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Abstract 

Our unique multidisciplinary project design aims to identify the determinants of risky substance use and 

risky gambling behaviours and characterise the relationships between these determinants. As such we have 

ǳǎŜŘ ƻǳǊ ŜȄǇŜǊǘ ǇŀƴŜƭΩǎ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ Ƴŀƴȅ ŘƛǎŎƛǇƭƛƴŜǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ŀŘŘƛŎǘƛƻƴ ǊŜǎŜŀǊŎƘ ǘƻ ŘŜǘŜǊƳƛƴŜ 

factors important to this stage of use. Through consensus expert opinion we have derived models detailing 

the numerous determinants which 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 these determinants may be grouped, such 

ŀǎ Ψ{ƻŎƛŀƭ ŎƻƴǘǊƻƭΩΣ Ψ[ƛŦŜ ŎƛǊŎǳƳǎǘŀƴŎŜǎΩ ŀƴŘ Ψ5ǊǳƎ ƪƛƴŜǘƛŎǎΩΦ The social environmental layer within the model 

demonstrated the greatest number of themes, which testifies to the greater nuanced understanding of risky 

behaviours of such disciplines as anthropology and sociology. These themes may aid in the understanding 

and targeting of policy intervention around this key stage of use. We 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 field. As 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 substances, exhibiting an increased need for research into use of this category of 

substances. Across all the models for risky substance use and risky gambling there are very few common 

determinants, causing us to question the current trend for grouping all 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 cessation for male and female alcohol use in individuals 

with and without psychological comorbidity, between the ages 14-30 years. 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 the first of three reports outlining the development of a series of models that map the determinants 

of different stages of addictive behaviour. These reports run in parallel to the synthesis reports of the 

multidisciplinary group of Work Area 3 of ALICE-RAP.  Work Area 3 (WA3) examines evidence surrounding 

the determinants of different stages of addiction, derived from expert reviews of the prevailing literature 

within a range of scientific disciplines. The disciplines that have contributed to this project are; 

anthropology, economics, genetics, neurobiology, public policy, psychology and sociology, with further input 

from experts on marketing, history, youth studies, cross-European perspectives and, finally, gambling as a 

behavioural addiction.  

 

The project examines three stages of the addiction process; 1) the transition from use or no use to risky 

substance use and gambling, 2) the transition from risky use to harmful substance use and gambling, and 3) 

reductions in harmful substance use and gambling. This report focuses on the development of models 

concerned with the first stage: transition from none use or use to risky use of substances and gambling. The 

aim of the model presented here is to demonstrate topologically, the available evidence concerning the 

determinants of risky substance use and gambling. Use of alcohol, tobacco and illicit drugs are included, 

along with gambling as a representation of behavioural addictions. The models are intended for use by 

policy makers and researchers within the addiction field, both to guide policy decisions and highlight areas 

for future research. By bringing together research in a visual format from the wide range of disciplines that 

inform addiction studies, we have been able to identify knowledge gaps where research is needed to 

improve our current understanding and allow for the development of new multidisciplinary theories on 

substance use and gambling. 

 

 

1.1 Model and Transition Probabilities - Aims and Approach 

 

1.1.1 Model 

The companion synthesis report integrated current expert opinion from a range of disciplines that inform 

addiction studies (Lees et al. 2012). 5ƛǎŎǊŜǘŜ ŘŜǘŜǊƳƛƴŀƴǘǎ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǇǊƻƎǊŜǎǎƛƻƴ ŦǊƻƳ 

use to risky use of substances or gambling were identified across the breadth of disciplines which input into 

ALICE RAP and these are discussed further within the synthesis report. The aim of the work reported here 

was to provide a visual representation of the factors that influence complex behaviours such as substance 

use and gambling. Furthermore, we wished to explore how evidence from multiple disciplines, which differ 
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in their scientific approach, may be brought together into an accessible visual format. The initial inspiration 

for our work was that of the Foresight Obesity Systems Map (Foresight, 2007), and it was our intention to 

construct a map of addiction in a similar manner. We endeavoured to include key criteria within our logic 

model, in order to produce a model of use for both policy makers and addiction researchers. The criteria we 

aimed to include were:  

¶ clear display of the different determinants identified across all disciplines 

¶ demonstration of the relationships and dynamics between the different determinants 

¶ inclusion of determinants with very different levels of abstraction 

¶ clear display of previous multidisciplinary research 

¶ highlighting determinants researched by multiple disciplines for possible future multidisciplinary 

collaborations. 

 

Through mapping our work we are able to highlight knowledge gaps and potentially important interactions 

where multidisciplinary research may further our understanding. Thus, through 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 in the process of hypothesis and theory development around risky use of 

addictive products. We also envisage policy makers engaging with these models to facilitate better design 

and targeting of future policy responses. 

 

Following a brief conceptualisation of our understanding of risk, this report describes the process of 

development of the model including challenges in the presentation of data, the level of abstraction of 

certain determinants and the availability of evidence. Subsequently, we present the model and describe key 

findings such as determinants that vary by substance and those found in multiple disciplines. Finally, we 

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

 

1.1.2 Transition probabilities for alcohol 

As a companion to this report the probabilities of transitioning from one of the stages above to another have 

been calculated and are presented by Rehm and Probst (2013).  

 

The literature-based approach taken within the synthesis reports permits the investigation of as many 

factors as desired. However, a problem with the listing of influential factors within reports is that the 

interaction of such factors is not clear, with different factors listed in different papers, and thus the relative 

importance of the different factors is open to subjective judgment. Moreover, even if systematic reviews are 

carried out and data quantitatively summarized in meta-analyses (e.g. Stroup et al. 2000), the numerical 

values given for different epidemiologic indicators are often inconsistent; incidence derived from one meta-
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analysis may be inconsistent with prevalence estimates derived from another meta-analysis, or with the 

known case fatality or duration rates. The only remedy against this is joint analyses, and thus all these 

epidemiological indicators have to be analysed by substance to examine if they are consistently or 

inconsistently estimated.  Various efforts to model epidemiological parameters have been undertaken, with 

most resulting in the development of software to consistently estimate key parameters of incidence, 

prevalence, duration, remission, and case-fatality in light of general population developments 

(http://winthrop.ihme.washington.edu/; see also Mathers et al. 2002; Barendregt et al. 2003). Such modern 

modelling approaches are not possible for many of the factors considered herein, as all the interactions 

between factors have to be integrated. Consistency requires that the number of included factors be limited, 

with concentration upon those factors considered most important.  

 

The structure of our work schedules 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 model the development 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 or the development of chronic problematic behaviour. However, empirically 

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

use to substance use disorders whilst others may skip risky use and move straight from use to harmful use. 

To statistically map reality requires the integration of those people that do not conform 100% to our 

theoretical model.  Therefore we calculate not only the probability for one transition (use to risky use) but 

for all possible transitions (use to abstinence/use/risky use/harmful use). Modelling in this manner means 

that it is both more useful and more practical to work substance by substance instead of transition by 

transition. 

 

This report presents a first attempt to model transition probabilities for the transition between different 

stages of alcohol use. As described above the use of the modelling approach requires the analysis of a 

discrete set 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 and gender have 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 women (World Health Organization, 2011). This gender gap is to a 

large extent influenced by social factors and life events. Risky patterns of alcohol use, such as binge drinking, 

have been shown to be related to gender as well as age (Wilsnack et al. 2000; Kuntsche et al. 2004). 

Furthermore, age and gender differences in the prevalence of alcohol use disorders have been shown (Rehm 

et al. 2009; Whiteford et al. 2013). Other studies show gender and age differences in the course of alcohol 

use disorders (Keyes et al. 2010) as well as in remission/cessation (Dawson et al. 2005; Bravo et al. 2013). 
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However, concerning age there has been a debate if it is the actual age that influences substance use 

behaviour or 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 fields of age-period-cohort studies shows.  

 

Another factor known to influence substance use behaviour is comorbidity, in particular psychological 

disorders. Comorbidity has been shown to impact alcohol use behaviour in a negative way (Regier et al. 

1990). Compared to age and gender, comorbidity 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 drugs etc.), and stage of substance use (use, 

risky use, harmful use) (Regier et al. 1990; Swendsen et al. 2010). Instead of looking at comorbidity as a risk 

factor preceding substance use behaviour, we could also look at lifetime comorbidity as a gross marker for 

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

 

Within this report on the determinants of risky use we aim to describe the course of alcohol consumption 

over time and to estimate the probabilities of transition from one stage of alcohol use to another.  We will 

initially establish a simple model of use and test the feasibility of modelling, using only 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 would have to be supplemented by death, especially given the high relative 

risk of harmful use compared with the general population (Roerecke and Rehm, 2013), and three influencing 

factors: 2) age, 3) sex and 4) co-morbidity. Even though conceptually simple, this model will be more 

complicated than that which is currently used most often in epidemiological modelling, where only sex and 

age are controlled, and only two categories of outcome considered (abstinence, use disorders; Whiteford et 

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

different categories of outcome, which will allow us to track the course of a population over time.  

 

 

1.3 Definition of risky substance use and risky gambling 

Risk is not a straightforward concept. It can be inherent to a particular behaviour or may be attributable to 

social reactions to the behaviour. It is a relative concept with no fixed, quantitative threshold that experts 

agree can be used to distinguish risky from risk-free behaviour. Risky behaviour can be categorised into short 

term and long term risk. Short term risk, such as drink-driving or the use of unsterilized needles for injecting 

practice, is limited in duration with risk levels returning to baseline following the event. However, long-term 

risks, such as persistent cannabis use or drinking whilst pregnant, extend beyond the initial use of the drug 

with risk of harm typically accumulating over the duration of drug use. For an individual, short-term risks 

may be observed during a particular act, whereas long-term risks often rely on individual and societal 
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knowledge around risk. Both short and long term risks can pose harm to the individual, society, or both. 

Harms to society may be to individuals (e.g. through theft to fund drug purchases) or to society at large (e.g. 

through costs to public services such as the criminal justice or healthcare systems). For the purposes of this 

report the research team agreed the following definition of risky behaviour:  

 

άAll expressions of substance use and gambling, in terms of quantity, frequency, pattern and 

situational circumstances (e.g. location, time) which are material predictive factors for short- or 

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

 

²ƛǘƘƛƴ ǘƘŜ ŀōƻǾŜ ŘŜŦƛƴƛǘƛƻƴΣ ǘƘŜ ǘŜǊƳ ΨƳŀǘŜǊƛŀƭ ǇǊŜŘƛŎǘƛǾŜ ŦŀŎǘƻǊǎΩ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǎǘŀƴŘŀǊŘǎ ōȅ ǿƘƛŎƘ Ǌƛǎƪ ƛǎ 

judged to be of sufficient magnitude to be considered relevant by the research team and it should be noted 

that this may vary across disciplines.  

 

1.3.1 Why do we engage in risky behaviours? 

An understanding of why humans engage with risky activities and how societies make decisions in response 

to this is required 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 human engagement with them is not simply motivated by a desire 

to harm ourselves. Instead, these substances and behaviours serve several purposes for individuals that 

should not be overlooked in the development of policy and practice to reduce risky use. For example, 

psychoactive substances typically increase sensations of pleasure, sedation, pain relief or alertness, through 

altering the delicate balance of chemical messengers in the ōǊŀƛƴΩǎ neuronal circuits (Di Chiara and Imperato, 

1988). Additionally, the social values attached to engaging in such behaviours often encourage use; for 

example, alcoholic drinks are assigned strong cultural meanings and values including signifying fellowship 

and other ritual meanings when toasting, taking Holy Communion or celebrating sporting victory (Room, 

1974; Room, 1976; Room, 2001; Skog, 1985). Equally sharing a cannabis joint is both an intoxicating 

experience and a social ritual. How, when, where, how much and how often engagement with addictive 

substances and behaviours occurs is likely to be determined by the complex interplay between both 

individual and the societal factors. To focus exclusively on any one aspect of these domains underplays the 

inextricably intertwined nature of individuals and societies. 

 

1.3.2 Types 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 
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publicised widely through public health campaigns, with legislation and low risk guidelines implemented to 

inform the public and influence behaviour (e.g. drink-driving limits, minimum purchase ages) (NHMRC, 2009; 

Room, 2004a; Room, 2004b). Whilst there is less evidence describing the health impacts of consumption of 

most illicit substances, the overall health implications involved in taking such substances are largely believed 

to be negative and, despite some exceptions, are generally regarded as such by wider society. However, the 

concept of risk surrounding the engagement in such behaviours is a result of more than the inherent 

properties of the substances themselves. Legislation, historical precedent and popular culture surrounding 

the use of illicit substances adds a further layer of associated risk. Use of addictive substances can be heavily 

moralised, resulting in stigmatisation and marginalisation of users from society. Further, legislating against 

such activities can create extra risk through the imposition of punitive sanctions, the creation of problematic 

illicit markets and the withholding of protective measures (Rolles, 2010). These restrictions may vary 

between societies presenting 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 exchanges may greatly reduce risk of blood-born 

infection in some contexts but be only sporadically available in others. Consequently, any risk to health from 

a particular behaviour may be outweighed by societal-induced risks emerging from cultural or policy 

responses to the behaviour in question. 

 

Identification of risky behaviour is further complicated where consumption may have potential beneficial 

effects at lower-levels but potential harmful effects at higher levels; for example, the apparent J-shaped 

relationship between level of alcohol consumption and risk of Ischaemic heart disease (Roerecke and Rehm, 

2012). For other outcomes there may be threshold effects where risks 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, categorising and understanding interactions between determinants, which often operate at 

numerous levels and describe different types of risk. Consequently, structuring a model around the 

determinants of the transition to risky substance use and gambling, given the complexity of interactions and 

level of operation, was challenging. However, in tackling this complexity we may further our understanding 

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

 

2.1 Definition of a determinant 

The term determinant may be perceived as inferring that a factor is predictive of behaviour, yet many of the 

disciplines involved in ALICE RAP conduct research that does not offer such direct 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 definition: 

άA factor which alone or in combination 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 cellular, individual, 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 

manner.έ 

 

 

2.2 Methods for extracing determinants from the discipline reviews 

The model includes each of the determinants identified from analysis of the individual discipline reports on 

the transition from no use or use to risky use of substances and gambling. These determinants were 

classified according to the substance to which they related, the age group to which they were applicable and 

the level of analysis at which they operated (cellular and molecular, individual or social and environmental). 

Following extraction of the determinants from the discipline reviews, an early version of the model was 

circulated to the research team to ensure that no determinants had been ommitted from the model. 

 

 

2.3 Process for the development of the model 

The inspiration for the generation of a model for the determinants of different transition stages in the use of 

addictive substances was derived from the Foresight model of obesity (Foresight, 2007). The Foresight map 

outlines the interaction of all of the different factors at play in the development of obesity, with 

contributions from social and individual psychology, physiology and topics including food production and the 

environment in which food is marketed, purchased and consumed. The obesity system map is broken down 

into a series of derivative maps, each with a different focus such as the strength of evidence, and pathways 

that are relevant to policy approaches e.g. tax on food, improving food literacy and penalising parents 
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(Foresight, 2007). We set out to map the determinants of addiction, in a similar manner; however, early in 

the development of our model it became apparent that two key limitations would restrict our ability to 

replicate the obesity approach. Firstly, there is limited overlap between the different addiction disciplinary 

research fields which has resulted in a lack of available evidence to suggest relationships and interactions 

between determinants. Secondly, given this general lack of multidisciplinarity, making judegements about 

the relative influence of the determinants from different disciplines was not possible. Given these challenges 

we examined alternative approach to the development of the model informed by two questions: 1) what 

could we say with the evidence available to use? 2) what techniques were available for visually displaying 

this information we had collated? 

 

We developed and discussed four alternative conceptualisations of the model, each of which facilitated the 

process of model refinement, before settling on a final approach. The challenges we encountered during our 

development of different visual approaches is outlined in Table 1 and Figure 1 below. Subsequently, we 

present the key learning that informed the final model. The model that we present in Section 3 (p.20) 

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 ambition was to use the evidence generated to develop interdisciplinary testable models of addiction. 

These testable models would illustrate evidenced and hypothesised relationships between different 

determinants of addiction, providing a road-map 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 of evidence. 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 lack of supporting 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 determinants displayed in Figures 2-9 span a wide range of levels of 
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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 such fundamentally 

different constructs requires the development and nurturing of multidisciplinary relationships that will 

enable scientific debate around the intricacies of such relationships. Whilst we have initiated such 

connections over the duration of this project, to produce models with greater interactions between 

determinants and which consider the range of research methods and types of data the disciplines use would 

require substantially more interaction between researchers. 

 

Given these challenges, we have 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. The models 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 under which 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. 
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Table 1: model variations through the stages of development 

Model 

Variation 
Description Strengths Limitations 

1 A network-like model created using CMAP 

software that mapped the determinants from 

different disciplines and showed the 

relationships between determinants where 

evidence permitted. 

¶ Illustrate different levels of abstraction of 

determinants. . 

¶ Easy to display links between determinants. 

¶ Contains search function and cross-

referenced data. 

¶ Link determinants to evidence 

sourcesthrough embedded HTML links. 

¶ Complexity hindered reading and created 

practical challenges for printing. 

¶ Lack of evidence for the relationships 

between many determinants and feedback 

loops. 

2 A model that illustrates the different 

determinants that influence the transition to 

risky substance use and gambling at different 

stages of the life course (e.g. in utero, 

childhood, adolscense, and adulthood). 

¶ An alternative approach that could be 

useful for policy makers targeting specific 

age groups. 

¶ Further understanding of the determinants 

that are most important at each age. 

¶ Not well-integrated with expert reviews 

informing model development. 

¶ Evidence is lacking around certain stages of 

the lifecourse. 

¶ Unclear whether to display data at life stage 

where a determinant was causal or where it 

took effect. 

3 A model that illustrates through the use of 

concentric circles and vertical/ horizontal 

axes, the determinants, the number of 

disciplines in which they appear, whether an 

individual can effect the determinant, and if 

the determinant is substance specific. 

¶ Concentric circles illustrate different levels 

of research focus. 

¶ Vertical /horizontal axes add. 

¶ Size of the determinant in the model used 

to illustrate the number of disciplines 

within which each determinant arose. 

¶ The size of the determinants could be 

confused with representing importance. 

¶ Begins to illustrate which determinants 

influence which subsǘŀƴŎŜΣ ōǳǘ ŘƻŜǎƴΩǘ 

make explicit to which addictions each 

determinant refers. 

4 An earlier version of the final model that 

displayed the determinants in a hierarchy of 

concentric circles, illustrating 

multidisciplinarity through colour. 

¶ Clear illustration of multi versus single 

disciplinarity through use of colour. 

¶ Concentric circles illustrate different levels 

of research focus. 

¶ Could cluster determinants based on 

theme. 

¶ Multidisciplinary determinants represented 

using multiple colours  become difficult to 

read. 

¶ Clustering based on theme cluttered due to 

a lack of space within the concentric circles. 
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Figure 1: illustration of some of the previous models 

 

 
Model Variation 1: the CMAP model 

Model Variation 3: a concentric circle model 

Model Variation 2: the life course model 
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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 and concepts 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 that we 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 addiction researchers may prefer a testable 

map detailing the full extent of current knowledge and outlining the evidence base for the 

determinants and relationships visualised. The process of developing, discussing the relative merits 

of, and discarding the four earlier versions of the model outlined in Table 1 led to the identification 

of six key challenges:  

¶ Layout ς what is the most approprate way to visually display our data to fulfil the objectives of 

the model? 

¶ Variation between substances/gambling ς what is the best way to illustrate that different 

factors influence the transition to risky use for different substances/gambling? 

¶ Level of abstraction ς not all disciplines describe discrete determinants as can be seen 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? 

¶ Clustering of determinants ς where determinants cannot be aggregated into a single 

determinant, but share a theme, should we cluster them together? Or should we cluster 

determinants into disciplinary groups?  

¶ Multidisciplinary evidence ς how do we highlight determinants that are evidenced within a 

number of disciplines and is this relevant? 

¶ Linking to the evidence ς what is the best way to link underlying 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 

present two different versions of the model: 

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

the WA3 panel of experts at a meeting in Manchester in December 2013 (Section 3.1, p.26). 
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These themes were determined by the group to be the key themes, which are important for 

the transition to risky substance use and gambling. Individual determinants are listed within 

each theme, with determinants that were reported by two or more discipline represented in 

two or more themes, as relevant. 

2) The second version of the model presents each determinant within an individual circle 

(Section 3.3, p.43). 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 dark red 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 both versions of the model, we represent the three broad levels of analysis at which the different 

disciplines operate, as presented in the accompanying synthesis report on determinants of risky 

substance use and gambling (Lees et al. 2012). This serves both to direct the reader and 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 resulted in a model that was very complex and difficult 

to understand. Given that the experts had collated substance specific information in the discipline 

reviews, we wanted to reflect this learning within the model. Additioanlly, it was appararent that 

some determinants only influenced the transition to risky use for some behaviours and so it was 

reductionist to remove the evidence around specific behaviours. The models that we present below 

thus comprise a set of maps, with each map respresenting one of the following substances or 

behaviours: alcohol, tobacco, cannabis, stimulants, opioids, club drugs and gambling. For 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 themselves use the category 

of club drugs. The final map identifies determinants that are influential across multiple substances 

and gambling, to illustrate determinants that are not behaviour specific (Section 3.2, p.40). 

 

2.5.3 Level of abstraction 

The different disciplines represented within this project conduct research at different levels of focus 

and analysis ranging from the societal to the molecular. Inevitably therefore, the determinants of 

risky substance use and gambling that we have identified vary in the level of abstraction to which 
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they refer, from the very specific (e.g. ALDH2) to greater theories and constructs (e.g. life course 

normative behaviours and institutions of social control). Further, different disciplines working at the 

same level of analysis may also identify determinants that differ in the level of their abstraction as a 

result of variations in their approach to research.  

 

The WA3 team discussed this issue of the level of abstraction and decided to theme determinants 

(see Section 2.3.4 below) to facilitate the reader in understanding the model, given the varying levels 

of abstraction of the determinants. Thus, 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 to interact with the models and quickly interpret results, key themes which were 

representative of the identified determinants were selected by the expert panel. Having identified 

key themes, experts allocated all of the determinants across each of the different substance 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 not accurately reflect individual determinants.  

 

We clustered the identified determinants of risky substance use and gambling according to key 

themes rather than according to discipline as it was perceived by the panel that this would 

encourage engagement from non-specialist audiences and policy makers. Using themes facilitates 

the quick identification of key messages from our work and may help to target policy responses for 

different substances. Separating the determinants according to the different theme also aids 

understanding of 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 of the 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 addiction field do not indicate that 

multidisciplinary research is already being carried out, rather that a number of disciplines have 

carried out research upon this topic within their separate disciplinary silos.  We have developed a 

separate more to highlight these determinants (Section 3.3, p.43). 
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2.5.6 Evidencing the model 

All determinants within the model are derived from discipline specific reports contributed by the 

discipline experts. These represent the evidence-based literature resulting from the different 

disciplines within the field of addiction studies, and are outlined within the companion synthesis 

report (Lees et al. 2012). We have not included the citation for 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 end of this report. 

 

 

2.6 Model validation 

The scientific disciplines that contribute to ALICE-RAP arise from different epistemological traditions, 

which prioritise different forms of evidence. This evidence is challenging to combine in work such as 

this, and so opportunities to bring together discipline experts through teleconferences and face-to-

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

find solutions to emerging problems. 

 

During the development of the final model, we engaged frequently with discipline experts. Experts 

were consulted regarding which determinants were included and excluded from the model at an 

early stage. Early versions of the model were circulated to all discipline experts for comment. The 

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 aspects of the models presented. In November 2013 the 

Steering Group (Gerhard Bühringer, Anne Lingford-Hughes, Petra 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 the model. 

 

In addition to consultation with the research group members 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. This meeting involved experts from the following disciplines: 

sociology, anthropology, public policy, cross-European studies, psychology, neurobiology, genetics 

and gambling. At 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 within the 
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models. Decisions, based upon expert consensus opinion, were made as to whether determinants 

should be included, excluded (as they were represented more clearly by an alternative determinant 

within the models), renamed for clarification, and to which themed domain they should be assigned. 

 

Throughout the process of model development therefore, there have been many discussions 

between members of the ALCIE RAP WA3 team. This process of progressing our work by circulating 

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 data in a different way or target our model 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 years. These discussions have substantially influenced the final 

models we present 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 be modelled (criteria for selection: large sample size, 

representativeness for general population, young age of participants, as many of the transitions to 

first use in Europe happen early in life (Kuntsche et al. 2004; Pitkänen et al. 2005), cohort design 

with as many follow-up points as possible). We have additionally attempted to cross-validate these 

results with similar analyses in the National Epidemiologic Survey on Alcohol and Related Conditions 

(NESARC; Chen et al. 2004).  

 

2.7.1 EDSP: Dataset description 

We used a German sample from a prospective-longitudinal study called ǘƘŜ ΨEarly Developmental 

Stages of Psychopathology StudyΩ (EDSP) as a database. 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 elsewhere (Wittchen et al. 1998; Lieb et al. 2000). The study consists of one 

baseline assessment in 1995 (T0) and three follow-ups. Since the first follow-up comprised only a 

subsample, we used the second and third follow-up that took place in 1998/1999 (T2) and 2003 to 

2005 (T3), respectively.  

 

In 1994 the randomized sample was drawn from the population register of Munich and surrounding 

areas. Age groups 14-15, 16-21, and 22-24 were sampled in a ratio 4:2:1. 71% of the 4,263 persons 
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initially drawn completed the assessment. The resulting sample consists of 3,021 persons (49.3% 

women and 50.7% men) 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% had a job at 

that point of time and 1.1% were unemployed (Lieb et al. 2000). The majority of the sample were 

still living with their parents (62.4%) and only a few were married (3.4%). The large majority of 

participants were part of the middle or upper socioeconomic strata (87.4%). This conforms with 

socio-demographic features of the region (Lieb et al. 2000). Response rates of T2 and T3 are 84% and 

73% of baseline participants, respectively (Behrendt et al. 2008). At T2 only 12.8% were still 

attending school and 36.2% were employed. The proportion of persons living with their parents 

decreased to 40.2%, whilst 7.8% were married (Lieb et al. 2000).   

 

Data were assessed using different questionnaires as well as the Computer-Assisted Personal 

Interview version of the Munich-Composite International Diagnostic Interview (M-CIDI; Wittchen 

and Pfister, 1997). Validity and reliability of the M-CIDI have been investigated and shown to be 

satisfactory (Lachner et al. 1998; Reed et al. 1998). The M-CIDI assesses information about 

symptoms, syndromes and diagnosis of 48 different mental disorders, as well as information on their 

onset, duration, and severity in a fully standardized manner. Both, lifetime and 12-month related 

questions were asked. The interview section assessing information on alcohol use and alcohol use 

disorders 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 abuse and dependence.   

 

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

following the completion of two weeks interview training and several exercise interviews. The 

participants or their parents gave consent. Most ƛƴǘŜǊǾƛŜǿǎ ǿŜǊŜ ŀŎŎƻƳǇƭƛǎƘŜŘ ŀǘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ 

home.  

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

In order to calculate transition probabilities we had to work with precise operationalisations instead 

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 or harmful consumption vary considerably. When 

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

pattern of use (Rehm et al. 2010). Since quality of alcohol is less important in the European context 
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due to strict control of alcoholic beverage by state controls and a relatively low proportion of 

unrecorded consumption (Rehm et al. 2010), we decided to use mean daily consumption as well as 

frequency of binge drinking for our operationalisations.  

 

The operationalisations we applied for calculating transition probabilities differ from the working 

definitions used in WA3 in the following respects:  

 

First of all, we focused on concrete features of drinking behaviour: 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 

behaviour would conceptually fit into a model aimed at the representation of systematic changes 

over time in the drinking behaviour of 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 risk to the drinking 

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 person (Di Castelnuovo et al. 2006; Rehm et al. 2010), and reduction in 

heavy use is related to a reduced mortality risk (Rehm and Roerecke, 2013). Last, we did not include 

any kind of social or financial harm. However, these kinds of consequences are known to be related 

to the level of use (Rehm et al. 2013).   

 

Since the calculated transition probabilities depend upon the operationalisations we include, we 

decided to construct two sets of operationalisations that would enable us to compare the resulting 

transition probabilities. Referring to the on-going debate about our concepts of substance use 

disorders (Rehm et al. 2013) we decided to implement two 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 2. Abstinence was in all cases defined as 12 or less drinking occasions 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 that version A uses lower limits for risky use and 

defines harmful use by alcohol use disorders, only. Version B is more strictly oriented to the 

definitions of the WHO by applying the commonly known thresholds for harmful use of 40 and 60g 

of pure alcohol per day for women and men, respectively (World Health Organization, 2001). All 

calculations were performed for both versions in order to compare results.  
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Table 2: Operationalisations for risky use and harmful use, Versions A and B. 

 Version A Version B 

Risky 

use 

Women Mean daily consumption: At least 

15 g per day  

Binge drinking: At least 40 g per 

occasion 1-3 times per week 

Mean daily consumption: 20 to 39 g 

per day 

Binge drinking: At least 40 g per 

occasion 1-3 times per week 

 Men Mean daily consumption: At least 

25 g per day 

Binge drinking: At least 50 g per 

occasion 1-3 times per week 

Mean daily consumption: 30 to 59 g 

per day 

Binge drinking: At least 50 g per 

occasion 1-3 times per week 

Harmful 

use 

Women Substance use disorder: any 

alcohol use disorder 

Mean daily consumption: At least 40 g 

per day 

Binge drinking: At least 40 g per 

occasion at least 4-5 times 

Substance use disorder: any alcohol 

use disorder 

 Men Substance use disorder: any 

alcohol use disorder 

Mean daily consumption: At least 60 g 

per day 

Binge drinking: At least 50 g per 

occasion at least 4-5 times 

Substance use disorder: any alcohol 

use disorder 

 

2.7.3 Operationalisation 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 gender, age, and comorbidity. Age was split 

into three groups: 14-17, 18-22, and 23-28. This grouping was done according to practical 

considerations on the one hand. On the other hand in Germany and most European countries the 

minimum legal drinking age is 18 years, which is relevant not least for the 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 follow-ups mentioned above. The first two age groups refer to 

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 23-28 go back to the same individuals as the transitions for the first two 

age groups. Comorbidity was defined as lifetime comorbidity 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 the M-CIDI. 
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2.7.4 Statistical analysis 

 

2.7.4.1 Calculation of transition probabilities 

In the first instance, conditional probabilities to shift from one status at time A to another status at 

time B were calculated. For example, the probability of fulfilling the criteria for harmful use at time C 

when one was classified as a risky user at time B (see ¡Error! No se encuentra el origen de la 

referencia.).  

 

 

 

 

 

 

 

This model does reflect the transitions of major interest in WA3, but it does not reflect reality to a 

satisfactory degree. The 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 and so on. 

Also, the delay of three to four years between follow-up makes it impossible to follow each person 

as closely as is desirable. Even if a person passed through a phase of risky use between use and 

harmful use, it is possible to miss that phase somewhere in the delay of several years.  

 

Two things changed in the second step in order to depict the on-going processes entirely and more 

precisely: abstinence was included in the model and each possible transition was calculated 

separately as shown in the model in Figure 3. 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 

each subgroup a fraction of 

individuals stayed within one 

category of use from baseline to T2 

(or T2 to T3, respectively). The 

transition probability is the 

probability of a person being in use 

category B at time 2 given he/she 

Figure 1: Transition model applied in final calculations. 

Baseline Delay in years T2

Abstinence Abstinence

Use Use 

Risky use Risky use

Harmful use Harmful use

Time A Time B Time C Time D

Use Risky use Harmful use Cessation

P(B|A) P(C|B) P(D|C)

Figure 2:  Basic model applied in first calculations 
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was in use category A at time 1. In other words it is the number of individuals that switched from 

category A at time 1 to category B at time 2, divided by the total number of individuals that were in 

category A at time 1. Considering the multitude of transitions combined with partially small N in 

each group, we decided to refrain from calculating logistic regressions. All transition probabilities 

were weighted in order to account for age-stratification in sampling as well as age, gender, and 

regional differences in response rates at baseline. No measurement errors were taken into account 

and no confidence intervals were calculated. This work is essential in future analyses. All calculations 

were performed using STATA 12. 

 

2.7.4.2 From transition probability to annual rate 

The calculated transition probabilities depend on the delay between the two times of assessment. 

Logically the number of individuals (and thereby the transition probability) switching from one 

consumption category to another is larger when we observe individuals for several years instead of 

just a few months. We consequently broke down the calculated transition probabilities to annual 

rates with respect to the group-specific delay between the assessments. We calculated rates per 

year in Excel based on this formula: 

 

ὙὥὸὩ ὴὩὶ ώὩὥὶ
ὖὄȿὃ

ρππ
ρ ρzππ 

n= Group specific delay in years 
P(B|A) = Calculated transition probability in %  

 

2.7.4.3 Simulation 

Based on those annual rates we started simulating the course of prevalence over youth and young 

adulthood (age 14 to 30) for 100,000 fictitious individuals in each of the four groups: females with no 

comorbidity, females with comorbidity, males with no comorbidity, and males with comorbidity. We 

took prevalence for use and abstinence from the German subsample in the ESPAP report (Hibell et 

al. 2012) as starting values at age 13 within our model. We applied the calculated annual rates in the 

following manner: for each consumption-pattern it was calculated how many individuals within one 

consumption group changed to another consumption group and how many joined the respective 

consumption group different consumption groups within one year. For example in order to calculate 

the number of risky drinkers in year X, we took the number of risky drinkers in the preceding year X-
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1 and subtracted the number of people switching to abstinence (annual transition probability from 

risky use to abstinence multiplied by the number risky drinkers in year X-1), the people switching to 

use, and those switching to harmful use. Then we added the people that 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 abstinent people in year X-1 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 gender- and comorbidity-specific 

models, each containing transition probabilities for three different age groups. These simulations 

were calculated using Excel.  

 

2.7.4.4 Smoothing 

To come up with smoothing, we tried to discover patterns in transition probabilities in two ways: 

¶ Differences between transition probabilities between sex and age groups were tested for 

significance. 

¶ A minimal effect size was used for determining whether transition probabilities were 

meaningfully different.  This was done by expert interviews, and the limit was determined as 

+/- 30%. 

Based on these criteria, several clusters of transition probabilities were estimated to be the same, 

with the transition probabilities of the two older age groups largely being able to be combined into 

one probability (for results see below). 

 

 

3. RESULTS 

 

3.1 The model 

A series of models displaying the determinants identified from each of the different disciplines were 

constructed for the addictive behaviours addressed by our working group; alcohol, tobacco, 

cannabis, stimulants, opioids, club drugs and gambling. The substance to which each map refers 

appears in the top left hand corner of the map (see Figure 4, p.Figure 4: the alcohol model 

27). Within these substance-specific models the determinants are grouped by level of analysis 

(molecular and cellular, individual, and social environmental), with each of the three levels of focus 
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distinguished by three layers that darken in colour from the bottom to the top. The base of this 

model represents the molecular and
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Figure 4: the alcohol model 
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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 are grouped according to different expert-agreed themes within 

each level of analysis. At the molecular and cellular level the themes ideƴǘƛŦƛŜŘ ŀǊŜ ΨLƳǇŀŎǘ ƻƴ ŀƴŘκƻǊ 

5ȅǎǊŜƎǳƭŀǘŜŘ bŜǳǊƻŎƛǊŎǳƛǘǊȅΩΣ ΨLƳǇŀŎǘ ƻƴ ŀƴŘκƻǊ 5ȅǎǊŜƎǳƭŀǘŜŘ beurotransmitteǊǎΩ ŀƴŘ Ψ5ǊǳƎ 

YƛƴŜǘƛŎǎΩΦ !ǘ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ƭŜǾŜƭ ǘƘŜ ǘƘŜƳŜǎ ƛŘŜƴǘƛŦƛŜŘ ŀǊŜ Ψ/ƻnǎǳƳǇǘƛƻƴΩΣ Ψ9Ƴƻǘƛƻƴŀƭ ŀƴŘ Cognitive 

tǊƻŎŜǎǎŜǎΩ ŀƴŘ Ψ[ƛŦŜ /ƛǊŎǳƳǎǘŀƴŎŜǎΩΦ !ǘ ǘƘŜ ǎƻŎƛŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƭŜǾŜƭ ƻŦ ŀƴŀƭȅǎƛǎ ǘƘŜ ǘƘŜƳŜǎ 

ƛŘŜƴǘƛŦƛŜŘ ŀǊŜ ΨaŀǊƪŜǘƛƴƎ ŀƴŘ !ǾŀƛƭŀōƛƭƛǘȅΩΣ Ψ{ƻŎƛŀƭ bƻǊƳǎ ŀƴŘ /ǳǎǘƻƳǎΩΣ Ψ{ƻŎƛŀƭ /ƻƴǘǊƻƭΩΣ ΨtƻǿŜǊ ŀƴŘ 

Sociŀƭ {ǘŀǘǳǎΩ ŀƴŘ Ψ9ƴǾƛǊƻƴƳŜƴǘ ƻŦ ¦ǎŜΩΦ  ¢ƘƻǎŜ ŘŜǘŜǊƳƛƴŀƴǘǎ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜ ƳǳƭǘƛǇƭŜ themes 

appear once in each of the themes where they exert effect e.g. stress is present within the themes 

ƻŦ Ψ{ƻŎƛŀƭ ƴƻǊƳǎ ŀƴŘ ŎǳǎǘƻƳǎΩΣ ΨtƻǿŜǊ ŀƴŘ ǎƻŎƛŀƭ ǎǘŀǘǳǎΩΣ Ψ9Ƴƻǘƛƻƴŀƭ ŀƴŘ ŎƻƎƴƛǘƛǾŜ ǇǊƻŎŜǎǎŜǎΩΣ 

ΨLƳǇŀŎǘ ƻƴ ŀƴŘκƻǊ ŘȅǎǊŜƎǳƭŀǘŜŘ ƴŜǳǊƻǘǊŀƴǎƳƛǘǘŜǊǎΩ ŀƴŘ Ψ5ǊǳƎ ƪƛƴŜǘƛŎǎΩ. 

 

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

meaning and content of each expert-agreed theme. 
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Figure 5: the tobacco model 
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Figure 6: the cannabis model 
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Figure 7: the stimulants model 
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Figure 8: the opioids model 

  
























