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Abstract

Our unigue multidisciplinary project design aims to identify the determinants of risky substance use and
risky gambling behaviours and charactettise relationships betweethesedeterminants. A such we have

dza SR 2dzNJ SELISNI LI yStQa (y2¢6ftSR3IS 2F G(KS YlIyeé RAA
factors important to this stage of us@hrough consensus expert opinion we have derived models detailing

the numerous determinants wbh contribute to the risky use of different substances and risky gambling
behaviours, from the molecular and cellular through the individual to the social and environmental levels of
analysis. Additionally, we have outlined key themes within which thegsermiénants may be grouped, such

Fad W{20AlIf O2yUGNRf QX W[ A THe so0dl &kirdnvhanial 1ay€) ithi@ thd nyoRel W5 N
demonstrated the greatest number of themes, which testifies to the greater nuanced understanding of risky
behaviairs of such disciplines as anthropology and socioldpgse themesnay aid in the understanding

and targetng ofpolicy intervention around this key stage of uSée have produced complimentary models
specifying the contribution of each of the disciplines to the determinants within the models, demonstrating
the lack of disciplinary research overlap and highlighting key topics which may prove as stepping off points
for future multidisciplinary research within the fields our models are broken down according to substance

it is evident that the number of identified determinants of risky use of illegal substances is far less than that
for those of the legal substanceexhibiting an increased need for research inie of this category of
substancesAcross all the models for risky substance use and risky gambling there are very few common
determinants, causing us to questiothe current trend for groupingall addictive behaviours as one.
Furthermore, within this report we have included the calculated transition probabilities for the transitions
between states of no use, risky use, harmful use and cessationdl® and femal@lcohol usen individuals

with and withoutpsychological comorbidity, between the ages3@tyears. These results demonstrate that
harmful alcohol use decreases with age, yet risky use maintains and in some cases increases, supporting the

need for an increased focus on this stage of use.
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1.INTRODUCTION

This is theifst of three reports outlining thelevelopment of a series of moddlsat map the determinants

of different stages of addictive behaviourhese reports run in parallel to thgynthesis reportof the
multidisciplinary group o¥Work Area 3of ALICERAP. Work Aee3 (WA3) examinegvidence surrounding

the determinants ofdifferent stages of addictigrderived from experteviews ofthe prevaling literature

within a range of scientificdisciplines. The disciplines that have contributed to this project are;
anthropology, economics, genetics, neurobiology, public policy, psychology and sociology, with further input
from expertson marketing, rgtory, youthstudies,crossEuropean perspectiveand, finally, gambling as a

behaviounl addiction

The project examinesthree stages of theaddictionprocess;l) the transition from use ono use torisky
substance use and gamblir),the transition from risky use tbarmful substance use and gambljmand 3)
reductiors in harmful substance use and gamblinipis report focuses on theevelopment of models
concerned with thdirst stage transition fromnoneuseor useto risky use of ghstances and gamblinghe
aim of the modelpresentedhere is to demonstrate topologicallythe available evidence concernirtge
determinants ofrisky substance use and gamblirdse of alcohol, tobacco and illicit drugs are included,
along with gambling as a representation of behavioural addictidine modelsare intended for use by
policy makers and researchers within the addiction fibloth to guide policy decisions and highligireas
for future research By bringing together researéh a visual formafrom the wide range of disciplines that
inform addiction studieswe have been able tadentify knowledge gaps whereesearchis needed to
improve ourcurrent understanding and llow for the developmentof new multdisciplinary theories on

substance use and gambling.

1.1 Model and Transition Probabilities Aims and Approach

1.1.1Model

The companion synthesis repdrttegrated current expert opinion froma range of disciplineghat inform

addiction studiegLees etal. 20125 A 8 ONB UGS RSUOSNX Ayl yia 6KAOK AYyTFf dzS
use to risky use of substances or gambling were identified across the breadth of disciplines which input into
ALCE RAP and these are discussed further within the synthesis rdjpartaim othe work reported here

was toprovide avisual representatiorof the factorsthat influencecomplexbehaviourssuchas substance

use and gambling-urthermore, wewishedto expbre how evidence frormultiple disciplineswhich differ

5



pUsEST,
oM s,

ra %,
i et
£

" o
e Apacrns ™

in their scientific approaghmay be brought together into an accessible visual forrit&e initial inspiration
for our woik was that of the Foresightl@sity Systems Mp (Foresight, 200)f and it was our intention to
construct a map of addiction in a similar mann@re endeavoured to includéey criteria within our logic
model, in order to produce a modef usefor both policy makers and addiction researchdre citeria we
aimed to intude were:

1 cleardisplayof the different determinants identified across all disciplines

1 demonstration ofthe relationships and dynamics between the different determinants

9 inclusion ofdeterminants with vengdifferent levels of abstraction

9 clear displayf previous multidisciplinary research

9 highlighting determinants researched by multiple disciplines for possible futurkidisaiplinary

collaborations.

Through mapping our worke are able tahighlight knowledge gapand potentially important interactbns

where multidisciplinary research may further our understandifgus, hrough the use of these models new
interactions, relationships and theories may be postulated and researched. These models are intended for
use by addiction researchers to aid iretbrocess of hypothesis and theory development arouslyuse of
addictive products. We also envisage policy makers engaging with these nodatslitate better design

and targeting ofuture policy responses.

Following a brief conceptualisation ofuio understanding of riskthis report describes the process of
development of the model including challenges in the presentatbrdata the level of abstractionof
certaindeterminantsandthe availability of evidenceSubsequently, we presetihie model and describe key
findings such as determinants that vary fybstanceand those found in multiple disciplines. Finally, we

discuss the limitations of our approach and implications for research and policy.

1.12 Transition probabilitiesfor alcohol
As a companion tohis reportthe probabilities of transitioning from onef the stages above to anothéave

been calculatednd are presented by Rehm and Prol2013.

The literaturebased approachaken within the synthesis reports permitbe investgation of as many
factors as desiredHowever a problem with the listing of influential factors within reporis that the
interaction ofsuchfactors is not cleanyith different factors listed in different papers, arnhus the relative
importance of the different factorgs open tosubjective judgment. Moreover, even if systematic reviews are
carried outand data quantitatively summarized in mednalyses(e.g. Stroup et al 2000), the numerical

values given for different epidemiologic indicators are often inconsistent; incidence derivedfremeta-
6
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analyss may be inconsistent with prevalenestimatesderived from another metanalysis, or with the
known case fatality or wration rates The only remedy against this is joint analysasd thus all these
epidemiological indicators have to be analgsby substance to examine if they are consistently or
inconsistently estimated.Various efforts to model epidemiological parareethave beerundertaken with
most resultingin the development of software to consistently estimate key parameters of incidence,
prevalence, duration, remission, and cdagality in light of general population developments
(http://winthrop.ihme.washingtan.edu/; see also Mathers et &002; Barendregt et aR003) Such modern
modelling approaches are not possible for man§ the factors considered hereinas all the interactions
between factors have to be integrated. Consistency requinas the number ofincludedfactors be limied,

with concentration upon those factornsiderednost important

The structure obur workschedules a successive analysis of each transition across all substances as well as
gambling. Nevertheless, working with one dataset it is more beneficial to calculate and model transitions
substance by substance. It might make sense theoretically to mib@edevelopment of substance use
disorders as a linear process that starts with use, progresses to risky use and ends with the substance use
disorder, followed by cessation tiie development of chronic problematic behaviottowever empirically

this linear process is not the only progression we observe, for example some people progicdyg from

use to substance use disordesilst others may skip risky use and move straight from use to harmful use

To statistically map realityequires the integrdbn of those people that do not coofm 100% to our
theoretical model. Therefore wealculatenot only the probability for one transition (use to risky use) but

for all possible transitions (use to abstinence/use/risky use/harmful udelelling in thismanner means

that it is both more useful and more practicel work substance by substance insteaf transition by

transition.

This report presents arfit attempt to model transition probabilities fahe transition betweendifferent

stages ofalcoholuse. As described above these of themodelling approach requireghe analysis ot
discreteset of factors Across multiple studies there are a few basic characteristics that have been shown to
influence alcohol use in different stages of use. Age andigiehave consistently been shown to be related

to almost all stages of alcohol consumption. First of all, there still is a gender gap in alcohol consumption
with men consuming more alcohol than wom@World Health Organization, 201I)his gender gap is to a
largeextentinfluenced by social factors and life events. Risky patterns of alcohpsuskas bingedrinking

have been shown to be related to gender as well as @fdsnack et al. 2000; Kuntsche et a004)
Furthermore, age and gender differences in the prevalerfadamhol use disorders have been sho(lRehm

et al. 2009; Whiteford et ak013) Other studies show gender and age differences in the course of alcohol

use disordergKeyes et al2010)as well asn remission/cessatiorfDawson et al. 2005; Bravo et aD13)
7
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However, concerning age there has been a debate if ihésactual age that influences substance use
behaviouror if it is rather the years since first use. These two aspects are hard to separate, as the long

history of discussion in the different fieddf ageperiod-cohort studies shows.

Another factor knownto influence substance usbehaviouris comorbidity,in particular psychological
disorders Comorbidity has been shown to impact alcohol behaviourin a negative wayRegier et al.

1990) Compared to age and gendeomorbidity shows much more complex relations to substance use and
substance use disorders: the effects differ by mental disease categories (e.g. internalizing vs. externalizing;
distress vs. fear), substance of interest (alcohol, nicotine, illicit detey¥ and stage of substance use (use,
risky use, harmful us€Regier et al. 1990; Swendsen et2010) Instead of looking at comorbidity as a risk
factor preceding substance usehaviour we could also look at lifetime comorbidity as a gross marker for

vulnerability, which could be genetic or based on a certain engient or from an interaction of both.

Within this report on the determinants of risky use we aimdescribe the course of alcohol consumption

over timeandto estimatethe probabilitiesof transitionfrom one stageof alcohol usdo another. We will

initially establish a simple model of use aedt the feasibility ofmodelling usingonly four factors: 1) stage

of use (four categories: abstinence, use, risky use, harmful use) as an outcome variable, which of course in a
final general population model wibd have to be supplemented by death, especially given the high relative
risk of harmful use compared with the general populat{®oerecke and Rehm, 201and three influencing

factors: 2) age, 3) sex and do-morbidity. Even thoughconceptually simplethis modelwill be more
complicated than tat which is currently used most oftén epidemiologicaimodelling where only sex and

ageare controlled, and only two categories of outcornensidered(abstinenceuse disorders; Whiteford et

al. 2013) Given this framework, wavill attempt to estimate the transition probabilities between the

different categories of outcomevhich will allow us to track the course of a pdgiion over time.

1.3 Definition of risky substance use and risky gambling

Risk isnot a straightforward conceplit can be inherent ta particularbehaviour or may be attributable to
social reactions to the behaviout.is a relative concept with nbxed, quantitative thresholdthat experts

agree can be used to distinguish risky from-figle behaviourRisky behaviour can be categorised into short
term and long term risk. Short term risk, such as ddniking or the use of unsterilized needles fojecting
practice, is limited in duration with risk levels returning to baseline following the event. Howewmgiterm

risks, such as persistent cannabis use or drinking whilst pregnant, extend beyond the initial use of the drug
with risk of harm typially accumulatingver the duration of drug useFor an individual, sint-term risks

may be observedduring a particular act, whereas lotgrm risks often rely on individuadnd societal
8
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knowledgearound risk. Both short and long term risks can pose hawonthe individual, society, or both.
Harms to society may be to individuals (e.g. through theft to fund drug purchases) or to sudetye (e.qg.
through costs tgublic servicesuch as the criminal justice or healthcare systerfs) the purposes ofis

report the research team agreed the following definitiohrisky behaviour:

OAll expressions of substance use and gambling, in terms of quantity, frequency, pattern and
situational circumstances (e.g. location, time) which are material predioters for short or

long-term individual harm, or harm to others including society at large

2 AGKAY GKS 1020S RSTAYAGAZ2YS (GKS GSNXY WYFOGSNRIFE I
judged to be of sufficient magnitude to be considérelevantby the research tearand it should be noted

that this may vary across disciplines.

1.3.1Why do we engage in risky behaviours?
An understanding of why humans engage with risky activities and how societies make decisions in response

to this isrequired to frame our descriptions of determinants of risky substance use and risky gambling.

Although addictive substances and behaviours are typically discussed, particularly in policy debates, in terms
relating to their harmful aspects, clearly humangagement with them is not simply motivated by a desire
to harm ourselves. Instead, these substances and behavgrnve several purposes for individuadlsat
should not beoverlookedin the development of policy and practice to reduce risky.Us& exanple,
psychoactive substancédgpicallyincrease sensations of pleasure, sedation, pain relief or alertness, through
altering the delicate balance of chemical messengers irdtinl Aeyir@nal circuit{Di Chiara and Imperato,
1988) Additionally,the social values attached to engaging in sbetaviours often encourage useyrf
example, alcoholic drinkare assigned strong cultural meanings and valuesuding signifyingellowship

and otherritual meanings when toasting, taking Holy Communion or celebrating sporting vi¢togm,
1974; Room, 1976;Room, 2001;Skog, 1985)Equally sharing a cannabis joint is both an intoxicating
experience and a social ritudilow, when, where, how much and how often engagement with addictive
substances and behavics occurs is likely to be determined by the complex interplay betwieth
individual and the societdhctors To focus exclusively on any one aspect of these domeiderplays the

inextricably intertwired natureof individuals and societies

1.3.2Types of risk
Substance use and gambling have been documented extensively by epidemiologists as posing risks to the

health of the individual(NIDA, 2013) The adverse effects of smoking and drinking alcohol have been
9
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publicised widely througipublic health campaignswith legislation and low risk guidelines implemented to
inform the public andnfluence behaviour (e.glrink-driving limits,minimum purchase age$NHMRC, 2009;
Room 2004a;Room, 2004h)Whilstthere is less evidence describitige health impac$ of consumption of
mostillicit substances, theverallhealthimplicationsinvolved in taking such substances #aegelybelieved

to be negative and, despite some exceptions, agenerally regarded as such der society However, the
concept of risk surrounding the engagement in such behavi@ira result ofmore than the inherent
properties of the substances themselvésgislation historicalprecedent andpopular culture surrounding

the use of illicit substances adddurther layer of associated riskise ofaddictive substancesan beheavily
moralised, resulhg in stigmatisationand marginaliation of usersfrom society. Furtbr, legislating against
such activities canreateextra risk through the imposition of punitive sanctions, the creation of problematic
illicit markets and the withholding of protective measuréRolles, 2010 These restrictions may vary
between societiepresenting sharp disconnects in what the risks of engagement in a particular behaviour
are in different contexts. For example, many Western cultures embrace drinking, but risks of censure are
high in Islamic states Similarly high provision of needle ekanges may greatly reduce risk of bleaain
infection in some contexts but be only sporadically available in otl@yasequentlyany risk to health from

a particular behaviour may be outweighed Bgcietatinduced risks emerging from cultural or policy

responsesto the behaviouiin question

Identification of risky behaviour is further complicated where consumptitay have potential beneficial
effects at lowedevels but potential harmful effects at higher levelsr example the apparent Jshaped
relationship between level of alcohol consumption and risksohaemideart diseas€Roerecke and Rehm,
2012) For other outcomes there may be threshold effects vehdasks only increase above certain levels

and, in other cases, risks may increase sharply beginning with minimal levels of use.

These multiple understandings of risk in terms of substance use and gambling present challenges in
identifying, categorisingand understanding interactions between determinantghich often operate at
numerous levels and describe different types of risk. Consequestitycturing a model aroundhe
determinantsof the transition to risky substance use and gambling, given theptoaty of interactions and

level of operationwas challenging. Howevan tackling this complexity wenay further our understanding

and highlight future effective strategies for both addiction research and policy interventions.

10
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2.METHODS

2.1 Definition of a determinant
The term determinantay be perceived as inferring that a factopigdictive ofbehaviour, yet many of the
disciplines involved in ALICE R&dhductresearchthat does not offer suchdirect extrapolative causal
factors.Thus, it has been important for the progress of our multidisciplinary work, to define what we, as the
ALCIE RAP WA3, mean by the term determinant. During a WA3 meeting the expert panel agreed upon the
following definiion:
OA factor which alone or in conmation acts to increase or decrease the likelihood of
whether something happens or not. That influence can operate directly or through other
factors. For this work package, determinants are used to describe the range of factors at the
molecular and cellar, individuaJ and social environmental levels which, alone or together,
increase the likelihood of risky use. To use the word determinant does not mean that we
believe that any of these factors or combination of factors are deterministic in a causal

mannrer.§

2.2Methods for extracing determinants from the discipline reviews

The model includes each of the determinamdentified from analysis of the individual discipline repocts

the transition from no use or use tdsky use of substances arghmbling. These determinants were
classified according to the substance to which they related, the age group to which they were applicable and
the levelof analysisat which they operated (cellular and molecular, individual or s@sidlenvironmental).
Fdlowing extraction of the determinants from the discipline reviews, an early version of the model was

circulatedto the research teanto ensure that nadeterminantshad been ommitted from the model

2.3 Process for the development of themodel

The inspiration for the generation of a model the determinants of differentransition stages in the use of
addictive substancewasderived from the Foresight model of obes{fyoresight 2007). The Foresight map
outlines the interaction of all of thedifferent factors at play in the development of obesity, with
contributions from social and individual psychology, physiologytapigs includingood productionand the
environment in which food is marketed, purchased and consuribdobesity systenmapis broken down
into a series oflerivative mapseach with a different focus such #e strength of evidenceandpathways

that are relevant to policy approachesg. tax on food, improving food literacy and penalising parents

11
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(Foresight, 2007\We sd out to mapthe determinants of addictionin a similar mannerhowever, arly in

the development of our model it became apparent thimto key limitations would restrict our ability to
replicate the obesity approachFirstly, there is limited overlap betweehe different addiction disciplinary
research fieldsvhich has resulted in a lack afailableevidenceto suggest relationships and interactions
between determinants Secondly, given thigenesl lackof multidisciplinarity, making judegements about
the relative influence of theleterminants from different disciplines was not possible. Given these challenges
we examined alternative approach tbe development of the modehformed by two questionsl) what
couldwe say with the evidence available to @s®) what techniques were available for visually displaying

this information we had collatet!

We developed and discusséalr alternative conceptualisations of the model, each of which facilitated the
process of model refinement, before settling arfinal approachThe challenges we encounterddring our
developmentof different visual approaches is outlihén Table land Figure 1 below. Subsequently, we
present the key learning that informed the final mod&he model that we present in Section 320).
illustrates our concensus on the optimal way of displaying current multidisciplinary evidence on the

determinants of risky substance use and gambling.

2.4 Barriers to the development of testable models

Our ambitionwas to use the evidence generated develop interdisciplinary testable models of addiction.
These testable models would illustrate evidenced and hypothesised relationships between different
determinants of addiction, providing a roadap for future addiction researchers. However, during the
collation of evidence from the disciplines around the determinants of the transition to risky substance use
and gambling, it became evident that developing such testable models would not be possible for two key

reasons.

Firstly, there was an absence ofi@ence. After consideration of the available research pertaining to harmful
substance use or gambling we concluded that there is a lack of evidence to support a comprehensive
mapping of hypothesised relationships between determinants. Given that lackppbsing evidence, we

felt that illustrating these relationships in the model may mislead researchers and policymakers regarding

the importance of different determinants and the relationships between them.

Secondly, the diversity of disciplinary approaches to generating evidence around the factors influencing the
transition to harmful substance use and gambling has hampered the process of drawing together evidence

from across the disciplines. The determimardisplayed in Figures-@ span a wide range of levels of
12
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abstraction, from broad constructs such as institutions of social control to narrowly defined concepts such as
features of neurocircuitry. To develop coherent testable models that incorporate suetiamentally
different constructs requires the development and nurturing of multidisciplinary relationships that will
enable scientificdebate around the intricacies of such relationships. Whilst we have initiated such
connections over the duration of thiproject, to produce models with greater interactions beten
determinants and whicleonsider the range of research methods and types of data the disciplines use would

require substantially more interaction between researchers.

Given these challenges, wave prioritised utility of the models and have focused on clarity and accessibility
for policy makers. At the same time, we have sought to capture and display the full complexity of
determinants contributed from all the research disciplines involved. mbdels that we present below do
illustrate some of the relationships between determinants by the level of analysis at which they have been
included in the model (e.g. molecular and cellular, individual or social environmental) and through the
themes underwhich they have been grouped. Such broad research themes can be used as a guide for
further research, highlighting areas for potential multidisciplinary collaboration which would enable to

develop more detailed testable models in the future.

13



& k.
B ccrer
A j

o, 0"
TN

Table 1modelvariations through the stages of development

Model

o Description Strengths Limitations
Variation

1 A network-like model created using CMAP lllustrate different levels odbstraction of Complexity hinderedeadng and created
software that mapped the determinants fror| determinants.. practical challenges for printing
different disciplines and showed the Easy to display links between determinaf  Lack of evidence for the relationships
relationships between determinants where Contains search function and cress between many determinantand feedback
evidence permied. referenceddata. loops.

Linkdeterminants toevidence
sourceshroughembeddedHTMUinks

2 A model that illustrates the different An alternative approach that could be Not well-integrated with experteviews
determinants that influence the transition to usefulfor policy makers targeting specific informing model development
risky substance use and gambling at differe age groups. Evidence is lacking around certain stages
stages of the life course (e.g. in utero, Further understanding of the determinan the lifecourse.
childhood, adolscens@nd adulthood). that are most important aeachage. Unclear whether to display data at life stag

where a determinant was causal or where
took effect

3 A model that illustrates through the use of Concettric circles illustrate different levels The size of the determinants could be
concentric circleand vertical/horizontal of research focus. confused with representing importance.
axesthe determinants, the number of Vertical horizontal axes add. Begins to illustrate which determinants
disciplines in whicthey appear whether an Size of the determinarih the modelused influence which subis y OS = 6 dzi
individual can effect the determinapand if to illustrate the number of disciplines make explicit to which addictions each
the determinant is substance specific. within which each determinant arose. determinant refers.

4 An earlier version of the final model that Clear illustratiorof multi versus single Multidisciplinary determinants represented

displayed the determinants in a hierarchy o
concentric circles, illustrating
multidisciplinarity through colour.

disciplinarity through use of colour.
Concentric circles illustratdifferent levels
of research focus

Could cluster determinants based on
theme.

using multiple coloursdbecomedifficult to
read.

Clustering based on theme cluttered due t
a lack of space within the concentric circle

14



Figure 1: llustration ofsome of theprevious models

Model Variation 1: the CMAP model

P S

Model Variation 2: the life course model

A lifecourse model

Gestation. Childhood Adolescence Young Adulthood Adulthood Older Adulthood
) R «— peerinfluence(Duci® — 5
(Fergusson etal. Goldman, 2012]
1994

Increased susceptibility to gambling Relatively even distribution of risk across socio-
advertisements (Griffiths, 2005 economic groups for problems from s certain level

Extreme economic
deprivation (Hawkins

and pattern of drinking [Hradilova Selin, 2005)
Drinking
etal 1992)
Exposureto cigarette advertising (NCI, 2008)
\ SF‘E‘:EF'E'“ Negative reinf - - Price and pregnancy: cizarettes
roveeho ;E:;;;ussan egstive reinforcement (Bthringer, 1858) (oo & A 20 s v
et
Social images and descriptive norms (Andrews etal. 2010) (Corman etal. 2004)
Neglect Lowlevel of constraint (Elkins etal. 2006)
——— (Frerzussonet ——» +—— co-morbidity ——————
ol 1993 Avalabiliy of online gambling without
money (Monaghan etal. 2008)
Lifeevents, e
Poorperformancein  Number offruitmachines [Abbot etal. 2004] et
primary school b
(Pulkkinen & Cuktural differences betweenlevelsand patterns of slcohol retirement
Pitkanen, 1994) consumption and indicators of harm Room, 2007)

Sexual abuse (Fergusson

Failure to obtain qualifications
&Horwood, 1997)

Reduced social
(Ferguson etal 2008) suppert
Social anxiety (Buckner et
Childhood disruptive al.2008)
disorders (Lesetal 2011)
Ineffective copingstylesin

adolescence (Shead etal. 2010)

Large gambling win early in gambling career (King etal. 2010)

Engsgementin antisocial behaviour

Model Variation 3: a concentric circle model

Variable + general
vulnerability

Variable +
addiction specific

Maria &
Charlotte
Version 2

Fixed + general

Fixed + addiction
vulnerability

specific
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2.5 Challenges and key learning that informed the final model

The problems that we have encountered in model development highlight the challenges of reducing
complex theories anatoncepts to discrete determinants, particularly when the process involves
multiple disciplines with diverse research transitions and approaches. Such variety in approach can

make it difficult to represent the nuances of all disciplines equally.

Given thatwe are attempting to appeal to multiple audiences with our model, questions around the
optimal presentation of data have been challenging to resolve. Policy makers may require a format
that facilitates rapid digestion of complex data, whilst addictioreegshers may prefer a testable
map detailing the full extent of current knowledge and outlining the evidence base for the
determinants and relationships visualiséthe process of developing, discussing the relative merits
of, and discarding th&ur earlier versions of the model outlinéd Table led to theidentification

of six key challenges:

9 Layoutg what is the most approprate way to visually display our data to fulfil the objectives of
the model?

9 Variation between substances/gamblimgwhat is the best way to illustrate that different
factors influence the transition to risky use for different substances/gambling?

9 Level of abstractiom not all disciplines describe discrete determinants as casdsn by the
variation in specificity of determinants identified (e.g. plastic glasses versus international
trade). How can we best visualise this within the model? Should we group determinants into
broader categories?

9 Clustering of determinants; where dderminants cannot beaggregated into a single
determinant, but share a theme, should we cluster them together? Or should we cluster
determinants into disciplinary groups?

1 Multidisciplinary evidence; how do we highlight determinants that are evidenced it a
number of disciplineand is this relevart

1 Linking to the evidence what is the best way to linknderlying evidence into our model?

The methods used to address these challenges and the solutions identified are described below.

2.5.1 Layout
Given the complexity of the determinants of the transition to risky substance use and gambling, we
presenttwo different versions of the model:

1) Theprimary model displays the range of determinants within eleven themes identified by

the WA3 panel of expertat a meeting in Manchester in December 2q8&ction 3.1, [26).

16
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These themes were determined by the group to be kieg themes, which are important for
the transition torisky substance use and gamblihigdividual determinants are listed within
each treme, with determinants that were reported by two or more discipline represented in
two or more themes, as relevant.

2) The second version of the meldpresents each determamt within an individual circle
(Section 3.3, @.3). Determinants are coloured either light blue or dark red. The light blue
colour indicates that just one discipline presented evidence on this determinant within their
expert review, whilst the d&rred colour represents that two or more disciplines presented
research on this determinant. This model therefore serves to highlight those determinants

where there is the potential for multidisciplinary research in the future.

In bothversiors of the mocel, we represent the three broad levels arfialysis at which thdifferent
disciplines operateas presentedin the accompanying synthesis report on determinants of risky
substance use and gambling (Lees et al. 2012). This servetohditiect the readerand allow easy

groupings of determinants containing similar theories.

2.5.2 Determinants that vary by substance/gambling

Early versions of the model sought to display all the determinants relating to every substance from
each discipline in one model. This approach resulteal imodel that wasery complex and difficult

to understand.Gven thatthe expertshad collated subsince gecific informationin the discipline
reviews, we wanted to reflect this learning within the modatditioanlly, i was appararent that
some determinants only influenced the transition to risky use dome behaviours and sbwas
reductionist toremove the evidence around specific behaviodisemodek that we present below
thus comprisea set of maps, with each map respresenting one of the following substances or
behaviours: alcohol, tobacco, cannabis, stimulants, opioids, club drugs and gamitin the
purposes of this report and the model presented herein our use of the term club drugs refers to
ecstasy, alkyl nitrates, GHB, ketamine and also includes studies which in themselvesaategbey

of club drugs. The final map identifies detenants that are influential @oss multiple substances

andgambling, to illustrate determinants that are nlo¢haviourspecific(Section 3.2, @0).

2.5.3 Level of abstraction
The different disciplinesepresented withirthis projectconductresearch at different levels of focus
and analysigangingfrom the societal to the molecular. éwitably therefore, the determinantsof

risky substance use and gamblithgat we have identified vary in the level of abstractitmwhich

17
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they refer, from the very specifite.g. ALDH2)o greater theories and construci®.g. lifecourse
normative behaviours and institutions of social cayr Further, different disciplines working at the
same level of analysimay also identify determinants thaliffer in the level of their alisaction as a

result of variations in their approach to research

The WA3 team discussed this issue of the le¥elbstraction and decided to theme determinants
(see Section 2.3.4 belowg facilitate the reader iunderstanding the modegiven the varying levels

of abstraction of the determinantsThus, within a broad theme such an environment of use, the
determinants include plastic glasses and sink estates, which vary greatly in their level of abstraction.

However, this was the best available solution without losing much of the complexity of the evidence.

2.5.4 Clustering of determinants

To allow readers tanteract with the modelsand quicklyinterpret results,key themes which were
representative of the identified determinants were selected by the expert pasaling identified

key themes, experts allocated all of the determinants across each of theediffeunbstance models

to the relevant theme domain, with determinants appearing in multiple domains where applicable.
During this process there was much discusion around the suitability of certain themes and flexibility

to modify themes where they did notaurately reflect individual determinants.

We clustered the identified determinants of risky substance use and gambling according to key
themes rather than according to discipline @swas perceived by the panel thahis would
encourageengagement from nosspeciaist audiences and policy makers. Usthgmes facilitates

the quickidentification ofkey messageom our workand may help totarget policy responsefor
different substance. Separating the determinants according to the elifint theme also aids
understandingof the different levels of abstraction included within the models and simplifies and

clarifies the model layout enabling readers to engage more easily with our work.

2.5.5 Multidisciplinary evidence

Identification ofthe determinants of risky substance use and gambling from each of the different
disciplines contributing to this work resulted in a number of determinants being cited by multiple
disciplines. These meeting points of the disciplines within the addictideh die not indicate that
multidisciplinary research ialready being carried out, rather that a number of disciplines have
carried out research upon this topiithin their separate disciplinary silodNe have developed a

separate more to highlighthese determinants(Section 3.3, @.3).
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2.5.6 Evidencing the model

All determinants within the model are derived frodiscipline specific reports contributed by the
discipline experts. These represetiie evidencebased literature resulting fronthe different
disciplines within the field of addiction studies, and are outlined within the companion synthesis
report (Lees et al. 2012)We have noincluded the citationdr each determinant within the model
because it was perceived that this would make the model too cluttered and difficult to read.
However, the evidence is presented within the D7.1 synthesis report and the references for the

evidence are included at the drof this report.

2.6 Model validation

The scientific disciplinglat contribute to ALICIRRAParise fromdifferent epistemologicatraditions,

which prioritise different forms ofevidence. This evidencedballenging to combine in work such as

this, and so opportunities to bring together discipline expdtisough teleconferences anthceto-

face meetings have been important. Such sessions enable us to identify issues and work together to

find solutions to emerging problems.

During the development athe final model, we engaged frequently with discipline expesperts

were consulted regarding whictleterminantswere included and excluded from the model at an
early stage. Early versions of the model were circulated to all discipline experts foreztmbhe
science writer subsequently held a teleconference with each of the disciplines to discuss the models
and gather feedback. This round of feedback was highly informative, stimulating discussion around
the advantages and limitations of different agpe of the models presented. In November 2013 the
Steering Group (Gerhard Buhringer, Anne LingfdughesPetra Meir,John Holmes, Lucy Gell, Jane
McLeod and Maria Neumann) met in the UK to discuss this feedback and share ideas on how to

further develop he model.

In addition to consultation withhe research groupnembers during the development stages of the
model, we presented a later version of the model to team members for validation at a meeting in
Manchester in December 2013 his meeting involvedexperts from the following disciplines:
sociology, anthropology, public policgrossEuropean studiespsychology, neurobiology, genetics
and gamblingAt the meeting the panel of disciplinary experts developed key themes for each of the

levels of analysis, and assigned each of the determinants to these themed domains twéhin
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models.Decisions based upon expert consensus opinisvere made as to whe#r determinants
should be included, excluddds they were represented more clearly by an alternative determinant

within the model3, renamed for clarificatiorand to which themed domain they should bssigned

Throughout the process of model developntetmerefore, there have been many discussions
betweenmembers of the ALCIE RAP WA3 team. fifloisess of progressing our work biyculating

ideas for discussion and then meeting to provide feedback has been very informative and has greatly
shaped the output of our work. In particular, where individuals felt strongly about how we should
present datain a different wayor target ourmodel differently for the audience, this triggered
challenging discussions between team members around how best to present the wealth of data we
have collated over the past two yearShese discussions have substantially influenced the final

models we preent in this report.

2.7 Calculation of transition probabilities

We initially identified a large dataset from one European member country, where transition
probabilities as described above could beodelled (criteria for selection: large sample size,
representativeness for general population, young adgarticipants as many of the transitions to
first use in Europe happen early in lfikuntscheet al. 2004; Pitkdnen et aR005) cohort design
with as many followup points as possible). Weave additionally attemptedo crossvalidate these
results with similar analyses in the National Epidemiologic Surveycohd\ and Related Conditions

(NESARC; Chen et2004)

2.7.1 EDSP: Dataset description

We used a German sample from a prospectimegitudinal study calledi K BarlydDevelopmental
Stages of Psychopathology StifyDS)Pas adatabase The study aimed to investigate and describe

the course of substance use and related disorders in youth and early adulthood. The design is
described in detail elsewher@Nittchen et al 1998; Lieb et al2000) The study consists of one
baseline assessent in 1995 (TO) and three folleups. Since the first followp comprised only a
subsample, we used the second and third foloprthat took place in 1998/1999 (T2) and 2003 to
2005 (T3), respectively.

In 1994 therandomizedsample was drawifrom the pgulation register of Munich and surrounding

areas. Age groups 1%, 1621, and 2224 were sampled in a ratio 4:2:1. 71% bé#,263 persons
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initially drawn completed the assessment. The resulting sample consists of 3,021 persons (49.3%
women and 50.7% nmg with German citizenship that were 14 to 24 years of age at baseline. Of this
baseline sample 36.2% went to school and 26.4% went to university. Another 19.7%adtadta

that point of time and 11% were unemployedLieb et al2000) The majority of the sampleere

still living with their parents (62.4%) and only a few were married (3.4%). The large majority of
participants were part othe middle or upper socioeconomic strata (87.4%). This conforms with
sociodemographic features of the regighieb et al2000) Response rates of T2 and T3 &é6 and

73% of baseline participants, respectivélehrendt et al 2008) At T2 only 12.8% were still
attending school and 36.2% were employed. Teportion of persons living with their parents

decreasedo 40.2% whilst7.8% were marriedLieb et al2000)

Data were assessed using different questionnaires as well as the Cordsisted Personal
Interview version of the MuniclComposite Iternational Diagnostic IntervieWM-CIDI; Witchen

and Pfister, 1997)Validity and reliability of the MCIDI have been investigated and shown to be
satisfactory (Lachner et al1998; Reed et al1998) The MCIDI assesses information about
symptoms, syndromes and diagnosis of 48 dififeé mental disorders, as well as information on their
onset, duration, and severity in a fully standardized manner. Both, lifetime andabgh related
guestions wereasked The interview section assessing information on alcohol use and alcohol use
disorcers was only accomplished when the participant reported at least 13 drinking occasions in the
past year. Information on quantity and frequency of present alcohol consumption, age of onset and

offset were assessed, followed by questions concerning abusdepehdence.

In most cases the interview was carried out by psychologisting their psychotherapy training

following the completion of two weeks interview trainirgnd several exercise interview$he

participants or their parents gave conseMostA Y 1 SNIJASga 6SNBE | O02YLX AaK

home.

2.7.2 Operationalsation: Use, risky use, harmful use, and cessation

In order to calculate transition probabilities we had to work with precise operatisatansinstead

of broad theoretical concepts. For that purpose we had to modify and in some way reduce the
working definitions of WA3. Just like the consequences of alcohol use vary from a headache to death
from alcoholic liver cirrhosis, definitions of risky lmrmful consumption vary considerably. When

one considers riskiness of drinking there are generally three dimensions of use: quality, quantity and

pattern of use(Rehm et al2010). Since quality of alcohol is less important in the European context

21
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due to strict control of alcoholic beverage by state controls and a relatively low proportion of
unrecorded consumptiofRehm et al2010) we decided to use mean daily consumption as well as

frequency of binge drinking for our operatiorsalions.

The operationatiations we applied for calculating transition probabilities differ from the wagkin

definitions used in WAS3 in the following respects:

First of all, we focused on concrete features of drinkiefaviour average daily consumption, binge
drinking occasions and alcohol use disorders. Of course one time use in a certain setting can be
associated with (an elevated risky for) mortality (e.g. drunk driving), but we do not see how this
behaviourwould conceptudy fit into a modelaimed at the representation of systematic changes
over time in the drinkindehaviourof certain subgroups. Therefore, the drinking situation was not
part of our concept. Second, we did not look at harm to others but at harm and risle tdrinking
person itself. Harm and risk were mainly defined with respect to health consequences and mortality.
Research has shown that mean daily consumption is clearly linked to increased mortality and
morbidity of the drinking persoriDi Castelnuovo et aP006; Rehm et ak010) and reduction in
heavy use is related to a reduced mortality riRlehm and Roerecke, 2018pst, we did not include

any kind of social or financial harm. Howeverggé kinds of consequences are known to be related

to the level of us€éRehm et al2013)

Sincethe calculatedtransition probabilities dependipon the operationakations weinclude we
decided to construct two sets of operatiorsgtions that would enable us to compare the resulting
transition probabilities.Referring to theon-going debate about our concepts of substance use
disorders (Rehm etal. 2013) we decided to implementwo versions of operationalization for
harmful use: one that included alcohol use disorders only and one that included harmful patterns of
use as shown in Table Abstinence was in all cases defined as 12 or lessimgiccasions in the

past year and use was defined as at least 13 drinking occasions in the past year.

The main differences between the two versions are teion A uses lower limits for risky use and
defines harmful use by alcohol use disorders, ongrsion B is more strictly oriented to the
definitions of the WHO by applying the commonly known threggdbr harmful use of 40 and §0
of pure alcohol per dayjor women and men, respectivelfWorld Health Organization, 2001All

calculations were pdéormed for bothversions in order to compare results.
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Table2: Operationaisations for risky use and harmful use, Versions A and B.

Risky Women Mean daily consumptionAt least Mean daily consumption20 to 39 g

use 15 g per day per day
Binge drinking At least40 g per Binge drinking At least 40 g per
occasion 13 times per week occasion 13 times per week
Men Mean daily consumptionAt least Mean daily consumption 30 to 59 g
25 g per day per day
Binge drinking At least50 g per Binge drinking At least 50 g per
occasion 13 times per week occasion 13 times per week
Harmful Women Substance use disorder any Mean daily consumptiaonAt least 40 g
use alcohol use disorder per day

Binge drinking At least 40 g per
occasiorat least 45 times
Substance use disorderany alcohol
use disorder

Men Substance use disorder any Mean daily consumptionAt least 60 g

alcohol use disorder per day

Binge drinking At least 50 g per
occasion at least-8 times
Substance use disordeiany alcohol
use disorder

2.7.3 Operationalgation of age, gender, and comorbidity

In order to have sufficient data for all calculations, we had to focus on major risk factors to include in
the model. For reasons described above we decided on genderaadesomorbidity. Age was split

into three groups: 1417, 1822, and 228. This grouping was done according to practical
considerations on the anhand. On the other hand in Germany and most European countries the
minimum legal drinking age is 18 yeawghich is relevant not least fahe legal aspects of alcohol
consumption. In order to calculate transition probabilities for all these age groups we had to work
with the baseline as well as the two follewps mentioned above. The first two age groups reter

ages at baseline followed up to T2. The last group refers to ages at T2 followed up to T3. This means
that the transitions for ages 228 go back to the samiadividualsas the transitions for the first two

age groups. Comorbidity was defined as lifeticomorbidity of any other mental disorder (another
substance dependence, an affective disorder, an anxiety disorder, an eating disorder, or a psychotic

disorder (assessed only at T2 and T3)), diagnosed in {6¢CM
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2.7.4 Statistical analysis

2.7.4.1Cdculation of transition probabilities

In the firstinstance conditional probabilities to shift from one status at time A to another status at
time B were calculated. For exampllee probability of fulfilling the criteria for harmful use at time C
when ore was classified as a risky user at time B (&reor! No se encuentra el origen de la

referencia).

Fiaure2: Basic model applied in first calculations

Time A Time B Time C Time D
Use Risky use === Cessation
P(B|A) P(C|B) P(DIC)

This model does reflect the transitions mjor interest in WA3, but it does not reflect reality to a
satisfactory degreeThe model in Figure 2 does not take into account that only a fraction of people
do conform to the theoretical model of progression from use to risky use to harmful use ad so
Alsq the delay of three to four yearsetween followup makes it impossible to follow each person

as closely as is desirableven if a person passed through a phase of risky use between use and

harmful use, it is possible to miss that phase somewliretae delay of several years.

Two things changed in the second step in order to depict thgaing processes entirely and more
precisely: abstinence was included the model and each possible transition was calculated
separately as shown in the model Figure3. Transition probabilities were calculated for each
subgroup (2 genders x 2 values of comorbidity x 3 age groups). The twelve resulting groups each
contained the four patterns of use, leading to twelve transitions to another category of use to be
calculated in each group. Of course in

Figurel: Transition model applied in final calculations. each subgroup a frach of

Baseline Delay in years T2 individuals stayed within one
Abstinence— —_ Abstinence category of use from baseline to T2
= Y (or T2 to T3, respectively). The
Use ——_. \ Use transition  probability is  the
<t
. ) . robability of a persorbeingin use
Risky use ‘Q = Risky use P y P J

category B at time 2 given he/she
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was in use category A at time 1. In other wordis ithe number ofindividualsthat switched from
category A at time 1 to category B at time 2, divided bytthal number of individualshat were in
category A at time 1. Considering the multitude of transitions combined with partially small N in
each goup, we decided to refrain from calculating logistic regressions. All transition probabilities
were weighted in order to account for agratification in sampling as well as age, gender, and
regional differences in response rates at baselde.measuremat errors were taken into account
and no confidence intervals were calculated. sk is essential in future analysesll calculations

were performed using STATA 12.

2.7.4.2From transition probability to annual rate

The calculated transition probabilities depend on the delay between the two times of assessment.
Logically the number oindividuals(and thereby the transition probability) switching from one
consumption category to another is larger when we obséndividualsfor several years instead of
just a few months. We consequently broke down the calculated transition probabilities to annual
rates with respect to the grouppecific delay between the assessments. We calculated rates per

year in Excel based on th@mula:

006D

Y 6 DO G|
O MOQAG 1 Xt

p zpmm

n= Group specific delay in years
P(BJA) = Calculated transition probability in %

2.7.4.3Simulation

Based on those annual rates we started simulating the course of prevalence over youth and young
adulthood (age 14 to 30) for 100,0@6titious individualsin each of the four groups: females with no
comorbidity, females with comorbidity, males with no corhidity, and males with comorbidityVe

took prevalence for use and abstinence from the German subsample in the ESPARHémitet

al. 2012)as starting values at age 13 within our mad&k applied the calculated annual rates in the
following manner: for each consumptiguattern it was calculated how mangdividualswithin one
consumpton groupchanged toanother consumptiongroup and how many joined the respective
consumptiongroupdifferent consumptiongroupswithin one year. For example in order to calculate

the number of risky drinkers in year X, we took the number of risky drinkdle preceding year-X
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1 and subtracted thewumber of peopleswitching to abstinence (annual transition probability from
risky use to abstinence multiplied by the number risky drinkers in yelgr e peopleswitching to

use, and those switching to haful use. Then we added thmeoplethat switched into risky patterns

of use from other patterns of use in the preceding year (annual transition probability from
abstinence to risky use multiplied with the number of abstinpabplein year X1 and so on). The
results were then used to calculate the simulated N in the next year and so forth. For each age group
the respective annual transition rates were used, leading to four germied comorbidityspecific
models, each containing dnsition probabilities for three different age groups. These simulations

were calculated using Excel.

2.7.4.4Smoothing

To come up with smoothing, we tried to discover patterns in transition probabilities in two ways:
9 Differences between transition probdities between sex and age groups were tested for
significance.
1 A minimal effect size was usdor determining whether transition probabilities were
meaningfully different. This was done by expert interviews, and the limit was determined as

+/- 30%.

Ba®d on these criteria, several clusters of transition probabilities were estimated to be the, same
with the transition probabilities of the two older age groufasgelybeing able to beeombined into

one probability (for results see below)

3.RESULTS

3.1 The model

Aseries of models displaying the determinants identified from each of the different dis@plere
constructed for theaddictivebehaviours addressed by our working groafcohol, tobacco,
cannabis, stimulants, opioids, club drugs and gamblihg. substance which each map refers
appears in the top left hand corner of the mégee Figurel, p Figured: the alcoholmodel

27). Within these substancspecific models the determinants are groupég level of analysis

(molecular and cellular, individual, and social environmental), with each of the three &dfvelsus
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distinguishedby three layersthat darkenin colour from thebottom to the top. Thebaseof this

model represents the molecular and
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Figure4: the alcoholmodel
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cellular focus, the middle layer represents the individual focus, and the top, darkest layer represents

the influence of social and environmental factors (see Figure 4).

Within the model,determinants aregrouped according to different expe#greed themes within

each level of analysis. At the molecular and cellular level the themgsiide TA SR ' NB WL YLI Oi
58aNB3dzZ F SR b SdzNP OA NOdzA (i NE Q RurotdhhsMitiND ® Ry R | WRKE
YAYSGA0aQd G GKS AYRADARMR dzY LLIBARSY Q 511 KSSgMIRKISAY2Syal A
t N2POSaaSadi Ny a W[ ydSaad !'G GKS a20Al f SY@ANRYY
ARSYUGATASR IINB Wal B)O3GAYy D 2INVR I ¢ IRA W GdEitR2Qvia &XFtS 248N
Sock f {GF{ddzaQ I yRaSHDyy A NREXSY RSABNNYAYI yhierdes 5 KA OK
appear once in eachf the themeswhere they exert effect e.gstress is present within the themes

2F W{2y0ANX & YR Odzal2YaQ>s Wt 26SNJ IyR a20Alf ai
WLYLI OG 2y I'YRK2NJ RéaNB3IdzZ I SR ySdzZNPGNI yaYAdidSNE

We now present each of the substance specific models followed by a brief descriptitme of

meaning and content of eadxpertagreedtheme.
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Figure5: the tobaccomodel
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Figure6: the cannabismodel
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Figure7: the stimulantsmodel
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Figure8: the opioids nodel
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