 2011 Brazil 2582
Parental alcohol misuse students [1.55-2.43]
(Yes vs. No) el I . 2.15
Wechsler et al, 1995 USA college students | 17592 [1.97-2.34]
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Table 1 Continued

Risk/Protective Factor | Source* Country Setting Size | Odds ratio
(95% ClI)
Age (ref. younger age) ISTAT, National Institute Ital adolescents and 8325 1.91
of Statistics, 2012 Y| young adults [1.78-2.06]
Hanewinkel and Sargent, secondary school 1.53
2009 Germany | = gridents | 2708 | [1.25-1.88]
high school 1.31
Eaton et al, 2004 USA students 2004 [1.08-1.61]
Peers influence The secondary school 1.40
(Yes vs. No) Harakeh et al, 2012 Netherlands students 1742 [1.02-1.92]
. . secondary school 1.25
Gallimberti et al, 2011 Italy students 845 [1.10-1.43]
1%t and 2" year 410
Kim et al, 2009 China university 3041 :
[2.30-7.60]
students
Castellanos-Ryan et al, UK secondary school 76 1.27
Friedel, 2011 The 1.33
dissertation Netherlands adolescents 210 [1.15-1.54]
. Weitzman and Chen, college 0.69
Volunteering 2005 USA students | /087 | [0.65-0.73]
(vesvs. Noj Weit d Kawachi Il 0.77
eitzman and Kawachi, college .
2000 USA students | 17°92| [0.71-083]
. high school 0.44 [0.39-
Miller et al, 2007 USA students 14114 0.51]
college and 0.46
Engs et al, 1997 USA university 11621 :
[0.34-0.63]
students
secondary and 0.39
Hanewinkel et al, 2012 Italy high school 2668 ‘
d [0.31-0.49]
School proficiency students
(good vs. low high school 0.84
performance) Donath et al, 2012 Germany students 44610 [0.82-0.87]
college 0.64
Wechsler et al, 1995 USA students 17592 [0.60-0.68]
college and 0.75
Porter and Pryor, 2007 USA university 41599 [0 72‘_0 78]
students ' '
. high school 0.48
Rasic et al, 2011 Canada students 1615 [0.38-0.61]

*Full references of studies used to develop risk estimation model are listed in Appendix 2 (eReferences).
(Substance Use Risk Profile Scale).

Assessed by SURPS

However, developed model was refined according to a pilot sample (N=110), involving

subjects assessed at baseline and follow-up, using the preliminary version of D-

ARIANNA model (evidence-based overall score). However, previously estimated

parameters used for risk assessment purposes were likely to be overestimated due to

high heterogeneity across studies. Thus, we refined the modelled effects according to
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more realistic site-specific source characteristics. In addition, as the modelling provided
9,216 scenarios based on possible combinations, distribution data were split into five
equal groups, thus calculating four quintiles (Altman and Bland, 1994). Relevant cut-off
points, rounded to the nearest integers, were 43, 62, 82, and 93. However, for ease of
interpretation these were amalgamated, deriving a simple percentage scoring system.
Based on the coefficients of the model, we identified low (0-43%), moderate and
moderate-high (43.1-62% and 62.1-82%), and high (82.1-100%) risk levels. Though
most of risk factors can be generalizable across different populations, accounting for
variability due to local drinking cultures, prevalence data for age groups and gender of
young binge drinkers were collected from the National Institute of Statistics databases.
Thereby, the model can be easily adapted if analogous national data can be retrieved.

Model performance was assessed through ROC curve analysis (Figure 4). This analysis
revealed a probability that randomly selected member of high binge drinking risk score
would have a larger classifier value than a randomly selected member of low risk group
of 0.84 (0.69-0.98) with a cut-off value of 73% for D-ARIANNA overall score
(sensitivity 83% and specificity 75%). According to selected cut-off, young people were
to get a positive or negative test (overall score showing a high risk of BD) if they have
BD condition (BD episode in the past two weeks), compared with a person without that
condition with positive likelihood (LR+) ratio of 3.23 and a negative likelihood ratio
(LR-) of 0.22, respectively. The tool appeared reaching a good threshold of accuracy
even though showing only a small increase in the likelihood of BD. However, because
of paucity of appropriate data in scientific literature (see Final Model paragraph), the
model took into account only a restricted set of factors influencing BD current risk, not

accounting for a considerable portion of variability and interactions.

Figure 4. ROC curve analyses
D-ARIANNA score and binge drinking current risk
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Implementing the model based on risk/protective factors in an interview

Questionnaire drafting

In order to carry out the interview, an unambiguous but not alarming questionnaire was
needed catching youth attention. Young people may have specific insights in terms of
appearance, and peculiar key questions/impediments/facilitators need to be considered.
Thus, we designed a specific questionnaire investigating domains derived from
identified risk/protective factors in an engaging manner (see Appendix 1). We took into
account features that could affect response, in particular order and wording of the
questions based on theoretical concepts applied to research in health (Bowling, 2002).
We utilized closed questions in order to develop easily suitable response codes,
providing comprehensive and unambiguous categories and, if necessary, an “other”
category if we felt that there might be some unexpected answers. We built short queries,
banning negatives since these are confusing and ambiguous. Wording was based on
familiar statements and phrases that young people can understand. Hence, we avoided,
when not strictly necessary, an excessively formal lexicon preferring a smooth and
easy-to-understand language. Furthermore, also duration of questionnaire administration
was taken into account, developing a ten minutes interview. We placed first simple and
basic questions in order to retain rapport and goodwill, and those that seemed most
sensitive at a later stage. For questions on impulsivity, as required by Substance Use
Risk Profile Scale (SURPs), we used a Likert scale, a quick and popular method that
contains a series of “opinion” statements about an issue (five in the case of SURPSs), and
that may be developed specifically for young people.

Along with questions investigating risk/factors status, the interview included also
questions on excluded factors for descriptive purposes. For instance, we investigated
financial availability in the weekend (pocket money) and use of violent videogames.
Furthermore, we included some screening question about presence of depressive
symptoms with a yes/no single item: “Have you felt depressed or sad much of the time
in the past year?” and for anxiety symptoms in the same manner, asking: “Have you felt
anxious much of the time in the past year?”. Even though not entirely reliable and not
adequate to be nested in an easy-to-use eHealth app, single-item questions have been
used for depressive disorders screening in both general and clinical populations
(Mitchell and Coyne, 2007; Carra et al., 2011), as well as for anxiety detection
(Teunissen et al., 2007). We also explored if the subject had high alcohol expectancies
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for social facilitation (Townshend et al., 2014) through the Alcohol Expectancies
Questionnaire for Adolescents, Brief (AEQ-AB) (Stein et al., 2007). The AEQ-AB is a-
seven item Likert scale exploring alcohol expectancies on global positive changes,
changes in social behaviour, improved cognitive and motor abilities, sexual
enhancement, cognitive and motor impairment, increased arousal, and relaxation and

tension reduction (Stein et al., 2007).

Acceptability of the questionnaire

A pilot study was conducted involving high school students (N=110), aimed at verifying
users’ comprehensibility of the questionnaire, removing expressions or contents that
could be experienced as offensive or provocative, and gathering feedback and
suggestions about the graphics and usability of the eHealth app. We evaluated
acceptability and wording of D-ARIANNA app, providing each enrolled with a form,
immediately after interview completion. Ninety-eight percent of subjects considered D-
ARIANNA an easy-to-use app and about 94% of subjects would recommend it to a
friend. Nevertheless, 18% felt that some questions in the app sounded provocative either
covered sensitive topics (i.e., parental alcohol misuse, school proficiency, past two
weeks binge, past 30 days cannabis use, and drinking onset at age of 17 or younger). In
addition, 13% of subjects suggested minor wording changes in questions on impulsivity,

peers influence, smoking cigarettes, interest for clubs and parties.

Incorporating the model in an eHealth app

Finally, the questionnaire and the connected risk estimation model for BD were
embedded in an eHealth app (D-ARIANNA-Digital - Alcohol RIsk Alertness Notifying
Network for Adolescents and young adults), estimating user’s percentage risk for BD.
The statistical model was translated into an algorithm specifically designed for
smartphones (i.e., iPhone and Android), with errors fixing in a process called
debugging. Thus, the algorithm was verified in a version for personal computer and then
it was integrated with a user graphical interface enabling use and appealing of eHealth
app (e.g., questions placement, colours and fonts, specific graphic according to type of
device, intuitive use of the app...). Thus, the eHealth app D-ARIANNA provides the
described classification of different risk levels (from low to high), with user-friendly
screens and simplified graphical interfaces. Moreover, a closing summary message

shows risk factors that mostly contribute to the overall score. Examples of D-
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ARIANNA screens are shown in Figure 1. Most information was recorded locally, with
a support back-end area on a server. Each user identification was anonymized through
an identification number. In addition, disclaimers for privacy regulations accompanied
the implemented algorithm. The developed application was freely delivered in the
market (Apple Store and Android Market) for the final release of the eHealth app.

Figure 1. Examples of eHealth app D-ARIANNA screens
BIARIANNA BIARIANNA
Digital-Alcohol Risk Alertness s e s

Notifying Network for Adolescents
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Please remember that binge drinking is the‘

BIARIANNA

consumption of five or more alcoholic drinks for
men and four or more for women. Your risk for
binge drinking is quite high. You must discuss
it and its consequences with your family
doctor. Your estimated risk percentage is

The mostimportant factors contributing to your risk
are:

. You hang out at clubs and parties.
. Your academic performance is suboptimal
.You are a smoker

. You have many friends that drink too much

. You have engaged in binge drinking at least once
during the past 2 weeks.

. You are fairly an impulsive person

>90%

The risk percentage provided by D-ARIANNA is
only an estimate of the probability of binge
drinking. It does not imply the ability to predict
that it will happen.

Feasibility Study

Sample and study design
The study aimed to involve young people aged between 16 and 24 years, representative
of youth general population susceptible to excessive alcohol consumption. Although

studies of use of alcohol-related treatment have typically covered a very wide age range
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-rather than focusing specifically on young adults- (Grant, 1996; Hasin et al. 1995;
Weisner and Matzger, 2002; Wu et al., 1999), a prior study reported that only 6% of
college students with alcohol dependence had received alcohol treatment services since
starting college (Knight et al., 2002). The most common reasons for not using services
were “not ready to stop using alcohol and/or drugs” (47%), “having no health care
coverage and unable to afford the cost” (19%), “concerned that getting services might
cause neighbours and community to have a negative opinion” (18%), and “not knowing
where to go to get treatment” (15%). Thus, young people have a high prevalence of
alcohol use disorders, but they are very unlikely to receive treatment or early
intervention services or to perceive a need for such services. Underutilization of
alcohol-related services among young adults deserves greater research attention (Wu et
al., 2007). As a result, young people do not seek treatment for alcohol-related outcomes,
just because they think they could handle the episodes themselves, or more likely, they
did not consider excessive alcohol use serious or did not recognize it as a health
problem. Indeed, young people’s perception in terms of risky behaviour is scant
(SAMHSA, 2013).

Because of the chosen setting (Campostrini et al., 2006), we consequently opted for a
quasi-experimental, pre-post test design without a control group (Harris et al., 2006).
As a result, we set this proof-of concept study (PoC), verifying that the D-ARIANNA
tool has the potential for real-world application, for a first approach to young people

with excessive alcohol use.

Setting and procedures
Recruitment took place in urban locations of Milan, for example live music events.

Young people with the following characteristics were consecutively recruited: (1) aged
between 16 and 24 years; (2) having exceeded with alcohol at least once in the last 6
months (screening question). We included only individuals able to sign the informed
consent and excluded people who self-reported consumption of alcohol or drugs at the
moment of the interview. Thus, those who joined the study received an information
sheet and signed a written consent. In order to ease the sampling and to minimize
embarrassment, the recruitment was conducted by peers, similar to the target
population, introducing the tool and asking the screening question. Thus, the
interviewers were students, peers aged between 18 and 24 years, selected from different

Schools of Milano Bicocca University, and receiving 10 hrs training for the research
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project about data collection procedures, including checking eligibility, providing
information on the research project, obtaining consent, distributing and assisting with
questionnaires. Questionnaires were administered through a smartphone application (D-
ARIANNA eHealth app). Subjects who accepted to participate to the study received a
€10.00 mobile phone recharge.

On the other hand, participants’ drinking behaviour was evaluated after two further
weeks using a single-item test asking ‘How many times in the past two weeks have you
had X or more drinks in a day?’ where X is 5 for men and 4 for women (Wechsler et al.,
1994). This single-item test was considered as reference for assessment of participants’
BD condition. A response of > 1 was considered positive.

The study was approved by the Ethics Committee of University of Milano Bicocca (The
D-ARIANNA study, approval: 0009873/13).

Outcome definition

We chose a short-term primary outcome, consistent with the expected impact of a one-
shot self-administered eHealth app. We thus focused on detecting differences between
the BD rates in the 2 weeks before and after the eHealth app self-administration.

The D-ARIANNA eHealth app

Through the interview, embedded in the D-ARIANNA (Digital - Alcohol Risk
Alertness Notifying Network for Adolescents and young adults) eHealth app, users’
answers about BD risk and protective factors populate an algorithm, providing an
evidence-based current risk estimate for BD in young people (Carra et al., 2015). Thus,
the eHealth app identifies low (0-43%), moderate and moderate-high (43.1-62% and
62.1-82%), and high (82.1-100%) risk levels for the single subject, with user-friendly
screens and simplified graphical interfaces.

As a whole, D-ARIANNA eHealth app uses a personalized risk communication to
informed decision-making by individuals taking test, based on the nature of the
population involved (Edwards et al., 2013). Information on risk factors that contribute
most to the overall score are shown in a closing summary message, though this version
of the app only predicts behaviour and it does not offer information on why to change
behaviour. The feasibility study was aimed to explore the impact of D-ARIANNA on
BD relapse outcome.

D-ARIANNA eHealth app is freely available from the main app-stores Google Play™

(https://play.google.com/store/apps/details?id=com.saysoon.d arianna.en), and iTunes®
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(https://itunes.apple.com/us/app/d-arianna-enqg/id875252915?1=it&Is=1&mt=8). It was

also included in the European Monitoring Centre for Drugs and Drug Addiction
(EMCDDA) (http://www.emcdda.europa.eu/html.cfm/index98829EN.html) and the
NHS health apps libraries (http://apps.nhs.uk/apps/alcohol/).

Statistical analysis

For power calculation, we used information from the Italian Institute of Statistics
databases, assuming that in the relevant age range the proportion of subjects who had
recently binged on alcohol were 15% (ISTAT, 2012). Given a 5% level of significance,
90% power, and attrition of 20%, 589 participants would be needed to detect a 5%
difference in BD prevalence rates at follow-up.

Mean (SD) and percentages were used for descriptive statistics, provided also by
follow-up status. The normality of continuous data was checked with Shapiro-Wilk’s
test. Student’s t-test was performed under the assumption of normally distributed
continuous data, otherwise non-parametric Wilcoxon-Mann-Whitney test was used.
Chi-square and Fisher’s exact tests were applied for categorical variables. Where
appropriate Bonferroni multiple testing correction was used. Association with BD was
shown as odds ratio (OR) with related 95% confidence intervals (CI) and relevant p-
value.

In order to investigate the longitudinal course over the study period of 2 weeks we
performed Generalized Estimating Equation (GEE) analyses. Indeed, GEE regression
model takes into account the correlation of repeated within-person measures (Zeger et
al., 1998). Specifically, we used a logistic GEE model for the binary outcome binge
drinking in the past 2 weeks. However, risk and protective factors identified in the risk
estimation model were also entered with a stepwise procedure in the GEE model, in
order to take into account their effect on the outcome. Furthermore, we needed to
exclude systematic errors involving those lost at follow up, verifying whether
unobserved outcome data were missing: 1) completely at random (MCAR, i.e., the
probability of non-response depends neither on covariates nor on outcome); ii) simply at
random (MAR, i.e., non-response is dependent on observed covariates and outcome
values); or iii) not at random (MNAR, i.e., non-response depends on the value of the
missing outcome itself, even when observed data are taken into account).

We therefore followed a structured approach (He, 2010; Bell and Fairclough, 2014).

We first assumed that missing data did not influence our outcome, implementing an
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unweighted GEE model under the MCAR assumption. Nevertheless missing outcome
data might depend on observed covariates (the MAR condition). We consequently
performed sensitivity analyses, via t-tests and cross tabulations, comparing those who
dropped out versus those who did not, and implemented a weighted GEE model that
accounted for data from those who dropped out. In addition, we used a multiple
imputation (MI) procedure, based on replacing missing data by drawing from a
distribution of likely values. If we detected differences from any of these estimations,
there would be a reasonable chance of systematic error, and missing outcome data
would hence be dependent on observed values. However, people who are binge drinkers
might be reluctant to disclose their condition and to provide follow-up information
about adverse drinking outcomes. This would imply that the probability of nonresponse
depends on missing values, suggesting a MNAR condition. However, MAR and MNAR
can never be proved or falsified (He, 2010). We therefore analysed our data further by
systematically varying our assumptions about missing outcomes. We tested two extreme
models, i.e., a) all drop-outs would be bingers; b) all drop-outs would be abstinent, and
a more conservative one, i.e., ¢) using last observation carried forward (LOCF) data for
binging in the past 2 weeks. We evaluated how the estimates would change under each
of these assumptions. Large deviations in regression parameters would indicate possible
departures from MCAR (Chen and Little, 1999; Hogan et al., 2004), implying the
inadequacy of utilizing only complete data, while small deviations would justify a per-
protocol analysis. We used Stata statistical software package (version 13.1; StataCorp,
College Station, Texas).

Analysis of D-ARIANNA tool model performance

Furthermore, we provided an evaluation of D-ARIANNA tool for binge drinking
current risk performance using thresholds from ROC curves and summary measures,
including sensitivity (the ability to correctly identify those people who actually have the

condition) and specificity (the ability to identify people in a group who do not have the

Sensitivity

condition under investigation), along with positive (m

) and negative

(FL=SenstI Jikelihood ratios (LRs).
Specificity
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RESULTS — FEASIBILITY STUDY

Study Participants, Screening and Follow-up Assessment

The sample comprised 286 males (48%) and 304 females (52%). The mean age was
20.65 (SD=1.90) years, with no significant gender differences. The majority of young
people were students (88%), lived with parents (76%), get on well with them (90%) and
had no immigration background (87%). They had on average good academic
performance and played sports (64% of the whole sample). Many of them started
drinking at age 17 or younger (75%), smoked cigarettes (48%) or have used cannabis in
the past 30 days (34%). In addition, almost all participants were in contact with BD
peers (90%). Participant flow, follow-up rates, and the numbers analysed are presented

in Figure 2 according to inclusion criteria described in Setting and Procedures

paragraph. From potentially eligible consecutive subjects (N=654) we selected those
who reported excessive alcohol consumption at least once in the previous six months
(N=590, 90%). Of the 590 involved young people, 224 (38%) had reported - at baseline

recruitment — BD at least once in the past two weeks.

Figure 2. Study Participant Flow and Follow-up Rates

Potentially
eligible subjects
(n=654)

- Screened
B ase I I n e Selected subjects negative (past 6
(n=590) months Binge
drinking) (n=64)
| |
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(n=186) = (n=321) =
Binge drinking + Binge drinking - Binge drinking + Binge drinking -
(n=66) (n=120) (n=24) (n=297)

Data on bingeing after D-ARIANNA self-administration were unavailable for 38 (17%)
of the 224 subjects who reported bingeing in the past two weeks, and for 45 (12%) of
the 366 who did not. Thus, we obtained follow-up data from 507 (86%) participants
who had self-administered the D-ARIANNA e-Health app.
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Table 2. Baseline characteristics of participants lost to follow-up relative to those followed-
up

Variable ¥ Total Follow-up Drop-out P
N=590 N=507 (85.9) | N=83(14.1)
Female Gender 304 (51.5) 264 (52.1) 40 (48.2) 0.5122
Age (yrs), mean (SD) 20.7 (1.9 20.6 (1.9 20.9 (1.9 0.137°
Living with parents 446 (75.6) 392 (77.3) 54 (65.1) 0.023?
Get on well with parents? 0.876°
Not at all 10 (1.7) 9(1.8) 1(1.2)
Only a little 48 (8.1) 41 (8.1) 7(8.4)
Some 286 (48.5) 249 (49.1) 37 (44.6)
A lot 244 (41.4) 207 (40.8) 37 (44.6)
Immigration background 0.010%
No immigration background 515 (87.3) 451 (88.9) 64 (77.1)
One parent born outside Italy 34 (5.8) 26 (5.1) 8 (9.6)
Both parents born outside Italy 41 (6.9) 30 (5.9) 11 (13.2)
In a relationship 237 (40.2) 205 (40.4) 32 (38.6) 0.8932
Educational attainment 0.1222
Not attending any course 71 (12.0) 57 (11.2) 14 (16.9)
High school 168 (28.5) 151 (29.8) 17 (20.5)
University 351 (59.5) 299 (59.0) 52 (62.6)
School proficiency, mean (SD)
High school (maximum 10) 7.0 (0.8) 7.1(0.8) 6.9 (0.9) 0.377°
University (maximum 30) 25.5 (2.5) 25.5 (2.5) 25.5 (2.4) 0.886°
Employed or in occasional jobs 178 (30.2) 152 (30.0) 26 (31.3) 0.829?
Interest for discos and parties 214 (36.3) 181 (35.7) 33 (39.8) 0.4762
Self-assessed religiosity? 224 (38.0) 195 (38.5) 29 (34.9) 0.583?
Volunteering 166 (28.1) 147 (29.0) 19 (22.9) 0.2522
Playing sports 380 (64.4) 329 (65.3) 51 (62.2) 0.5882
Weekly pocket money 0.408%
0-20 Euros 202 (34.2) 177 (34.9) 25 (30.1)
21-50 Euros 249 (42.2) 217 (42.8) 32 (38.6)
51-100 Euros 102 (17.3) 84 (16.6) 18 (21.7)
>100 Euros 35 (5.9) 28 (5.5) 7 (8.4)
Self-assessed Depression# 129 (21.9) 115 (22.7) 14 (16.9) 0.2512
Self-assessed Anxiety#* 289 (49.0) 254 (50.1) 35 (42.2) 0.2072
Impulsivity® mean (SD) 5.1(2.1) 5.1(2.1) 5.3(2.1) 0.381°
Violent Video Game Use! 63 (10.7) 59 (11.6) 4 (4.8) 0.081°
SUBSTANCE-RELATED FACTORS
Smoking cigarettes 284 (48.1) 238 (46.9) 46 (55.4) 0.1522
E-cigarettes 24 (4.1) 17 (3.4) 7 (8.4) 0.063°
Cannabis use 198 (33.6) 159 (31.4) 39 (38.5) 0.1942
Early onset of drinking 445 (75.4) 383 (75.5) 62 (74.7) 0.869?
Previous binge drinking 224 (38.0) 186 (36.7) 38 (45.8) 0.113?
Peers binge drinking 0.3472
Only a few 61 (10.3) 50 (9.9) 11 (13.2)
Most of them 529 (89.7) 457 (90.1) 72 (86.8)
Parental alcohol misuse 71 (12.0) 61 (12.0) 10 (12.1) 0.9972
Positive alcohol expectancies’ mean(SD) | 21.4 (3.8) 21.5 (3.6) 21.0 (4.7) 0.884

Values are numbers (%), unless stated. *There are missing values for some variables: the greatest number of missing
values is for relationship status, where there are 490 ratings for follow-up participants and 78 for drop-outs; and for
current employment, 498 and 82 ratings respectively.

IMissing values for both follow-up participants and drop-outs=1

*drinking onset at age 17 or younger. TAssessed by AEQ-AB (Alcohol Expectancy Questionnaire-Adolescent, Brief).
#Assessed by K-10 relevant items. 8Assessed by Substance Use Risk Profile Scale, see Carra et al., 2015 for details
aPearson’s Chi-square test; Student’s t test; Fisher’s exact test, IMann-Whitney U test.
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Table 2 presents baseline sociodemographic and clinical characteristics comparing those
observed with those not observed at follow-up, together with several risk and protective
factors. Although not included in the risk estimation model, other relevant variables
were included for descriptive purposes in order to provide preliminary results. For most
of the variables, we had no missing data, although for possibly sensitive items of
questionnaire, response rates ranged from 96% (being in a relationship) to 99%
(religiosity; living alone or with parents; anxiety; depression; financial availability for
each week-end). Even if we should interpret this result with caution, young people
dropping out were significantly more likely to have background of immigration
(p=0.010) and less likely to live with parents (p=0.023). However, the two groups did
not statistically differ on any of the remaining attributes, including previous BD, even

though proportion was relatively higher in people who drop-out (37% vs 46%).

Correlates of binge drinking (BD)

Rates of an excessive alcohol consumption at baseline, before D-ARIANNA self-
administration, were significantly higher among females than males (42% vs. 34%);
p=0.049). However, at follow-up no statistically significant differences between gender
groups were found. In addition, people who recently engaged in BD before D-
ARIANNA showed higher scores of both impulsivity and alcohol expectancies
(p<0.001) according to SURPs and AEQ-AB scales, respectively. This was confirmed
at follow-up. Regarding investigation of clinical issues, depressive symptoms were at
baseline more frequent among binge drinkers than in non-binge drinking individuals
(28% vs. 18%), and, though not statistically significant (p=0.069), also at follow-up
(23% vs. 16%). No statistical differences were found for what concerns anxiety, both at
baseline (51.1% vs. 47.9%, p=0.455) and follow-up (50.7% vs. 47.8%, p=0.613). All
smoking habits appeared significantly related to a recent BD episode both at baseline
and follow-up. Cigarettes, cannabis, and e-cigarettes were regularly used by 58.0%,
44.2%, and 6.7% of binge drinkers, and by 42.1%, 25.1%, and 2.5% of non-binge
drinkers at baseline, and by 62.2%, 50.0%, and 8.9% of binge drinkers, and by 43.6%,
27.3%, and 2.2% of non-binge drinkers at follow-up, respectively. Moreover, univariate
analyses showed that, having more than €50 available per week-end (p<0.001), having
most of friends drinking alcohol (p<0.001), all were associated with a recent BD
episode both at baseline and follow-up. Having a high interest for parties and discos was

associated with BD only at baseline (p=0.024). On the other hand, young people living
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with parents, or who claimed to be religious, were less likely of having been recently
engaged in BD also at follow-up. Categorical correlates of baseline previous two weeks

BD are illustrated in Figure 3.

Figure 3. Correlates of previous binge drinking: univariate analysis

Odds Events, Events,
Variable Ratio (95% CI) BD MNon-BD
Living with parents — 0.37 (0.25, 0.54) 1431223 303/365
Having a religion —_— 0.63 (0.44, 0.89) 701223 154/365
Playing sports —_— 0.67 (0.48, 0.95) 1321223 248/363
Being a student —_— 0.78 (0.48,1.27) 1904224 321/366
In a relationship — (.85 (0.60,1.21) 851216 1521352
Anxiety —r— 1.14 (0.81, 1.58) 1141223 1751365
Early onset of drinking —_ 1.27 (0.86, 1.88) 1751224 270/366
Employed . 1.28 (0.89, 1.83) 751221 103/359
Female gender —— 1.40 (1.00, 1.95) 1271224 1771366
Interest for discos and parties —_— 1.48 (1.05,2.09) 94/224 1200366
Depression —_— 1.71(1.15,2.54) 621223 67/365
Smoking cigarettes JC— 1.90 (1.36, 2.67) 1301224 154/366
Cannabis use —_— 2.36 (1.66, 3.36) 99/224 92/366
High financial availability for each week end —_—— 2.68(1.81,3.96) T7223 G0/365
Smoking e-cigarettes ———) 285(1.22,6.62) 15(224 /366
Peerinfluence —— 346(1.72,6.98) 2144224 315/366

I I I I
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BD = binge drinkers; Non-BD = non-binge drinkers

D-ARIANNA e-Health app impact

Of subjects with complete follow-up data (N=507), 186 participants (37%) had at least
one BD occasion in the two weeks before baseline, and 90 (18%) in the two weeks
before follow-up assessment. However, we needed to exclude systematic errors
affecting those lost at follow up. Thus, we considered GEE and MI methods under the
different assumptions about missing outcome data previously described. Each GEE-
model compared follow-up drinking data with baseline assessments. In addition, we
took into account the effect of risk and protective covariates for BD at multivariable
level as reported in Table 3 that displays univariate and multivariable models under the
different assumptions considered. Under the Missing Completely At Random
assumption, analysis restricted to participants with complete data showed that the use of

the eHealth app was associated with a statistically significant reduction in the
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proportion who had binged in the two weeks before assessment (OR 0.36, 95% CI 0.29-
0.45, P<0.001). We then applied the MAR assumption. Weighted GEE analysis and a
multiple imputation with 100 iterations both showed statistically significant estimates
similar to those from the MCAR model, with ORs (95%CI) of 0.38 (0.29-0.51) and 0.40
(0.31-0.50), respectively. Next, we investigated three distinct scenarios. First, we
evaluated two extreme conditions: 1) that all the participants lost to follow-up had
binged (the worst case scenario, OR=0.68, 95%CI: 0.55-0.83); and 2) that none of those
lost to follow-up had done so (the best case scenario, OR=0.30, 95%CI: 0.23-0.37).

It can be seen that the worst case scenario provides a rather different estimate from the
unweighted model. While this supports the need to dealing with missing outcome data,
it is based on a rather unrealistic condition. The last observation carried forward
(LOCF) method provides a less extreme assumption, which we think is more plausible,
namely that the response remains constant at the last observed value (which is the
baseline assessment). The relevant unweighted model gave an OR (95%CIl) of 0.45
(0.37-0.55). Of all the models, this method provides the most appropriate and
statistically meaningful estimate of the impact of the eHealth app, as it takes
(reasonable) account of missing data. However, it allowed for the possibility that people
who binge drink are more likely to drop out in order to avoid disclosing this condition:
those lost to follow-up showed higher baseline rates, albeit not statistically significantly
(see Table 2). Finally, multivariable models implemented under the different
assumptions did not show clinically meaningful differences from their univariate

counterparts, thus encouraging confidence in the estimates provided (Table 3).

Table 3. Binge drinking at two weeks follow-up

Assumption GEE Method | OR (95% CI) Robust SE P
MCAR (Complete data) Unweighted 828 852004405;)* 8g3 <0.001
. 0.38 (0.29-0.51) 0.05 <0.001
VAR Weighted | ) 31 (0.22.0.44)" | 0.05
MI (N=100) 0.40 (0.31-0.50) 0.05 <0.001
B 0.33 (0.25-0.44)" 0.05
MNAR
Missing as bingers Unweighted 822 Eggi’gggg* 88; <0.001
Missing as abstinent Unweighted 822 Egigggg* 882 <0.001
LOCF
(Last observation carried Unweighted 82’3 Eggzgigg 883 <0.001
forward) ' ' ' '

*Adjusted for: Age, gender, cannabis use, peers binge drinking, parental alcohol misuse, alcohol expectancies, self-
assessed religiosity, volunteering, weekly pocket money, impulsivity, interest for discos and parties, smoking cigarettes
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In sum, at follow-up participants were significantly less likely to relapse than they were
before D-ARIANNA self-administration, and missing data do not seem influencing these
findings. Table 4 shows the full model, including a significant interaction between gender

and impulsivity score.

Table 4. Influence of risk factors on past two weeks binge drinking: GEE regression model

Variables OR (95% CI) Robust SE P
Time effect 0.39 (0.31-0.49) 0.04 <0.001
Age 1.11 (1.01-1.23) 0.06 0.035
Female gender 3.38 (1.38-8.30) 1.55 0.008
Smoking cigarettes 1.18 (0.81-1.71) 0.22 0.395
Cannabis use 1.56 (1.07-2.29) 0.30 0.021
Peers binge drinking 2.29 (1.23-4.30) 0.73 0.009
Parental alcohol misuse 1.65 (1.03-2.65) 0.40 0.039
Positive alcohol expectancies 1.12 (1.07-1.18) 0.03 <0.001
Impulsivity (SURPs scale) 1.19 (1.06-1.33) 0.07 0.004
Female gender x Impulsivity 0.83 (0.71-0.97) 0.06 0.019
Interest for discos and parties 1.29 (0.92-1.81) 0.22 0.142
Weekly pocket money (ref. <20)

21-50 euros 1.59 (1.01-2.51) 0.37 0.045
51-100 euros 2.43 (1.41-4.19) 0.67 0.001
>100 euros 2.63 (1.24-5.59) 1.01 0.012
Self-assessed religiosity 0.69 (0.48-0.99) 0.13 0.045
Volunteering 1.81 (1.26-2.61) 0.34 0.001

Last observation carried forward method was used

D-ARIANNA tool Model performance results

Five hundred and seven subjects were assessed at baseline and follow-up. Among those
subjects who completed follow-up assessment, 126 reported a high (25%), 72 (14%) a
moderate-high, 71 (14%) a moderate and 238 (47%) a low risk of BD. In addition, 90
(18%) subjects experienced at least one BD episode in the two weeks before follow-up
assessment, of whom a considerable number of subjects (40%) did multiple times. The
majority of subjects with at least a BD episode during the follow-up period had
previously (baseline assessment) been considered at high (41%) or moderate-high risk
(24%). The distribution in percentages of study participants’ risk levels by the
occurrence of binge drinking is shown in Figure 4. Furthermore, analysis of ROC
curves (Figure 5) revealed a probability that randomly selected member of high BD risk
score would have a larger classifier value than a randomly selected member of low risk
group of 0.69 (0.63-0.75) with a cut-off value of 51% for D-ARIANNA overall score

(sensitivity 76% and specificity 59%). According to selected cut-off, young people were
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to get a positive or negative test (overall score showing a moderate/high risk of BD) if
they have BD condition (BD episode in the past two weeks), compared with a person
without that condition with positive likelihood (LR+) ratio of 1.84 and a negative
likelihood ratio (LR-) of 0.41, respectively. Even though the tool appeared not reaching
a good threshold of accuracy showing a minimal increase in the likelihood of BD, a
more discriminatory ability was found regarding reported moderate-high and high risk
level for BD (overall score cut-off = 62%) with LR+ 1.96 and LR- 0.51. However,
because of paucity of appropriate data in scientific literature (see Final Model
paragraph) the model took into account only a restricted set of factors influencing BD
current risk, not accounting for a considerable portion of variability and interactions,

thus considering the need of further research on excluded factors.

Figure 4. Distribution of participants’ risk levels by the occurrence of binge drinking (BD)
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Figure 5. ROC curve analysis
D-ARIANNA score and binge drinking current risk
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DISCUSSION

Main findings

We could collect data from a large sample of subjects aged between 18 and 24 years
with gender balance, including high school and university students but also young
people not attending any course. Socio-demographic features of participants of our
study characterized a sample of young people with apparently not problematic
backgrounds, and a high community culture, despite of sampling strategy taking into
account different deprivation-level areas of urban locations. Indeed, young people in our
sample were more likely to live with parents, to get on well with them, with on average
also a good academic performance and involvement in sports at different levels.
Interestingly, despite the average positive background, the majority of them started
drinking at age 17 or younger, and many of them smoked regularly cigarettes or have
used cannabis in the past 30 days. As a result, an association between substance use and
recent BD was found.

Findings from our proof-of concept study suggested a short-term beneficial impact of an
eHealth tool for excessive alcohol consumption in young people, although needing a
confirmatory trial (Thorpe et al., 2009). In this study, we showed that at follow-up, after
D-ARIANNA self-administration, young people reported a reduction in BD in the
preceding 2-week period (37% at baseline vs. 18% at follow-up). In addition, an
appropriate model in handling of missing data, confirmed a significant diminution in
rates over time. This preliminary evidence for a positive impact of the eHealth app was
corroborated by the role of risk and protective factors in multivariable analyses, though
we could not include in the risk estimation model some relevant domains, due to
insufficient data or too sensitive topics. Moreover, levels of acceptance of the app and
participation were very satisfactory with an increased knowledge and awareness in term
of perception of risky behaviour after D-ARIANNA administration (Carra et al., 2015).
Our findings advocate the novelty value of an eHealth tool in dealing with alcohol
consumption among young people. Actually, young people were approached in a
natural setting, where real life situations and environments deeply condition their
decision-making mechanisms and expectancies. Real life scenarios take account of the
definition of alcohol environments, often crowded and with loud music, where young

people meet up with each other, such as pubs, on-premises alcohol outlets and live
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music events, where they can find a permissive environment and cheap alcohol
availability. Alcohol use is considered a help to transform boring periods into enjoyable
occasions (Warwick et al., 2009). Reported high scores of both alcohol expectancies and
impulsivity of study participants who recently engaged in BD as compared with non-
binge drinkers fall within these considerations, due to the representation of domains
such as social confidence, tension reduction, little awareness of negative consequences,
and thoughtless involvement in situations. Furthermore, according to previous evidence,
it was unusual for young people not to consume alcohol at all, rarely reporting any
difficulties in accessing alcoholic drinks (Atkinson et al., 2011). It is perhaps useful to
note that several young people show a degree of creativity with regard to finding
sufficient money to pay for alcohol and, if under age, finding ways to purchase it.
Indeed, young people indicate that a life without alcohol would be undesirable, and they
often talk about the considerable amounts of alcohol they drink as “amazing”, rather
than view the actual amount consumed as problematic (Warwick et al., 2009). In the
Warwick et al. (2009) study, some participants suggested that if there were no alcohol
around, this might result in other potentially risky practices related to other recreational
drugs or to sexual activity. In addition, although violent or unwanted sexual incidents
were considered somehow seriously, several alcohol negative consequences (e.g.,
encounters with the police, losing one’s way home, vomiting in inappropriate places,
hangovers and not remembering much about an evening in which alcohol was
consumed) were often considered humorously (Warwick et al., 2009).

On the other hand, young people often consider challenging environments according to
relationships they can establish (e.g., having friends nearby) (Warwick et al., 2009). Our
study results confirmed the strong relationship between alcohol environment nature and
perceived peers influence, along with family drinking habits. Peer influence was found
as one of the most common factors that mostly contribute to the overall risk score,
consistently with previous evidence. In previous research, peer influence has emerged
as one of the most powerful predictors of the early initiation and maintenance of
drinking in the transition from high school to college (Reifman and Watson, 2003;
Wood et al., 2001; Baer et al., 1995). In addition, quality of peers’ relationships
enhances the influence of social reinforcement, modifying cognitive processes on
personal alcohol use via three pathways: the lack or breakdown of quality peer
relationships, alcohol use being an integral part of peer interactions, and if peers
disapprove of alcohol use or do not drink (Borsari and Carey, 2006).
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Strengths and Limitations

D-ARIANNA is, to the best of our knowledge, the first evidence-based eHealth app for
young people, specifically evaluating risk for BD, relying exclusively on personalized
risk communication for informed decision-making rather than on common technological
means such as GPS to identify high-risk locations (Gustafson et al., 2014). Smartphone-
and computer-based applications are available for alcohol use disorders, and
effectiveness in the continuing care of patients has been reported (Gustafson et al.,
2014; Klein et al., 2012). Previous studies relied on Web-based, feedback by e-mail and
text-messaging approaches (Haug et al., 2013; Kypri et al, 2014; McCambridge et al.,
2013) and they depicted behavioural (Tanner-Smith and Lipsey, 2015) and universal
school-based prevention programs (Foxcroft and Tsertsvadze, 2011) with limited
evidence in reducing BD, though their impact remains a cause for concern.

The involvement of a non-clinical population in real life settings, catching non-seeking
treatment young people, and gathering relevant information from them represented an
important challenge in the conception of this study. Appealing approaches were needed.
Thus, eHealth seemed the most appropriate way in order to convey of information in an
engaging manner, improving perceived privacy and anonymity, copying with
stigmatization and embarrassment issues. Recent research in the UK (Cox et al., 2006),
described young people rarely engaged in open communication with parents and health
professionals about alcohol, though open communication, together with negotiation
among family members allows alcohol use in a safe and supervised way. Finally,
eHealth approach used for D-ARIANNA project took advantage of young people
propensity to, and expertise with, electronic devices (i.e., smartphones applications).
However, this proof-of-concept study has several limitations mainly due to the lack of a
control group and to the extremely short duration of the follow-up, both making
difficult to establish whether the use of this eHealth app can change the attitude to BD
in the target population. The difficulty of implementing a controlled study in the chosen
natural setting led us to opt for a quasi-experimental, pre-/post-test design. This
limitation is not unusual in e-Health interventions (Harris et al., 2006). Indeed, we used
a convenience sample, though identifying every subject belonging to the target
population would help randomize recruiting. Potential alternatives would include the
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creation of another cohort where researchers simply assess BD before and after without
an eHealth app or comparing outcome from young people using the e-Health app to a
drinking diary completed by participants. However, assessment of alcohol and
substance use through an interview not embedded in an eHealth app might not be
adequately appealing for the target population, thus resulting in high risk of selection
bias. Furthermore, our study was open to the methodological weaknesses of eHealth
research, detecting subtle effects on behaviour with problematic attrition of participants
not engaged in clinical settings (Cunningham and Kypri, 2011). Furthermore,
limitations of this study are also related to considered self-report measure for BD and
occurrence of recall bias when asking young people number of previous two-week BD
episodes.

Although we are aware that the lack of a control group is a serious limitation, which
cannot be overcome in any way, we chose a more pragmatic evaluation that at least
minimizes interference by research artefacts stemming from intervention study
participation. We maximized the external validity of the findings by using a large
sample, more epidemiologically representative than special groups from specific
settings such as school and college students. Our follow-up participation rates were
good, and we addressed the potential for selection biases through our exhaustive
methods of analysing the impact of missing outcome data.

However, it remains difficult to confirm an association between the change in outcome
behaviour and the intervention in this study, not to mention that recruiting at pubs and
clubs perhaps implied a peak point of BD, making possible a regression to the mean
phenomenon. We cannot even exclude that participants engaged in a particularly heavy
drinking session on the day of recruitment might have been especially likely to not
drink over the next 2 weeks because of BD consequences.

In addition, we cannot rule out a Hawthorne observer effect, considering that
participants knew their behaviour was being tracked. We attempted to reduce this effect,
involving peer facilitators instead of standard researchers and health professionals.
Furthermore, we evaluated the persistence of BD using a 2-week follow-up, certainly a
short-term outcome, not to consider that, although using the same exact wording
previously used, baseline and follow-up questions were asked in different settings using
different modes. Although consistent, in terms of dose—response relationship, with the
impact of a one-shot eHealth app, this effect may decline over time, indicating a
probable need for regular boosting.
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Despite performed complex statistical analyses, these cannot overcome main limitations
described and the proof-of-concept nature of our study. There is thus a requirement for
an adequately powered randomized clinical trial, preferably based not on self-report, but
on urine testing, to confirm our results and to ascertain whether the use of this app is of
any benefit in the prevention of BD. Such a trial will establish the efficacy of the app
using regular feedback and repeated administrations, possibly with motivational
components such as gamification (McCallum, 2012). Those factors and processes could

be enhanced in order to operate at the individual and community levels.

Implications

We could produce an evidence-based eHealth app for young people (D-ARIANNA),
evaluating current risk for BD. The D-ARIANNA model includes several risk factors
for BD and recognized protective factors. All are to some degree, modifiable,
manageable conditions. It could be argued that provided information can improve
decision-making mechanisms in young people who binge drink, supporting behavioural
changes, thus improving relevant prevention strategies (Goudriaan et al., 2007).
Attractive for young people, D-ARIANNA may be useful to enhance awareness of this
risky behaviour. Working with difficult to engage young people experiencing alcohol-
related harm may be less difficult using eHealth tools that fit their lifestyles. Also
substance use professionals and families could use this novel instrument as a first
approach for adolescents and young adults about their alcohol-related behaviours, even
before they get involved in dangerous use. Our eHealth app shares the characteristics of
usability, utility, and appeal typical of such applications (Liu et al., 2011), and it should
in principle be capable of wide dissemination, reaching large numbers of young people.
Of course, we need to consider the use of this eHealth app also in terms of ecologic
validity. This would imply different approaches according to chosen dissemination
strategies. Clinicians could actually prescribe this app to high-risk youth, taking
advantage of risk levels categorization (low, moderate, moderate-high, and high risk),
although the integration of this component in standard treatment programs needs to be
considered. Alternatively, viral advertising also using existing social networking
services could motivate youth, self-selecting to use this eHealth app. This could benefit
from gamification to make the eHealth app more fun and motivational. In addition,
existing features such as Breathalyzer can be incorporated in the eHealth app making

this more appealing for young people rather than a simple screening approach.
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CONCLUSIONS AND FUTURE RESEARCH

In sum, we observed that after D-ARIANNA use young people self-awareness increased
and perception of risk for BD behaviour was grasped. The development of an eHealth
tool, such as D-ARIANNA, focused on personal communication and BD risk
awareness, also influences responsible drinking, and could be tested in an
environmental-based community intervention (Holder et al, 2000; Treno et al, 2007;
Hingson et al, 2005).

The novelty of the risk estimation design in the D-ARIANNA project was greater than
the feasibility component. Indeed, it appears a more advanced study is pending, which
could provide more power for definitive outcome results (e.g., adequately powered
randomized clinical trial with gamified version of D-ARIANNA). Thus, our preliminary
findings enable further studies on BD among young people and its correlates, promoting

the translation of research results into effective prevention strategies.
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Appendix 1

D-ARIANNA (Digital - Alcohol RIsk Alertness Notifying Network
for Adolescents and young adults)

Questionnaire BJARIANNA
Ql- You are Digital-Alcohol Risk Alertness
a. Male b, Female Notifying Network for Adolescents

2 =" [fondazione

Q2. How old are you @i cariplo

a.16 b.17 ¢ 18 d.19 e 20 f 21 g.22 h.23 i.24
Q3. What's your favorite thing to do on night out?

< DEGLI STUD!

TA

a. Cinema b. Clubs, parties c. Pub d. Other é %
Q4. Do you spend time volunteering? BIcocch

a. No b. Yes
Q5. Do you study?

a. No b. Yes, in high school c. Yes, in college/university
Q6. What's your grade point average?

a. | don't study anymore b. E-F c.D d.C

e.B f.A

Q7. Do you smoke?

a. No b. Yes
Q8. Have you used cannabis in the past 30 days?

a. No b. Yes
Q9. How many of your friends drink too much?

a. Only a few b. Most of them

Q10. In the last two weeks, have you ever had 4 (or 5)* drinks in a row?
*5 if male; 4 if female
a. No b. Yes

Q11. Had you ever drunk more than a few sips of alcohol before you were 17?
a. No b. Yes

Q12. Does anyone in your family drink too much?
a. No b. Yes

Answer according to how much you agree or disagree

Q13. Would you say about yourself: "I often don't think things through before |
speak."
a. Disagree strongly b. Disagree somewhat c. Agree somewhat d. Agree strongly

Q14. Would you say about yourself: "I often involve myself in situations that | later
regret being involved in."”
a. Disagree strongly b. Disagree somewhat c. Agree somewhat d. Agree strongly
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Q15. Would you say about yourself: "I usually act without stopping to think."

a. Disagree strongly b. Disagree somewhat

c. Agree somewhat

d. Agree strongly

Q16. Would you say about yourself: "Generally, | am an impulsive person.”

a. Disagree strongly b. Disagree somewhat

c. Agree somewhat

d. Agree strongly
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