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Abstract

Background

Research has repeatedly demonstrated that cognitive impairment among patients with
substance use disorder (SUD) is high and associated with poorer SUD treatment
outcomes. Identifying cognitive impairment may be pivotal in tailoring the delivery
of treatment for this patient cohort. Clinicians typically rely on short screening
instruments measuring broad cognitive domains for the identification of cognitive
impairment. However, the ecological validity for such instruments in terms of
predicting long-term clinically relevant outcomes in patients with an SUD is not well
established. This PhD project examines the prevalence rates of cognitive impairment
derived from frequently used short assessment instruments. It also assesses these
instruments’ ability to predict long-term substance use and psychological distress
among patients with polysubstance use disorder (pSUD). Additionally, it examines
the characteristics of patients with pSUD with coocurring borderline intellectual

impairment (BIF).

Aims

Paper I. To examine the prevalence rate and demographic and clinical features of

patients with a pSUD and cooccurring BIF.

Paper II. To investigate the predictive value of measures from common cognitive

screening instruments on long-term substance use among patients with pSUD.

Paper III. To investigate the predictive value of measures from common cognitive
screening instruments on long-term psychological distress and interactions between
substance use, cognitive impairment and psychological distress among patients with

pSUD.



Method

The project featured a prospective longitudinal cohort design. A total of 208 patients
with SUD were recruited at convenience across 10 outpatient and residential enrolment
sites within the specialized SUD treatment services in the Stavanger University
Hospital catchment area. The sample of patients with pSUD comprised 164
participants. Cognitive impairment was measured with the Wechsler Abbreviated Scale
of Intelligence (WASI), the Montreal Cognitive Assessment® (MoCA®), and the
Behaviour Rating Inventory of Executive Function — Adult version (BRIEF-A).
Psychological distress was measured by the Symptom Checklist 90-Revised (SCL-90-
R), and substance use was measured by the Drug Use Identification Test —
Consumption items (DUDIT-C). We conducted frequency analysis to establish
prevalence rates of cognitive impairments according to the specific cognitive screening
instruments and described differences in characteristics between the BIF and non-BIF
groups. We performed logistic regression analyses to examine the predictive value of
the specific cognitive screening instruments with substance use and psychological

distress at the one- and five-year follow-ups as the dependent variables.

Results

Prevalence rates of cognitive impairment. In Paper I we found a prevalence rate of BIF
of 13.6%. Only one participant scored within the 1Q range of intellectual disability (IQ
50-70). In Paper II, we identified MoCA® and BRIEF-A derived cognitive impairment

prevalence rates of 33% and 60%, respectively.

Characteristics of BIF. In Paper 1, we found that participants with BIF displayed an
elevated level of self-reported psychological distress compared to those without BIF,
while other disparities were not observed. A post hoc regression analysis, controlling
for possible confounders, confirmed the independent association between

psychological distress and BIF.
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Prediction of substance use. In Paper 11, we found no association between results from
WASI, MoCA® and BRIEF-A, and substance use outcomes one or five years after
treatment initiation except for MoCA® and continuous DUDIT-C scores at year one.
The WASI, MoCA® and BRIEF-A did not predict abstinence or heavy substance use

one and five years after treatment initiation.

Prediction of psychological distress. In Paper I1II, MoCA® defined cognitive
impairment proved to be a significant independent predictor of long-term
psychological distress even after controlling for the effect of psychological distress at
treatment initiation. However, BRIEF-A defined cognitive impairment lost statistical
significance as a predictor of psychological distress at follow-ups when the effect of
baseline psychological effect was controlled for. The relationship between WASI and
psychological distress was equivocal, as it did not show a clear prediction pattern.
When compared to baseline distress and substance use at one- and five-year follow-
ups, the cognitive instruments exhibited limited explanatory power for long-term

psychological distress.

Conclusion

The results in this PhD project indicate that there may be an overrepresentation of
cognitive impairments, including BIF, among patients in SUD treatment. However, the
utility of the WASI, MoCA® and BRIEF-A to predict long-term substance use and
psychological distress in a clinical context appears to be limited. The project highlights
the need to develop neuroscience-informed, viable and ecologically valid assessment

procedures that can identify cognitive impairment in SUD populations.
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Sammendrag

Gjentatte studier har vist at forekomsten av svekket kognitiv fungering blant pasienter
med rusmiddellidelser er hay og assosiert med svakere behandlingsutfall i
rusbehandling. Identifisering av svekket kognitiv fungering kan vere avgjerende for
a tilpasse behandlingen til denne pasientgruppen. Klinikere benytter oftest korte
screeninginstrumenter som maler brede kognitive domener for & identifisere svekket
kognitiv fungering. Imidlertid er den ekologiske validiteten til disse instrumentene
med henblikk pé & kunne predikere langsiktig klinisk relevante behandlingsutfall ikke
godt etablert. Dette PhD-prosjektet underseker forekomsten av kognitive vansker
definert ved vanlige korte kartleggingsinstrumenter. Prosjektet underseker og disse
instrumentenes evne til & predikere langsiktig rusmiddelinntak og psykologisk
lidelsestrykk blant pasienter med rusmiddellidelse som bruker multiple rusmidler
(pSUD). Videre undersokes karakteristika til pasienter med pSUD og samtidig
borderline intellektuell fungering (BIF).

Mal

Artikkel I. A undersgke prevalens av samt demografiske og kliniske karakteristika til

pasienter med pSUD og samtidig BIF.

Artikkel I1. A undersgke hvor godt resultater fra vanlige kognitive
screeninginstrumenter kan predikere langtids rusmiddelinntak blant pasienter med

pSUD

Artikkel I11. A undersoke hvor godt resultater fra vanlige kognitive
screeningsinstrumenter kan predikere langtids psykisk lidelsestrykk samt interaksjon
mellom rusmiddelbruk, kognitive vansker og psykisk lidelsestrykk blant pasienter

med pSUD
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Metode

Prosjektet benytter et prospektivt longitudinelt design. Totalt 208 pasienter med
rusmiddellidelse ble rekruttert ved bekvemmelighet fra 10 poliklinikker og
degnenheter ved tverrfaglig spesialisert rusbehandling i Stavanger
Universitetssykehus sitt opptaksomrade. Utvalget av pasienter med pSUD utgjorde
164 deltakere. Svekket kognitiv fungering ble utledet fra Wechsler Abbreviated Scale
of Intelligence (WASI), Montreal Cognitive Assessment® (MoCA®), og Behaviour
Rating Inventory of Executive Function — Adult version (BRIEF-A). Psykisk
lidelsestrykk ble utledet fra Symptom Checklist 90-Revised (SCL-90-R), og
rusmiddelinntak ble utledet fra Drug Use Identification Test — Consumption items
(DUDIT-C). Vi gjennomferte frekvensanalyse for & fastsla prevalensrate til svekket
kognitiv fungering i henhold til de ulike kognitive screeninginstrumentene og beskrev
forskjeller i karakteristika mellom BIF og ikke-BIF gruppene. Vi gjennomforte
logistisk regresjonsanalyse for & underseke den prediktive verdien til de ulike
kognitive screeninginstrumentene med rusmiddelinntak og psykologisk lidelsetrykk

ved ett- og feméars oppfelging som avhengig variabel.

Resultat

Prevalensrate for svekket kognitiv fungering. 1 Artikkel I fant vi en BIF prevalensrate
pé 13.6%. Kun én deltaker skéret i [Q-omréadet til psykisk utviklingshemming (1Q
50-70). I Artikkel IT og Artikkel I1I identifiserte vi prevalensrate av svekket kognitiv
fungering utledet ved MoCA® og BRIEF-A pé henholdsvis 33% og 60%.

BIF karakteristika. 1 Artikkel I fant vi at deltakere med BIF hadde forhayet
selvrapportert psykisk lidelsestrykk sammenliknet med deltakere uten BIF mens
andre forskjeller ikke ble funnet. En post hoc regresjonsanalyse som kontrollerte for
mulige konfunderende variabler bekreftet den uavhengige assosiasjonen mellom

psykisk lidelsestrykk og BIF.
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Prediksjon av rusmiddelbruk. 1 Artikkel 11 fant vi ingen assosiasjon mellom resultater
fra WASI, MoCA® og BRIEF-A og rusmiddelinntak ved ér en og fem ut over
MoCA® og kontinuerlige DUDIT-C skérer ved ar en. WASI, MoCA® and BRIEF-A
predikerte ikke avhold fra eller omfattende rusmiddelbruk ett og fem ér etter

behandlingsoppstart.

Prediksjon av psykisk lidelsestrykk. 1 Artikkel 111 var svekket kognitiv fungering
utledet ved MoCA"™ en signifikant uavhengig prediktor for langsiktig psykisk
lidelsestrykk ogsé etter at effekten av psykisk lidelsestrykk ved inklusjonstidspunktet
var kontrollert for. Imidlertid mistet svekket kognitiv fungering utledet fra BRIEF-A
statistisk signifikans som prediktor for psykisk lidelsestrykk ved senere mélepunkter
etter at effekten av psykisk lidelsestrykk ved inklusjonstidspunktet var kontrollert for.
Forholdet mellom WASI og psykisk lidelsestrykk var uklart da det ikke fremkom et
klart prediksjonsmenster. Sammenliknet med psykisk lidelsestrykk malt ved
inklusjonstidspunktet og rusmiddelbruk ved ett- og femars oppfelging, viste de
kognitive instrumentene begrenset forklaringsverdi for langsiktig psykisk

lidelsestrykk.

Konklusjon

Resultatene 1 dette PhD-prosjektet indikerer at svekket kognitiv fungering inkludert
BIF kan vaere overrepresentert blant pasienter i rusbehandling. Imidlertid fremstar
nytteverdien til WASI, MoCA® and BRIEF-A for & predikere langsiktig
rusmiddelbruk og psykisk lidelsestrykk i en klinisk kontekst begrenset. Prosjektet
understreker behovet for & utvikle nevrovitenskaplig informerte, hensiktsmessige og
okologisk valide utredningsprosedyrer som kan identifisere svekket kognitiv

fungering blant pasienter med rusmiddellidelse.
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1. General introduction and theoretical framework

1.1 Background

The research field intersecting neurocognition and substance use disorder (SUD) has
sharply advanced the understanding of the underpinning mechanics and clinical
implications of cognitive impairments in recent decades (Kwako et al., 2016;
Verdejo-Garcia, 2018; Verdejo-Garcia, Garcia-Fernandez, et al., 2019; Volkow &
Boyle, 2018; Volkow et al., 2016). However, the translation of findings from
neurocognitive research into clinical practice and guidelines has been slow (Verdejo-
Garcia, Lorenzetti, et al., 2019). Numerous national and international initiatives have
highlighted the necessity of bridging the gap between neurocognitive research and
clinical practice, including the National Brain Health Strategy (2018-2024) (HOD,
2017), initiatives paralleling the Research Domain Criteria developed by the US
National Brain Health Strategy (Insel et al., 2010; Kwako et al., 2016; Litten et al.,
2015), the Neuroscience Interest Group of the International Society of Addiction
Medicine (Verdejo-Garcia, Lorenzetti, et al., 2019), the Norwegian competence
center for TSB (UiO, 2023) and expert clinical and research communities (Yiicel et

al., 2019).

The identification of both primary illness and coexistent cognitive or psychiatric
conditions carries significance in the understanding and tailoring of treatment for
patients with SUD (Braatveit et al., 2018b; Cardoso et al., 2016; Ciraulo et al., 2003;
Daigre et al., 2019; Dominguez-Salas et al., 2016; Morisano et al., 2014; Najt et al.,
2011; Santucci, 2012; Sofuoglu et al., 2016; Verdejo-Garcia, Garcia-Fernandez, et
al., 2019; Volkow & Blanco, 2023). However, there are major theoretical and
practical obstacles that impede the assessment of cognitive function among
individuals with SUD, and clinicians frequently must resort to short cognitive
screening instruments. Moreover, currently available and viable cognitive assessment
tools are not specifically developed for the SUD population and lack well-established

validity for assessing long-term clinically relevant treatment outcomes.
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The aim of the current PhD project is to further bridge the gap between the clinical
field of SUD treatment and the research field of neurocognition by investigating the
utility of brief cognitive assessment tools for patients with polysubstance use disorder
(pSUD). This will be achieved by examining the predictive validity of clinically well-
established cognitive screening tools as well as establishing prevalence rates of
cognitive impairment among patients with pSUD. The aspiration is that insights
gained from this project will serve as a foundation for guiding future research
endeavours aimed at refining and developing assessment protocols specifically

tailored for individuals with SUD.

1.2 Substance use disorder

1.2.1 Substance use disorder, definition and prevalence

Substance use disorder (SUD) is a pressing public health problem leading to
considerable personal suffering, excess morbidity, mortality and considerable
economic and social burden on society (Degenhardt et al., 2018; van Amsterdam et
al., 2013; World Health Organization, 2019). Compared to other mental disorders,
SUD is a leading cause of premature mortality (Whiteford et al., 2013). Globally, an
excess of 35 million people are affected by drug addiction (World Health
Organization, 2019), with annual deaths estimated to be approximately 0.5 million.
The lifetime prevalence of SUD in Norway is estimated to be 10-20% (Grenholt et
al., 2014), which is comparable to the Norwegian lifetime prevalence rates for other
common psychiatric disorders, such as major depressive disorder, specific phobia and
social anxiety (Reneflot et al., 2018). Moreover, the main causes of production loss in
Norway are due to mental disorders and SUD (Kinge et al., 2023). In 2021,
approximately 33,000 patients received treatment from the Norwegian
multidisciplinary specialized addiction health services (Tverrfaglig Spesialisert
Rusbehandling [TSB]), with 14,961 discharges from treatment (Bremnes &
Indergérd, 2022). The high prevalence rate and significant socioeconomic, health
related, interpersonal and personal consequences of SUD underscore the pressing

necessity for effective treatment options for this patient cohort. While there have been
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advances in the prevention, treatment and long-term follow-up of SUD during the last
20 years, the results from SUD treatment are still unsatisfactory, particularly among

adolescents and young adults (Belendiuk & Riggs, 2014).

SUD is nosologically categorized within the Diagnostic and Statistical Manual of
Mental Disorders, 5" Edition (DSM-5) (APA, 2013) and encompasses the categories
of substance abuse and dependence from previous DSM editions. The DSM-5 lists 11
symptoms related to loss of behavioural control, physical dependence, social
problems and hazardous use. Individuals exhibiting two to three symptoms are
considered to have a “mild” disorder, four to five symptoms constitute a “moderate”
disorder, and six or more symptoms constitute a “severe” SUD — commonly
characterized as addiction. The corresponding International Classification of Diseases
10 Revision (ICD-10) (WHO, 1992) diagnostic codes recommended by DSM-5 are
F1x.10 - harmful use for the diagnosis of mild substance use disorder and F1x.20 -
dependence syndrome for both moderate and severe substance use disorder (APA,
2013). In the International Classification of Diseases 11" Revision (WHO, 2022),
harmful substance use and dependence remain separate nosological categories with
minor modifications made to the diagnostic requirements. Participants in the research
for the current thesis met the criteria for either a diagnosis of F1x.1 harmful use or
F1x.2 dependency syndrome as delineated by the ICD-10. However, the term SUD
will be used throughout the thesis when referring to substance-related disorders as

described both by the ICD-10 and the DSM-5.

1.2.2 Polysubstance use

Polysubstance use is the consumption of more than one substance on separate
occasions (sequential use) or at the same time (concurrent use) (Crummy et al.,
2020). In this thesis, polysubstance use disorder (pSUD) refers to the use of multiple
substances as part of a pattern of problematic substance use, in which the individual
meets criteria for SUD for some, but not necessarily all substances used (Erga et al.,
2021). The majority of clinical research on SUDs has been directed towards
particular substances in isolation, with a history of polysubstance use typically

considered an exclusion criterion (Crummy et al., 2020). However, polysubstance use
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is common in both clinical and population samples (Bhalla et al., 2017; McCabe et
al., 2017) and represents up to 91% of treatment-seeking patients, who consume an
average of 3.5 substances (Onyeka et al., 2012). Moreover, polysubstance use is
frequent in patients seeking treatment for monosubstance use disorders (Brooner et
al., 1997; Choi & DiNitto, 2019; Nasreddine et al., 2005; Palamar et al., 2018;
Staines et al., 2001; Timko et al., 2018).

Patients with polysubstance use display a more severe clinical profile than patients
with monosubstance use. Polysubstance use is recognized as a growing public health
concern associated with poorer outcomes, somatic comorbidities and higher mortality
rates (Bhalla et al., 2017; Bourgault et al., 2022; Crummy et al., 2020; Timko et al.,
2018). Polysubstance use is also associated with higher recidivism rates (Hakansson
& Berglund, 2012). Compared to monosubstance users, individuals with
polysubstance use tend to be male, are younger (Bhalla et al., 2017), have an earlier
onset of substance use (Preti et al., 2011), have higher levels of psychological distress
and personality disorders (Andreas et al., 2015; Booth et al., 2010; Landheim et al.,
2003; Martinotti et al., 2009; Preti et al., 2011; Smith et al., 2011), more severe and
persistent cognitive impairments (Bourgault et al., 2022; Hadjiefthyvoulou et al.,
2012; Lewis et al., 2020; Selby & Azrin, 1998), and poorer social adjustment and
lower socioeconomic status (Bhalla et al., 2017; McCabe et al., 2017; Quek et al.,
2013). These characteristics are associated with an increased risk of treatment
dropout and relapse (Agosti et al., 1996; Andersson et al., 2018; Brorson et al., 2013;
Caldeiro et al., 2008; Daigre et al., 2019; Flynn & Brown, 2008; Simsek et al., 2019;
Stark, 1992). Thus, polysubstance use poses a considerable challenge for SUD
treatment services, the overall mental health care system, and the criminal justice
system (Andreas et al., 2015; Connor et al., 2014; Flynn & Brown, 2008; Hékansson
& Berglund, 2012; Williamson et al., 2006).

1.3 The neurocognitive substrate of SUD

The development of SUD is related to a complex interplay between biological and

environmental determinants comprising genetics, epigenetics, developmental
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attributes, neurocircuitry, social and cultural systems, stress, trauma and exposure to
alternative reinforcers (Agrawal & Lynskey, 2008; Belcher et al., 2014; Ewald et al.,
2019; Volkow & Boyle, 2018; Yiicel et al., 2007). However, neurocognitive models
addressing substance use and its association with neural dysfunction and related
cognitive deficits have received considerable attention in preclinical research and
now considered a predominant perspective in the understanding of SUD pathogenesis

(Bickel et al., 2018; Ochterbeck & Forberger, 2022; Yiicel et al., 2019).

The brain disease model of addiction conceptualizes SUD as a chronically relapsing
disorder of impulsivity and compulsivity that can be heuristically recognized as a
three-staged composite addiction cycle of binge/intoxication, withdrawal/negative
affect, and preoccupation/anticipation (craving) (Koob & Volkow, 2010; Volkow et
al., 2016). The compulsive substance intake characterizing severe SUD may be
perceived as the endpoint of a sequence of transitions spanning from initial
spontaneous or voluntary controlled use to progressive loss of control over substance-
seeking and self-administration (Everitt, 2014; Everitt & Robbins, 2005; Everitt &
Robbins, 2016; Yiicel et al., 2019). Substances impact neurocognitive functioning
directly by inducing alterations in neurochemistry and long-term plasticity in
neurocircuitry across three functional systems: the incentive salience (or reward)
system, negative emotionality (including the stress system), and the executive control
system (Koob & Le Moal, 2005; Kwako et al., 2016; Yiicel et al., 2019). Dysfunction
in these neurocognitive domains forms core functional elements of SUD and closely
maps to the stages in the addiction cycle, but is also viewed as concurrent
contributors to SUD and relapse vulnerability (Kwako et al., 2016; Ramey & Regier,
2019).

During acute intoxication, the substance stimulates increased dopamine transmission
in the mesocorticolimbic system (originating in the ventral tegmental area and
projecting to the nucleus accumbens and associated ventral striatal areas as well as
prefrontal cortex, orbito-frontal cortex and anterior cingulate). The sudden dopamine
transmission flux in the mesolimbic pathway, particularly in the nucleus accumbens

shell, drives the initial incentive salience and reward of substances that underlie cue-
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induced drug-seeking and self-administration behaviour (Berridge & Robinson, 2016;
Chiara & Bassareo, 2007; Koob & Volkow, 2016; Volkow & Boyle, 2018). Repeated
substance administration induces mesolimbic sensitization, resulting in lasting
incentive salience alterations responsible for reward sensitization and reward
prediction errors, which renders the brain motivational systems hyperreactive to
substance-related cues at the cost of reduced salience towards natural reinforcers
(Berridge & Robinson, 2016; Goldstein & Volkow, 2002, 2011; Verdejo-Garcia,
2020). Pavlovian and instrumental learning represent a key approach to
understanding the transition from voluntary to compulsive substance use. In this
context, initial substance administration is goal-directed and controlled by action—
outcome mechanisms. After prolonged exposure to substances, drug-seeking shifts to
a habitual stimulus—response behaviour that is insensitive to outcome devaluation
(Corbit et al., 2014; Everitt & Robbins, 2016; Lopez et al., 2016; Zapata et al., 2010).
The transition is neurobiologically mediated by a shift from prefrontal cortical to
striatal control over drug-seeking and drug-intake behaviour as well as a shift from

ventral to dorsal striatum activation (Everitt & Robbins, 2016; Murray et al., 2012).

As behaviour shifts from impulsivity to compulsivity, the motivation of substance-
related behaviour also shifts from positive to negative reinforcement and greater
automaticity (Antons et al., 2020; Koob & Volkow, 2016). Obstruction of prolonged
substance administration, acute or protracted, is associated with a withdrawal
syndrome that may be understood in terms of motivational aspects and better
characterized as a negative emotional state (e.g., dysphoria, increased sensitivity to
stress, depression, anhedonia, irritability and anxiety) rather than physical symptoms
of withdrawal, which are usually short-lived (Janiri et al., 2005; Koob, 2009; Koob &
Le Moal, 1997; Koob & Volkow, 2010; Volkow & Boyle, 2018). Neural circuits
underpinning the withdrawal phase comprise basal forebrain areas, including the
extended amygdala and habenula, as well as decreased activity in the
mesocorticolimbic dopamine system, and implicate neurotransmitters and
neuropeptides such as corticotropin-releasing factor, norepinephrine and dynorphin
(Batalla et al., 2017; Koob & Le Moal, 2005). In this context, it is proposed that

substance-seeking and self-administration in severe SUD is driven by negative
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reinforcement and instrumental avoidance learning by, at least transiently, removing
or avoiding negative emotional states (Koob & Le Moal, 2005; Wikler, 1973). In
addition, negative emotional states may influence habit learning by inducing
insensitivity to outcome value and altering action-oriented contingencies (Everitt &
Robbins, 2016). Koob (2008) posits that negative emotionality reflects a hedonic
homeostatic dysregulation and change in the allostatic state, i.e., a chronic deviation
of the hedonic regulatory system from its normal operation level following repeated
substance administration. This hedonic allostatic shift is hypothesized to be
underpinned by dysregulation of the reward system and recruitment of the brain stress
system, leading to long-lasting increases in both reward thresholds (hedonic
habituation and tolerance) and aversive anxiety-like responses that motivate and
increase the propensity to initiate, sustain and escalate substance administration in

efforts to maintain homeostasis.

The progressive mesolimbic sensitization, dorsolateral accumbens driven stimulus—
response habit formation, and activation of the stress system is also concurrent with a
weakening of top-down prefrontal control over striatal regions (Everitt & Robbins,
2016; Klugah-Brown et al., 2020; Koob & Volkow, 2010; Zilverstand et al., 2018).
Several dual-process theories have been proposed highlighting the role of higher-
order cognitive functions and emphasizing the interaction between bottom-up “drive”
systems (e.g., the reward system or negative emotionality) and higher-order top-down
cognitive “control” systems (Bechara, 2005; Bickel & Marsch, 2001; Bickel et al.,
2018; Goldstein & Volkow, 2011; Sofuoglu et al., 2016; Verdejo-Garcia & Bechara,
2009). The impaired Response Inhibition and Salience Attribution (iRISA) model
posits that disruptions of top-down prefrontal cortex functioning and associated
neural networks leads to attributing excessive salience to substances and substance-
related cues, reduced sensitivity to nonsubstance reinforces and reduced ability to
inhibit maladaptive or disadvantageous behaviours, e.g., substance intake (Goldstein
& Volkow, 2002, 2011). Zilverstand et al. (2018) reviewed the evidence in the
neuroimaging literature with respect to the iRISA model and identified impairment

within six large-scale brain networks (referred to as the reward, habit, salience,
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executive, memory and self-directed networks) underpinning substance cue
reactivity, decision making, inhibitory control and social emotional processing. The
identified impairments in these networks are consistent with all major theories of
SUD (Berridge & Robinson, 2016; Everitt & Robbins, 2016; Goldstein & Volkow,
2011; Koob & Volkow, 2016; Redish et al., 2008; Verdejo-Garcia & Bechara, 2009).
Crucially, as predicted by the iRISA model, the severity of SUD is associated with a
disengagement of the executive network (ventrolateral and dorsolateral prefrontal
cortex) that supports the selection of possible behavioural responses, while abstinence

and treatment upregulate it (Zilverstand et al., 2018).

1.4 Cognitive impairments and SUD

The nature and trajectories of SUD hinges on the interaction between individual-
based factors, e.g., genetics, neuroadaptation, psychopathology, and environmental
and social drivers. Cognition has been proposed to interface nature and nurture in
SUD (Verdejo-Garcia, 2020). Genetic and early environmental influences shape the
cognitive traits that dynamically interact with the environmental contexts throughout
development to determine the individual’s vulnerability or resilience to develop an
SUD (Kendler et al., 2012). Simultaneously, substance use directly and indirectly
impacts neurocognitive functioning by producing alterations in neurochemistry that
modify learning, cognitive control processes and environmental interactions (Everitt,
2014; Everitt & Robbins, 2016). Translating key notions of contemporary
neurobiological models into a cognitive framework may provide a more
comprehensive and integrative understanding of SUD and allow for the expansion of

their scope and impact (Mathews & MacLeod, 2005; Verdejo-Garcia, 2020).

Patients with SUDs often exhibit cognitive deficits that encompass domains including
processing speed, selective and sustained attention, learning and memory, emotional
processing, visuospatial and verbal abilities, executive functions, decision-making,
social cognition, and emotional control (Bates et al., 2013; Bruijnen, Dijkstra, et al.,
2019; Fernandez-Serrano et al., 2011; Rogers & Robbins, 2001; Toledo-Fernandez et

al., 2020; Verdejo-Garcia et al., 2019). Prevalence estimates of cognitive impairment



26

among SUD populations vary considerably and range from 20 — 80%, which reflects
the heterogeneity of the research populations, substance class studied, definition of
and severity of cognitive impairments, and assessment protocols, e.g., instruments
utilized and time from cessation to assessment (Bates, Bowden, et al., 2002;
Beurmanjer et al., 2022; Bruijnen, Dijkstra, et al., 2019; Copersino et al., 2009;
Fernandez-Serrano, Pérez-Garcia, Perales, et al., 2010). However, cognitive
impairments among individuals with SUD are typically more subtle than those
observed in populations with acquired brain injury (Caracuel et al., 2008).
Nonetheless, the domains of speed/attention, executive functioning and decision-
making have received particular attention as they are considered “meaningfully
associated” with relevant SUD treatment outcomes such as treatment retention,

relapse and quality of life (Verdejo-Garcia et al., 2019).

It is also extensively documented that long-term use of psychoactive substances
causes functional and structural brain alterations and subsequent cognitive
impairments in cognitive domains such as episodic memory, emotional processing,
visuospatial abilities, learning and several executive functions such as working
memory, inhibition and decision making (Fernandez-Serrano et al., 2011; Holst &
Schilt, 2011; Rogers & Robbins, 2001; Verdejo-Garcia & Pérez-Garcia, 2007; Vik et
al., 2004; Yiicel et al., 2007). Furthermore, studies show that substances may induce
both generalized and substance-specific effects on neuropsychological performance.
(Fernandez-Serrano et al., 2011; Fitzpatrick et al., 2020; Holst & Schilt, 2011;
Klugah-Brown et al., 2020; Rogers & Robbins, 2001; Verdejo-Garcia & Pérez-
Garcia, 2007). It is subsequently suggested that sequential or simultaneous use of
multiple substances may cause additive or synergetic neurocognitive effects, leading
to greater impairment among polysubstance users compared to monosubstance users

(Medina et al., 2006; Sung et al., 2013; Yiicel et al., 2007).

Sustained abstinence has been shown to be associated with volumetric brain recovery
in regions underpinning executive functions among both alcohol and cocaine users
(Connolly et al., 2013; Zou et al., 2018) and higher self-reported executive
functioning (Hadjiefthyvoulou et al., 2012; Hagen, Erga, Hagen, et al., 2017).
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Although studies show some recovery of cognitive function after substance
abstinence, neurocognitive alterations may be persistent, even after a substantial
period of time (Bates et al., 2005; Czapla et al., 2015; Fernandez-Serrano et al., 2011;
Gouzoulis-Mayfrank & Daumann, 2006b; Holst & Schilt, 2011; Vik et al., 2004;
Zhong et al., 2016). However, it is noteworthy that cognitive dysfunction does not
necessitate clinically significant impaired adaptive functioning (Abramovitch et al.,
2021; Arvidsson & Granlund, 2018; Berry et al., 2019; Bertelli et al., 2017; Braatveit
et al., 2018b; Chaytor & Schmitter-Edgecombe, 2004; Spooner & Pachana, 2006;
Tupper & Cicerone, 1990).

While a portion of the cognitive deficits associated with SUD may originate from
neuroadaptations (Klugah-Brown et al., 2020; Verdejo-Garcia, 2018) or neurotoxic
effects (Gouzoulis-Mayfrank & Daumann, 2006b; Pfefferbaum et al., 1998; Sung et
al., 2013; Yiicel et al., 2008) from the substance itself, several associated influences
may contribute to the neurocognitive impairment profile (Melugin et al., 2021;
Toledo-Fernandez et al., 2020), including head trauma (Fals-Stewart & Bates, 2003;
Marceau et al., 2016), family history of substance intake (Bates, Labouvie, et al.,
2002; Fals-Stewart & Bates, 2003), lower education (Bates, Labouvie, et al., 2002;
Braatveit et al., 2018a; Latvala et al., 2009), congenital and premorbid impairments
(Braatveit et al., 2018a; Fals-Stewart & Bates, 2003; Wilson et al., 2021; Yiicel et al.,
2007), cooccurring psychiatric disorders (Fals-Stewart & Bates, 2003; Moraleda-
Barreno et al., 2020; Paelecke-Habermann et al., 2005; Shwartz et al., 2020; Sofuoglu
et al., 2016; Yiicel et al., 2007), cerebrovascular changes (ischemic and hemorrhagic
events) or vasculitic disease (Rojas et al., 2005), hypoxia (Vik et al., 2004),
HIV/AIDS (Norman et al., 2009) and malnutrition (Choi et al., 2021; Liu et al., 2003;
Mahboub et al., 2021; Spencer et al., 2017). Thus, the cognitive impairments
observed in the SUD population may originate from a complex interplay among a

multitude of factors affecting multiple brain regions and cognitive domains.
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1.4.1 Borderline intellectual functioning

Intelligence is the aggregate or global capacity of the individual to act purposefully,
to think rationally and to deal effectively with the environment (Wechsler, 1944, p.
3). Conventional psychometric tests of intelligence typically yield an intelligence
quotient (IQ), which serves as a measure of general cognitive functioning. 1Q
conforms to a Gaussian distribution within the general population with the mean set
at 100 and a standard deviation (SD) of 15. An IQ score between one and two SDs
below the population mean (approximately an 1Q between 70 and 85) is considered
borderline intellectual functioning (BIF) and encompasses 13.6% of the general
population. Originally, the DSM (APA, 1952, 1968) recognized BIF as a mental
disorder with both intellectual and functional impairments. During revisions, BIF was
removed from the disorder chapters in DSM-III (APA, 1980) due to the general
argument that individuals with BIF do not consistently manifest reduced adaptive
skills or functional impairment (Wieland & Zitman, 2016). BIF was also considered
overinclusive as a nosological category (Ferrari, 2009). BIF is now coded in the
DSM-5 in the V-section as a condition that may have clinical implications. (APA,
2013) Correspondingly, the ICD-10 classifies BIF as R41.83, defined as a “symptom
or sign involving cognitive functions and awareness” (WHO, 1992). BIF is therefore
neither classified as a mental disorder nor typically considered a form of disability
(Ferrari, 2009). However, studies show that individuals with BIF may exhibit
difficulties in several aspects of life comparable to individuals with a diagnosis of
intellectual disability (ID) and that individuals with BIF may need targeted support
(Chen et al., 2006; Didden, 2017; Ferrari, 2009; Gigi et al., 2014; Hassiotis, 2015;
Hassiotis et al., 2008; Lim et al., 2022; Melby et al., 2020; Nouwens, Lucas,
Embregts, et al., 2017; Peltopuro et al., 2014; Snell et al., 2009).

Research has demonstrated that IQ as a model of intelligence may not adequately
capture the nature of cognitive impairments found in ID (Bertelli et al., 2017;
Greenspan, 2017). The DSM-5 has also deemphasized reliance on the IQ cut-off
score as a diagnostic criterion for and subclassification of ID (Wieland & Zitman,

2016). Consequently, emphasis has been placed on adaptive functioning for the
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diagnosis of ID. However, most studies identify BIF solely on measures of

intellectual functioning, i.e., IQ ranging between 70 and 85 (Braatveit et al., 2018b).

The lack of terminological consensus of BIF and absence in the main diagnostic
classification is reflected in the research literature where operationalization varies
widely. Studies investigating BIF typically classify BIF within mild-to-borderline
intellectual disability (MBID) with 1Q ranging between 50 and 85 (encompassing
15.8% of the general population) or treat BIF as a control group (Peltopuro et al.,
2014). The term borderline intellectual disability (BID) is also used by some to
describe individuals who meet all ICD-10/DSM-5 criteria for intellectual disability
but exhibit both intellectual and adaptive impairments between one and two SDs
below the population mean, along with concurrent evidence for childhood learning
difficulties (Braatveit et al., 2018b; Braatveit, 2018). For simplification, the term BIF
will be used throughout this thesis, reflecting the emphasis on neuropsychological test
performance when defining intellectual impairment, also when referencing literature
on BID and MBID. However, instances of terminological differences that are relevant
for the interpretation of research findings and discussion will be addressed when

pertinent.

1.4.2 Prevalence of borderline intellectual functioning

There is a scarcity of studies examining the prevalence rates of BIF in SUD
populations, with reported rates varying considerably from 3% to 39% (Braatveit et
al., 2018a; Luteijn et al., 2017; VanDerNagel et al., 2014). Prevalence data for BIF
are difficult to compare because of a lack of consensus on terminology (i.e., whether
mild intellectual disability and measures of adaptive function are included in the
definition), differences in group characteristics, level of disability, treatment settings,
comorbid psychiatric disorders, assessment procedures, and definition and scope of
substance use (Braatveit et al., 2018b; Carroll Chapman & Wu, 2012; Salvador-
Carulla et al., 2013; van Duijvenbode & VanDerNagel, 2019).
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1.4.3 Executive functioning

Executive functions refer to higher level top-down cognitive “control” processes that
regulate goal-directed behaviour and are typically associated with complex cortical
circuits that involve the prefrontal cortex and related regional neural networks
(Friedman & Miyake, 2017; Friedman & Robbins, 2022). Executive functions are
influenced by different internal and environmental factors, such as sleep, mood, and
stress. As a result, the ability to regulate behaviour varies across situations and time
(McKinney et al., 2020). Executive functions are sometimes considered separate from
cognitive functions. Although distinct, several executive processes, e.g., working
memory, inhibitory control, and cognitive flexibility, and neural systems are
mobilized in response to complex task demands (Collette et al., 2005). Executive
functions are also significant contributors to the so-called g-factor, which comprises
cognitive capacities associated with fluid intelligence such as reasoning, problem-
solving, and planning (Ardila, 2018; Arffa, 2007; Bertelli et al., 2017; Friedman et
al., 2006; Valls-Serrano et al., 2016). Several studies have highlighted impaired
executive functions as key risk factors for the initiation of substance use, while also
impacting the pathogenesis and treatment trajectory of SUD by compromising the
regulation of attention, thought, emotions, and behaviour (Balconi et al., 2022; Blume
& Alan Marlatt, 2009; Diamond, 2013; Dominguez-Salas et al., 2016; Hofmann et
al., 2012; Jordan & Andersen, 2017; Kréplin et al., 2022; Volkow & Boyle, 2018;
Wilson et al., 2021; Zilverstand et al., 2018). Furthermore, substance intake is
associated with impaired executive functions. The extent to which substances impair
executive functioning is influenced by factors such as the type of substance,
substance combinations, dosage, duration of use and debut age (Bjork et al., 2022;
Fernandez-Serrano, Pérez-Garcia, Schmidt Rio-Valle, et al., 2010; Fernandez-Serrano
et al., 2011; Hadjiefthyvoulou et al., 2012; Lopes et al., 2017; Verdejo-Garcia et al.,
2005). Impaired executive functioning, and in particular processes related to the
cross-temporal organization of behaviour, is also considered a key transdiagnostic
component in SUD (Kwako et al., 2016). The prevalence of mild executive
dysfunction among treatment-seeking patients enrolled in a therapeutic community

has been estimated to be between 70% for pSUD and 80% for alcohol mono-users.
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However, this frequency dropped to 35% and 40%, respectively, when applying
stricter criteria. Furthermore, working memory exhibited the highest impairment
prevalence among the executive components analysed in both groups (Fernandez-
Serrano, Pérez-Garcia, Perales, et al., 2010). Others have found impaired executive
impairments in the range of 45—63% among treatment-seeking patients with an SUD

(McKowen et al., 2017; Verdejo-Garcia et al., 2005).

1.5 Cognition and SUD vulnerability in a developmental
perspective

Cognitive disruptions may significantly contribute to the initiation, misuse and
maintenance of substance use in SUD. Executive function deficits (e.g., heightened
impulsivity) and novelty seeking are characteristics of normative adolescent
development, partly due to differential development in neural circuits involved in
reward processing relative to top-down control systems during that developmental
period (Casey et al., 2008; Hester et al., 2010; Rose et al., 2019). The adolescent
propensity for risk-taking behaviour is reflected by the fact that alcohol and illicit
substance use is typically initiated mid-adolescence (Kelly et al., 2019; Pedersen &

Skrondal, 1998).

Children and adolescents with poor impulse inhibition, externalizing disorders and
attention-deficit hyperactivity disorder display neurocognitive characteristics
including even higher impulsivity and reward sensitivity. These adolescents are more
prone to engage in risk-taking behaviour compared to peers and represent subgroups
with an augmented risk for later substance use and lifetime SUD (Elkins et al., 2007;
Nigg et al., 2006; Rose et al., 2019; Squeglia et al., 2014). Furthermore, substance use
during early adolescence interferes with neurodevelopment in a critical period for
brain maturation, including the refinement of connectivity in the prefrontal cortex, to
induce long-term neurocognitive changes that further exacerbate lifetime SUD risk
(Crews et al., 2007; Hanson et al., 2011; Jordan & Andersen, 2017; Lisdahl, 2013;
Lubman & Yiicel, 2008; Salmanzadeh et al., 2020). However, executive functioning

may play a more significant role in driving externalizing behaviour and leading to a
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continuing loss of control over substance use in young adults with mild to moderate
SUD, rather than being a vulnerability factor for SUD, which may be secondary and

occurs after a prolonged period of hazardous use (Kréplin et al., 2022).

Studies investigating the relationship between childhood IQ and later substance use
have produced mixed results. Adolescents with BIF may be more likely to use
substances and to be at a higher risk for developing SUD than their average 1Q peers
(Gigi et al., 2014; van Duijvenbode & VanDerNagel, 2019). However, high
childhood IQ may also increase the risk of substance use in later life, particularly
among women (White & Batty, 2011). Early cannabis use debut age is associated
with impaired executive functioning (Jacobus et al., 2015) but not reduced 1Q
(Jackson et al., 2016). One possible pathway, at least in the case of cannabis use, is
that high 1Q is associated with traits for sensation seeking (Raine et al., 2002) and
openness to experience (Furnham & Cheng, 2016) and that these traits are associated
with substance use (Barnum & Armstrong, 2019; Erevik et al., 2017; Terracciano et

al., 2008).

1.6 Substance use and mental health

Findings from multiple epidemiological and clinical studies demonstrate a general
cooccurrence between SUDs and mental illness, such as mood and anxiety disorders,
attention-deficit hyperactivity disorder, psychosis, personality disorders as well as
suicidality and general psychological distress (Andreas et al., 2015; Brady et al.,
2013; Compton et al., 2007; Conway et al., 2006; De Alwis et al., 2014; Erga et al.,
2021; Grant et al., 2004; Hjemsaeter et al., 2020; Langas et al., 2012b; Magidson et
al., 2012; Merikangas et al., 1998; Morisano et al., 2014; Pennay et al., 2011; Ross &
Peselow, 2012; Torrens et al., 2011). Moreover, individuals with polysubstance use
exhibit higher levels of psychological distress and personality disorders compared to
mono substance users (Andreas et al., 2015; Booth et al., 2010; Landheim et al.,
2003; Martinotti et al., 2009; Preti et al., 2011; Smith et al., 2011). Overall,
epidemiological studies indicate that approximately 50% of those with an SUD also

have one or more comorbid mental disorders (Kessler et al., 1996). Among adults
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receiving treatment from mental health care services, 30-50% have a comorbid
substance use disorder (Sheidow et al., 2012; Toftdahl et al., 2016). The prevalence
estimate of any mental illness among patients in SUD treatment settings is between
40-90% (Landheim et al., 2003; Verheul et al., 2000). A Norwegian study found that
approximately 90% of patients receiving care from either an SUD or psychiatric
service had a comorbid SUD and lifetime mental illness (Langés et al., 2012).
Conversely, sustained cessation, reduction of substances used, and abstinence from
specific substanes are associated with a decrease in psychological distress and
symptom alleviation (Andreas et al., 2015; Bahorik et al., 2016; Booth et al., 2010;
Deng et al., 2012; Erga et al., 2021; Hagen, Erga, Nesvég, et al., 2017). Despite
efforts to clarify the causal mechanisms underlying the observed associations
between SUDs and other mental health disorders, the nature and directionality of the
association remains a significant challenge to researchers (Langés et al., 2012b;
Morisano et al., 2014; Quello et al., 2005; Santucci, 2012). It has been proposed that
substance intake itself is a risk factor for or can exacerbate mental disorders (Andreas
etal., 2015; Ross & Peselow, 2012; Swendsen et al., 2010). Mental disorders may
also precipitate SUD (Bakken et al., 2003; Langas et al., 2012b). However, both SUD
and mental disorders may be secondary to common risk factors (Santucci, 2012).
Evidence also suggests a reciprocal influence between SUD and mental disorders in
which having one increases vulnerability to develop the second or changes its clinical
trajectory (Flérez-Salamanca et al., 2013; Morisano et al., 2014), including worsening
treatment outcomes, craving intensity and relapse vulnerability (Clarke et al., 2009;
Engel et al., 2016; Fatseas et al., 2018; Glasner-Edwards et al., 2010; Grella et al.,
2001; Najt et al., 2011). Furthermore, negative emotionality is also understood as an
integral transdiagnostic feature of SUD (Koob, 2009; Kwako et al., 2016) and is
assessed by clinical inventories of depression, anxiety and anger (Kwako et al., 2019;

Nieto & Ray, 2022; Votaw et al., 2020).
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1.7 Cognition and mental health

Cognitive functions represent intermediate phenotypes that can be linked to
disruptions of neural circuitry and functioning in psychiatric disorders (Goschke,
2014; Morris & Cuthbert, 2012; Nolen-Hoeksema & Watkins, 2011). Specific
deficits in executive functioning and discrete neurocognitive domains are manifested
in both psychological distress and several psychopathological conditions, such as
psychosis, mood and anxiety disorders, attention-deficit hyperactivity disorders and
personality disorders, as well as suicidality (Burton et al., 2022; Diamond, 2013;
Garcia-Villamisar et al., 2017; Hoijer et al., 2020; Kim et al., 2018; Marazziti et al.,
2010; Millan et al., 2012; Nolen-Hoeksema & Watkins, 2011; Wood et al., 2019).
Elevated levels of psychological distress are also associated with poorer IQ (Hoijer et
al., 2020; Keyes et al., 2017; Teasdale & Antal, 2016). Cognitive impairments are
strongly related to disability in depression and schizophrenia and affect quality of life
and effectiveness of therapy regardless of illness (Clarke et al., 2009; Kim et al.,
2018; Millan et al., 2012; Van Rheenen et al., 2019). Cognitive dysfunction may also
be present in several ostensibly remitted patient groups and suggests that such
impairments could have a trait character (Millan et al., 2012; Paelecke-Habermann et
al., 2005; Sofuoglu et al., 2016). Cognitive impairments may indeed serve as a
transdiagnostic dimension in all psychopathologies, including SUDs (Abramovitch et
al., 2021; Burton et al., 2022; Kwako et al., 2016; Yiicel et al., 2007). Dual diagnosis
may constitute an added risk for cognitive impairment among patients with SUD.
Levy et al. (2008) found more severe executive functioning impairment among
patients with a dual diagnosis of comorbid bipolar disorder and SUD compared to
those without SUD. Conversely, executive functioning in patients with comorbid
personality disorder and SUD may be comparable to those with a single diagnosis
(Moraleda-Barreno et al., 2020). However, the relationship between mental illness
and neuropsychological test performance might be mediated by factors other than
latent cognitive functioning. Moritz et al. (2017) suggested that neuropsychological
performance impairments among patients with depression were largely attributed to

lower performance motivation and more negative momentary influences. Others have
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demonstrated that motor abnormalities among patients with depression may influence

task performance (Lohr et al., 2013; Tsourtos et al., 2002).

Some neurocognitive abilities, including executive functions, may be altered by
existing psychological interventions, such as mentalization-based treatment,
originally developed to promote intra- and interpersonal functioning (Thomsen et al.,
2017). Several researchers have advocated for the assessment of cognitive
functioning as a crucial target in treatment planning and suggested that the
implementation of cognitive remediation therapies may serve as a promising
intervention strategy for addressing psychopathology and dual diagnosis (Goschke,
2014; Kim et al., 2018; McGurk, 2016; Morris & Cuthbert, 2012; Nolen-Hoeksema
& Watkins, 2011; Sofuoglu et al., 2016; Van Rheenen et al., 2019).

1.8 Cognition and SUD treatment

Benefiting from SUD treatment programs and achieving SUD recovery involves
several prerequisite cognitive functions, including attention, memory, verbal skills,
problem solving, and abstract reasoning. Cognitive deficits may produce loss of
cognitive and behavioural flexibility and compromise the capacity to assimilate and
engage in treatment programmes that often are cognitive taxing and typically place a
strong emphasis on educative and cognitive interventions (Aharonovich, Brooks, et
al., 2008; Bates et al., 2013; Desfosses et al., 2014; Fernandez-Serrano, Pérez-Garcia,
Perales, et al., 2010, Stevens et al., 2014; Teichner et al., 2002). Indeed, research
repeatedly demonstrates that cognitive impairments are associated with poorer SUD
treatment outcomes and negatively impact treatment processes and therapeutic
change mechanisms, including recognition of problem use (Rinn et al., 2002;
Severtson et al., 2010), treatment adherence (Bates et al., 20006), outpatient therapy
attendance (Copersino et al., 2012), aftercare attendance (Smith & McCrady, 1991)
drop-out rate (Aharonovich et al., 2006; Brorson et al., 2013; McKellar, Kelly, et al.,
2006; Steele et al., 2014; Streeter et al., 2008; Semhovd et al., 2019), relapse
proneness (Barreno et al., 2019; Beurmanjer et al., 2022; Braatveit et al., 2018b;

Czapla et al., 2015; Hagen, Erga, Hagen, et al., 2017), self-efficacy (Bates et al.,
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2006; Worley et al., 2014), disposition to change and desire for help (Blume & Alan
Marlatt, 2009; Le Berre et al., 2012; Luteijn et al., 2017), treatment motivation (Katz
et al., 2005), procrastination and productivity (Day et al., 2013) and commitment
language (Aharonovich, Amrhein, et al., 2008). Conversely, protracted abstinence
promotes the recovery of cognitive functions, which subsequently may reduce the
risk of relapse (Hagen, Erga, Hagen, et al., 2017; Rolland et al., 2019; Rubenis et al.,
2019; Stevens et al., 2014). Moreover, impaired executive functioning is also linked
to worse treatment responsiveness in potential comorbid psychopathologies, such as
depression (Groves et al., 2018) and obsessive—compulsive disorder (D'Alcante et al.,
2012), which in turn may increase the risk of dropout (Andersson et al., 2018;
Krawczyk et al., 2017) and relapse (Andersson et al., 2023; Lauvsnes et al., 2022).

The predictors of treatment dropout or early relapse may differ from the predictors of
long-term outcomes. Although cognitive impairments have been linked to worse
outcomes from SUD treatment episodes, studies rarely exceed 12 months, and the
ultralong-term outcome trajectories of patients with cognitive impairments are largely
unknown. Treatment retention, considered a crucial predictor of SUD recovery, poses
a considerable challenge in SUD treatment (Brorson et al., 2013; De Leon &
Jainchill, 1986; Stark, 1992). However, remission with or without abstinence and
treatment is common (Dawson et al., 2005; Tucker et al., 2020). Moreover, some
studies have found a disconnect between treatment retention and substance use
outcomes among patients with cognitive impairments (Aharonovich, Brooks, et al.,
2008; McKellar, Harris, et al., 2006). According to McKellar, Harris, et al. (2006),
cognitive impairment was a predictor of treatment dropout among patients with an

SUD, but it did not predict substance use five years after dropout.

Recovery pathways between patients with and without cognitive impairment may
differ. Informal treatment processes and social structures may take on increased
salience in determining behavioural, psychosocial, emotional and vocational
outcomes among patients with cognitive impairments (Bates et al., 2006; Buckman et
al., 2008). Individuals with impaired intellectual functioning may also experience

access barriers to substance abuse treatment (Gosens et al., 2021; VanDerNagel et al.,
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2018). Compared to those with mental health issues in the general population, they
are also more likely to be treated with psychotropic medications and less likely to

receive psychotherapy (Hassiotis et al., 2008; Wieland et al., 2014).

1.9 Neuropsychological assessment

1.9.1 Ecological validity

After the advent of computerized tomography, the role of neuropsychology shifted
from detecting and localizing brain damage to obtaining quantitative descriptions of
the patients’ cognitive status (Chaytor & Schmitter-Edgecombe, 2004; Farah, 1994).
Additionally, emphasis was directed towards describing the implications of
neuropsychological test results and utilizing this understanding to predict everyday
functioning or life outcomes and to inform treatment planning (Kibby et al., 1998;
Ruff, 2003; Spooner & Pachana, 2006). The term “ecological validity” refers to the
extent to which the results of neuropsychological tests or research findings can be
generalized to behaviours observed in a naturalistic environment (Andrade, 2018;
Tupper & Cicerone, 1990). Conceptually, two approaches have been employed to
establish ecological validity: verisimilitude and veridicality (Chaytor & Schmitter-
Edgecombe, 2004; Drew Gouvier et al., 2010; Zimmerman, 2011). Versimilitude is
related to construct and face validity and concerns the extent to which tasks
performed during testing resemble real-life tasks. Veridicality is related to the
constructs of concurrent validity and predictive validity and pertains to the empirical
accuracy in predicting one or more environmental behaviour outcomes (Drew
Gouvier et al., 2010; Franzen & Wilhelm, 1996). Consensus concerning the
magnitude of the relationship between test results and outcome measures for the
purpose of establishing ecological validity is lacking (Chaytor & Schmitter-
Edgecombe, 2004). Nevertheless, within psychological research, correlations of .10,
.30, and .50 are conventional benchmarks for “small”, “medium” and “large” effects
(Hemphill, 2003). Although some neuropsychological test results may moderately be
related to everyday performance, much of the behavioural variance is unaccounted

for (Chaytor & Schmitter-Edgecombe, 2004). Irrespective of the chosen approach to
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establish ecological validity in SUD research (be it verisimilitude, veridicality, or a
combination), decisions must be made pertaining to the selection of the criterion
variable or outcome behaviour that should be associated with the neuropsychological
test results and cognitive constructs. The selected outcomes must be pertinent to the
individuals’ ecological context and aligned with both the patients’ goals and the
treatment services’ mandate. At a minimum, the justification of incorporating
neurocognitive testing in SUD research and clinical practice lies in its capacity to
predict target behaviour that may hold clinical, personal or relational significance in
the patients’ recovery process (Bjornestad et al., 2020; Donovan et al., 2012; Tiffany
etal., 2012).

1.9.2 Neuropsychological assessment SUD

The main challenge to neuropsychological assessment of patients with an SUD in
both research and clinical practice is posed by the interaction between neurocognitive
measures and substance use. The accuracy of neuropsychological measures may be
contaminated by potential substance withdrawal and acute effects from psychoactive
substances (Manning et al., 2008; Miller, 1985). Furthermore, the varying duration
between substance cessation and neuropsychological measurements in studies makes
it challenging to compare research results (Fernandez-Serrano, Pérez-Garcia, Perales,
et al., 2010). Polysubstance use is also prevalent in both clinical and population
samples (Bhalla et al., 2017; Brooner et al., 1997; Choi & DiNitto, 2019; McCabe et
al., 2017; Onyeka et al., 2012; Palamar et al., 2018; Staines et al., 2001; Timko et al.,
2018) and has synergetic or additive neurocognitive sequelae. Conversely, some
substances may even mask or protect against neurocognitive sequelae of other
substances (Fernandez-Serrano et al., 2011). Indeed, some have hypothesized that
cannabinoids have neuroprotective properties that may preserve cognition in users of
MDMA (Gouzoulis-Mayfrank & Daumann, 2006a) and methamphetamine (Gonzalez
et al., 2004). Hence, isolating the impact of an individual substance on
neuropsychological test performance proves challenging, and generalizing findings
becomes problematic (Fals-Stewart & Bates, 2003). The potential pervasive cognitive
impairment resulting from substance intake, coupled with the absence of data on

premorbid cognitive functioning, poses a challenge in accurately differentiating
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between premorbid characteristics and substance-related neurocognitive sequelae.
Additionally, researchers frequently have to rely on proximal variables to infer
premorbid cognitive abilities, such as self-reported learning difficulties or education
attainment (Braatveit et al., 2018a). Furthermore, cognitive functioning may
gradually improve spontaneously after cessation or reduction of substance intake,
potentially diminishing the predictive value of the neuropsychological test results

(Bates et al., 2013; Hagen, Erga, Hagen, et al., 2017; Hanson et al., 2010).

The impact of SUD, cognitive impairments and contextual factors, e.g., stigma, on
the individual’s adaptive function compounds methodological challenges. Concerns
have been raised regarding the capacity of individuals with cognitive impairments to
provide meaningful consent to participate in research (Smith et al., 2006). There are
also theoretical concerns regarding the accuracy of the data obtained from subjects
with SUD or cognitive dysfunction, e.g., problems with recollection, problem-denial
or social desirable report styles (Ann Stoddard Dare & Derigne, 2010; Blume & Alan
Marlatt, 2009; Dillon et al., 2005; Hindin et al., 1994; Smith et al., 2006;
VanDerNagel et al., 2017). There are also limitations to how many tests that can be
conducted, as overly exhaustive or time-consuming test batteries that cover all
relevant cognitive domains can result in a loss of motivation to participate. This issue
may be particularly relevant in studies with inaccessible clinical populations, such as
individuals with SUD, who may lead unstable lifestyles and exhibit fluctuating
motivation (Svendsen et al., 2021). Furthermore, the innate lifestyle for several
patients with an SUD poses a multitude of practical obstacles to data acquisition and
study retention, such as difficulties tracking down participants due to frequent

changes in telephone number or address (Smith et al., 2006; Svendsen et al., 2017).

1.9.3 Cognitive assessment in a clinical context

The assessment of cognitive impairment within the SUD population has primarily
been confined to research endeavours rather than a component of routine clinical
practice (Berry, Shores, Nardo, et al., 2021). Nevertheless, efforts have been made to
implement neuropsychological assessment and intervention practices informed by

neuroscience-based approaches into the realm of SUD treatment (Berry, Shores,
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Nardo, et al., 2021; Kwako et al., 2016; Oslo University Hospital, 2021a, 2021b,
2021c; Verdejo-Garcia et al., 2019). Although accurate identification of cognitive
impairment may be key to enabling informed and personalized treatment, identifying
such impairments poses a challenge in a clinical SUD treatment context. Cognitive
decrements may be subtle and gradually, leaving the patient unaware of particular
alterations in their cognitive functioning, especially if they have been present for an
extended period of time (Hanson et al., 2011). Moreover, there may be discrepancies
between performance on neuropsychological tests and the therapist’s clinical
evaluation of neurocognitive status (Fals-Stewart, 1997). Performance on cognitive
screening tests and self-reported cognitive functioning may not provide an accurate
indicator of neurocognitive status but rather reflect psychological distress (Hagen et
al., 2019; Shelton & Parsons, 1987; Shwartz et al., 2020; Verdejo-Garcia & Pérez-
Garcia, 2008). Moreover, symptoms of PTSD among patients with comorbid SUD
may negatively alter the criterion validity of cognitive screening instruments (Kutash
et al., 2023). Although a comprehensive neuropsychological assessment represents
the gold standard, it is rarely a viable option due to time constraints and the
availability of personnel with adequate neuropsychological training. The patient may
also exhibit variable motivation, attendance, acute intoxication or substance
withdrawal that impede assessment efforts. Consequently, clinicians are typically
forced to rely on short screening instruments measuring broad cognitive domains.
However, the criterion-related validity of such instruments, i.e., the veridicality-
approach to ecological validity in terms of long-term clinically relevant outcomes in

patients with an SUD, is not well established (Ko et al., 2021).

1.10 Aims and research questions

The main aim of this PhD project was to improve the knowledge on cognitive
functioning, substance intake and psychological distress among patients with a
pSUD. This includes establishing and comparing prevalence rates derived from
clinically viable short cognitive assessment instruments and examining the

instruments’ ability to predict ultralong-term clinically relevant SUD treatment
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outcome variables. Paper I aimed to examine the prevalence rate and demographic
and clinical features of patients with a pSUD and cooccurring BIF. The main aim of
Paper II was to investigate the predictive value of measures from common cognitive
screening instruments on long-term substance use among patients with pSUD. Paper
IIT aimed to investigate the predictive value of measures from common cognitive
screening instruments on long-term psychological distress and interactions between
substance use, cognitive impairment and psychological distress among patients with

pSUD.
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2. Methods

2.1 Design

The project used a prospective longitudinal cohort design. All data were obtained
from the Norwegian Stavanger Study of Trajectories of Addiction (STAYER)
examining neurocognitive, psychological and social recovery in patients with SUD

(Helse Stavanger HF, 2023).

2.2 Procedure

The STAYER project aimed to ensure high retention rate and validity by
implementing effective tracking strategies and participants engagement (Svendsen et
al., 2017). Two research assistants were enlisted with the primary objective to track
participants and conducting assessments. Each participant was assigned a primary
research assistant throughout the project to ensure continuity and establish a working
alliance. To ensure engagement in the study project, SMS-messages were delivered
on special events relevant to the participants and they were also required to report
their treatment status and substance intake at biweekly SMS follow-ups. Flexible
visitation strategies were established which enabled follow-ups outside traditional
office hours and in weekends. Additionally, ambulatory follow-up and assessment per
telecommunication was offered. A comprehensive list of contact information for the
participants was compiled and frequently updated. This list included contact
information of friends, relatives, and other relevant individuals. Scheduling was done
during the current follow-up with the use of SMS or telephone reminder one day prior
to the next follow-up. In addition, communication strategies were employed to brand
the study and ensuring high degree of community involvement from user

organization, collaborating clinics and private organizations.

The participants were assessed irrespective of their treatment status or abstinence
from substances over time. The baseline assessment in the STAYER project

employed 16 instruments and self-report forms, while the quarterly and annual
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assessments employed 8 and 14 instruments, respectively. The duration of
assessments was between 45 to 250 minutes. Some participants reported strain from
this examination schedule. Therefore, the volume of assessment inventories and
assessment frequencies was reduced during the study progression to ensure study

retention. In addition, biweekly monitoring SMS messages was delivered.

2.3 Study population

A total of 208 patients with SUD were recruited at convenience across 10 outpatient
and residential enrolment sites within the specialized SUD treatment services in the
Stavanger University Hospital catchment area between March 2012 and January
2016. To be eligible for treatment within the Norwegian specialized SUD treatment
services, patients must meet the criteria for either a diagnosis of F1x.1 harmful use,
F1x.2 dependency syndrome, or F63.0 pathological gambling as defined by the ICD-
10 (World Health Organization, 1992). The inclusion criteria were a) patients
enrolled in the treatment program within the specialized substance use treatment
service to which they were admitted for at least two weeks; b) patients who met the
diagnostic criteria for F1x.1 or F1x.2; c) patients over 16 years of age; d) patients
who reported polysubstance use defined as the consumption of multiple substances
within the last year before inclusion; and e) signed a written informed consent.
Among the 208 patients in the STAYER cohort, 44 patients were excluded because of
monosubstance use (alcohol N = 35, cannabis N = 1) or lack of substance-related
disorders, e.g., gambling N = 8. The remaining sample of patients with pSUD
comprised 164 participants. For Paper I, we additionally excluded one case because
of missing IQ scores and one case because of an IQ score < 70; thus, the remaining
sample in that study comprised 162 individuals. Papers II and III also utilized the
pSUD cohort comprising 164 participants. Some participants had missing or invalid
data for one or two cognitive measures. However, we opted not to exclude cases

listwise to obtain optimal statistical power.

Baseline assessments were performed after a minimum of two weeks of self-reported

abstinence to minimize contamination from drug withdrawal and the acute neurotoxic
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effects from substances (Manning et al., 2008; Miller, 1985). Participants were
compensated approximately NOK 400 for their participation. Data collection was
carried out by trained research personnel from the STAYER research group, and
clinicians treating the participants were naive to the assessment results obtained in the

current study.

2.4 Instruments and study variables

See Table 1 for an overview of all the instruments and variables used in the three
papers. We used a preliminary version of the semistructured interview National
Quality Register for Substance Abuse (KVARUS) (Center for Alcohol & Drug
Research Helse Vest, 2018) to obtain demographic variables, substance
administration, debut age, treatment and work history, vocational, and social

adjustment.

2.4.1 Wechsler Abbreviated Scale of Intelligence

We employed the Norwegian version of the Wechsler Abbreviated Scale of
Intelligence (WASI) in all papers to evaluate intellectual function (Brager-Larsen et
al., 2001; Wechsler, 1999). The WASI was developed to provide a brief and reliable
estimate of intellectual functioning. The test consists of four subtests. Two of these
subtests are verbal measures of crystallized intelligence (Vocabulary and
Similarities), which yield a Verbal Intelligence Quotient (VIQ), while the other two
subtests are nonverbal measures of fluid intelligence (Block Design and Matrix
Reasoning), which yield a Performance Intelligence Quotient (PIQ). In Paper I,
participants with a full-scale 1Q (FSIQ) score on the WASI between 70 and 85 were
classified as having BIF. In Paper II and Paper IlI, participants with an FSIQ score of
< 86 were defined as cognitively impaired, while those scoring > 86 were classified

as nonimpaired.

2.4.2 The Montreal Cognitive Assessment
We employed the Montreal Cognitive Assessment® (MoCA®) in Papers II and III to

provide an overall measure of cognitive function by sampling behaviour across 14
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performance tasks that engage aspects of attention, orientation, language, visuospatial
abilities, executive function, and memory (Nasreddine et al., 2005). MoCA® is
scored in integers with a total range of 0 to 30 and adjusted by +1 point if the test
subject has less than 13 years of education. At a sum-score equal to or below 25,
MoCA® has demonstrated high sensitivity and acceptable specificity in detecting
mild cognitive impairment (Nasreddine et al., 2005). Furthermore, MoCA® has
demonstrated good test-retest reliability and internal consistency, as well as
sensitivity in detecting mild cognitive impairment in patients with SUD using this

cut-off value (Copersino et al., 2009; Ko et al., 2021).

2.4.3 Behavior Rating Inventory of Executive Function - Adult
version

We utilized the self-report questionnaire Behaviour Rating Inventory of Executive
Function - Adult version (BRIEF-A) (Roth et al., 2005; Roth et al., 2013) in Papers II
and III to assess executive functioning in real-life scenarios. The BRIEF-A yields
nine subscales and three composite scores. The Behavioral Regulation Index (BRI)
comprises the subscales inhibit, shift, self-monitor and emotional control. The
subscales initiate, plan/organize, working memory, organization of materials, and
task-monitor compose the Metacognition Index (MI). The BRI and MI can be merged
to produce the overall Global Executive Composite (GEC). We applied the BRIEF-A
cut-off scores, age norms and validation criteria proposed by the original authors
(Roth et al., 2005). A t-score of > 65 on the GEC was used to identify participants

with cognitive impairment.

2.4.4 Symptom Checklist 90-Revised

We utilized the Norwegian version of Symptom Checklist 90-Revised (SCL-90-R)
(Derogatis, 1994) in Papers I and III to assess psychological symptoms and distress.
The SCL-90-R is a 90-item self-report measure widely used in clinical practice and
research. The norms of the Norwegian version of SCL-90-R are derived from the
general Norwegian population. SCL-90-R has been validated for patients with SUD
as well as individuals with intellectual disability (Bergly et al., 2013; Kellett et al.,

1999). Respondents rate each item on a five-point Likert scale, reflecting the level of
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distress experienced in the past seven days, ranging from 0 (not at all) to 4 (severely).
The checklist yields nine symptom dimension subscales: Somatization, Obsessive—
Compulsive Disorder, Interpersonal Sensitivity, Depression, Anxiety, Hostility,
Phobic Anxiety, Paranoid Ideation, and Psychoticism, as well as a Global Severity
Index (GSI), which was utilized as a measure of overall psychological distress. For
Paper 111, we also defined “caseness”, i.e., a self-reported level of psychological
distress that warrants further assessment, as a GSI standardized t score > 63 or t score

> 63 on two or more symptom scales (Derogatis, 1994).

2.4.5 Satisfaction With Life Scale

We employed the Satisfaction With Life Scale (SWLS) (Diener et al., 1985) in Paper
I to measure life satisfaction. The SWLS is a self-report questionnaire containing five
items with a Likert-type format ranging from 1-strongly disagree to 7-strongly agree.
A score of 20 represents a neutral point on the scale, while scores between 5 and 9
indicate dissatisfaction with life, and scores ranging between 31 and 35 indicate a
high degree of life satisfaction (Pavot & Diener, 2008). SWLS has demonstrated
robust psychometric characteristics (Pavot & Diener, 2008) and has also been
validated for individuals with intellectual disability (Lucas-Carrasco & Salvador-

Carulla, 2012).

2.4.6 The Drug Use Identification Test

The Drug Use Identification Test (DUDIT) is a self-report screening tool to assess
substance consumption, substance behaviours, and substance-related problems
(Voluse et al., 2012). It comprises 11 items that are reported on a five-point Likert
scale ranging from “never” to “four or more times a week”. For Paper II and Paper
11, we used the four consumption items from the DUDIT (DUDIT-C) to gauge
substance intake (Berman et al., 2015) and the DUDIT-C continuous scores when
investigating the association between substance intake and cognitive performance. In
paper II, we also defined two substance intake categories: total abstinence (DUDIT-C
score = 0) and heavy substance use (DUDIT-C score > 7). In the original DUDIT
protocol, subjects reported substance use past 12 month; however, in Paper I and

Paper III. participants reported substance use within the previous four months.
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Table 1. Variables and instruments employed in the three papers.

Variable Instrument
Paper [ FSIQ (Cognitive status) WASI
GSI SCL-90-R
Life satisfaction SWLS
Age KVARUS
Gender KVARUS
Income from work or meaningful daily activity KVARUS
Work experience KVARUS
Education KVARUS
Treatment attempts KVARUS
In/out patient KVARUS
Debut age KVARUS
Years of substance use KVARUS
Lifetime injection KVARUS
Paper II
FSIQ (Cognitive status) WASI
GEC (Cognitive status) BRIEF-A
Sum score (Cognitive status) MoCA®




48

Substance use (DUDIT consumption items) DUDIT
Age KVARUS
Gender KVARUS
Paper III
FSIQ (Cognitive status) WASI
GEC (Cognitive status) BRIEF-A
Sum score (Cognitive status) MoCA®
GSI, Caseness SCL-90-R
Substance use (DUDIT consumption items) DUDUT
Age KVARUS
Gender KVARUS

BRIEF-A: Behavior Rating Inventory of Executive Functioning — Adult version;
DUDIT: The Drug Use Identification Test; GEC: Global Executive Composite; GSI:
Global Severity Index; FSIQ: Full Scale 1Q; KVARUS: National Quality Register for
Substance Abuse; MoCA®: Montreal Cognitive Assessment; SCL-90-R: Symptom
Checklist 90-Revised; SWLS: Satisfaction With Life Scale WASI: Wechsler
Abbreviated Scale of Intelligence

2.5 Statistical method

In Paper I, we conducted a frequency analysis for the BIF and non-BIF groups. To
compare between-group means, we performed independent-sample t-tests, while the
chi-squared test of independence was used to determine group associations for the

categorical variables. We also performed a post hoc analysis to explore the
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association between BIF and SCL-90-R GSI scores by conducting a multiple
regression analysis (forward selection) with SCL-90-R GSI score as the dependent
variable and BIF status, age, gender, years of education, age of onset of substance

use, history of injecting drugs, and SWLS sum score as independent variables.

In paper 11, Mann—Whitney U tests were performed to evaluate between-group
differences, and the chi-squared test of independence was used to analyse group
differences for the categorical variables. To address multiple comparisons,
Bonferroni-adjusted p-values were utilized to determine the statistical significance of
study dropout and outcome variables of abstinence and heavy use at the one- and
five-year follow-ups. We conducted logistic regression analyses with abstinence and
heavy use at the follow-ups as the dependent variables and cognitive impairment
defined according to the specific cognitive screening tool (MoCA®, WASI, or
BRIEF-A), age and gender as predictors.

In paper 111, Mann—Whitney U tests were performed to evaluate between-group
differences, and the chi-squared test of independence was used to analyse group
differences for the categorical variables. We conducted three-step hierarchical logistic
regression analyses with SCL-90-R caseness at the one- and five-year follow-ups as
the dependent variable and cognitive impairment defined according to the specific
cognitive screening instrument (MoCA®, WASI, or BRIEF-A) as predictor in block
1, DUDIT-C score from the corresponding time point of interest in block 2 and
baseline SCL-90-R GSI in block 3. We also used Nagelkerke’s R2 to measure the

goodness of fit of the logistic regression models.

2.6 Ethics

This study protocol was reviewed and approved by the Regional Ethics Committee
West, University of Bergen, approval reference REK 2011/1877. The research was
conducted according to its guidelines and those of the Helsinki Declaration (1975).
All participants gave written informed consent. The STAYER project emphasized

end user involvement and was initiated in partnership with end user organizations.
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Participants are also invited to annual information meetings where they are updated
on project developments from initiation to 2020. Due to the COVID-19 pandemic,

these meetings were suspended until March 2023.
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3. Results

3.1 Paper I: Prevalence and characteristics of BIF

Paper I examined the prevalence rate and demographic and clinical features of
patients with a pSUD and cooccurring BIF. Among the participants included in the
analysis, frequency analysis showed that 18% were classified as having BIF. Patients
with BIF had elevated SCL-90-R GSI scores compared to patients without BIF. We
did not find any statistically significant disparities between the BIF and non-BIF
groups with regard to age, gender, income from work or other meaningful daily
activities, years of work experience, years of education, treatment attempts, in- or
outpatient status, SWLS sum score, age of substance debut, years of substance use,
injected substances and age of first injection. A multiple regression analysis was
computed to further investigate the association between the presence of BIF and
SCL-90-R GSI scores. The procedure yielded a significant regression equation with
BIF status, age and SWLS sum score as significant predictors of the SCL-90-R GSI

SCOres.

3.2 Paper lI: Predicting substance use outcomes

Paper 1I examined the ability of the MoCA®, WASI and BRIEF-A to predict long-
term substance use outcomes. The associations of these instruments with long-term
substance use were also established. A statistically significant association between
continuous DUDIT-C scores and the respective cognitive measures was found only
for MoCA® at the 1-year follow-up. Moreover, the results of the MoCA®, WASI
and BRIEF-A did not predict substance abstinence or heavy substance use at the one-
and five-year follow-ups. Although the investigation of cognitive impairment rates
was not a specified aim in Paper 11, frequency analyses unveiled that 33% exhibited
cognitive impairment defined by MoCA®, while 60% displayed cognitive
impairment defined by BRIEF-A GEC.
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3.3 Paper lll: Predicting psychological distress.

Paper I1I examined the associations between cognitive impairments and long-term
psychological distress and the ability of cognitive screening tools to predict caseness.
The results from the selected cognitive screening instruments showed associations

with psychological distress and predicted later psychological distress.

At treatment initiation, there was no association between scores on MoCA® and
psychological distress. However, MoCA®-defined impairment was associated with
an increase in caseness at years one and five. Additionally, MoCA proved to be a
significant independent predictor of long-term caseness in all regression modes.
Importantly, even after accounting for the influence of baseline psychological
distress, MoCA still served as an independent predictor of caseness. In all analyses,
BRIEF-A defined impairment displayed a consistent positive association with
elevated psychological distress and caseness. However, contrary to MoCA®, BRIEF-
A lost statistical significance as a predictor variable when the effect of baseline
psychological distress was controlled for. The relationship between WASI and
psychological distress was equivocal, as WASI did not show a clear prediction
pattern. WASI defined cognitive impairment was associated with psychological
distress at baseline and caseness at year five, also when controlling for baseline
psychological distress. Baseline psychological distress was associated with caseness
at both one- and five-year measurements. Furthermore, it predicted caseness at both
timepoints, even after controlling for the effect of substance use and cognitive

impairment according to the respective instruments.



53

4. Discussion

4.1 Main findings

4.1.1 Prevalence rates of cognitive impairment

One main objective in the current project was to investigate the prevalence of
cognitive impairments in general, with particular attention to individuals defined as
BIF in a representative SUD population. The 18% prevalence rate of BIF among
patients with SUD is somewhat higher than the expected 13.6% defined according to
the Gaussian distribution of the general population norms. However, the estimate is
also slightly lower than the 23% reported in Braatveit et al. (2018b). For Papers 11
and III, cognitive impairment was defined as an FSIQ <86, which classifies both
participants with borderline intellectual functioning and those in the I1Q range of mild
intellectual impairment (IQ 50-70) as cognitively impaired (van Duijvenbode &
VanDerNagel, 2019). Surprisingly, the STAYER pSUD cohort consisted of only a
single participant with an 1Q score below 70 (IQ=67). Thus, the subgroup with
intellectual impairment reported in Paper II and Paper III effectively comprised
participants with BIF, not MBID. In this context, the frequency of MBID in the
current study is close to the 15.8% expected in the general population but
considerably lower than the MBID rates of 30-39% previously reported among
inpatient SUD populations (Braatveit et al., 2018b; Luteijn et al., 2017).

A secondary finding from Paper II indicates that the prevalence rate of MoCA®
defined cognitive impairment was 33%. This frequency is comparable to the
previously reported prevalence in SUD populations utilizing an identical MoCA®
cut-off value (Bruijnen, Dijkstra, et al., 2019; Copersino et al., 2009; Fjerli et al.,
2021; Semhovd et al., 2019). The frequency of BRIEF-A GEC derived cognitive
impairment was 60% and is comparable to the 63% reported in (McKowen et al.,

2017).
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4.1.2 Characteristics of BIF

In Paper I, we aimed to investigate the demographic and clinical features of BIF
among patients with pSUD. The findings indicated that participants with BIF
displayed elevated levels of self-reported psychological distress compared to those
without BIF, while other disparities were not observed. A post hoc regression
analysis, controlling for possible confounders, confirmed the independent association
between psychological distress and BIF. These findings align with previous studies
indicating that BIF is a risk factor for mental problems and psychiatric comorbidities
(Chen et al., 2006; Gigi et al., 2014; Hassiotis, 2015; Hassiotis et al., 2008; Lim et al.,
2022; Melby et al., 2020; Peltopuro et al., 2020). The research design of the current
project did not allow us to determine the causal relationship between BIF and
psychological distress. Surprisingly, and contrary to previous findings and
discussions (Emerson, 2011; Gigi et al., 2014; Hassiotis et al., 2008; Nouwens,
Lucas, Smulders, et al., 2017; Peltopuro et al., 2020; Snell et al., 2009), our study did
not provide evidence of impairment in adaptive functioning among individuals with
BIF. This finding aligns with previous studies that have suggested that IQ is a poor
predictor of general everyday functioning in individuals with mild and borderline

intellectual disability (Arvidsson & Granlund, 2018).

4.1.3 Prediction of substance use

Our main objective in Paper Il was to examine how well the MoCA®, WASI and
BRIEF-A predicted substance use one and five years after treatment initiation. We
expected to observe a negative outcome among patients defined as cognitively
impaired according to at least one of the screening instruments due to the well-
documented link between cognitive impairments and adverse treatment outcomes
such as relapse (Barreno et al., 2019; Beurmanjer et al., 2022; Braatveit et al., 2018b;
Czapla et al., 2015; Hagen, Erga, Hagen, et al., 2017) and drop-out (Aharonovich et
al., 2006; Brorson et al., 2013; Steele et al., 2014; Streeter et al., 2008; Semhovd et
al., 2019), which in turn may increase the risk of relapse (De Leon & Jainchill, 1986;
Kast et al., 2021; Simpson et al., 1997; Simpson et al., 1999). Surprisingly, we could
not establish any association between results from the cognitive assessment

instruments and substance use outcomes one or five years after treatment initiation
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except for the continuous DUDIT-C scores and MoCA® results at year one.
However, the existing body of literature examining the impact of cognition on
substance use treatment outcomes is predominantly restricted to periods of 12 months
or less. The findings align with McKellar, Harris, et al. (2006), who reported that
cognitive impairments predicted dropout from residential SUD treatment programs
but not problematic substance use five years after dropping out from treatment
(McKellar, Harris, et al., 2006). However, others have also reported a disconnect
between treatment retention and later substance use in shorter study designs
(Aharonovich, Brooks, et al., 2008). Furthermore, remission, with or without
substance abstinence, is common (Dawson et al., 2006; Dawson et al., 2005;

Newcomb et al., 2001; Tucker et al., 2020; Walters, 2000).

Several explanations for the lack of associations between cognitive status and
substance use outcomes may be proposed. The treatment services may effectively
have addressed the specific needs of patients with cognitive impairments. However, it
is improbable that the majority of the study participants underwent comprehensive
cognitive assessments that informed the treatment services to tailor their approach to
accommodate cognitive deficits. With respect to this, it is noteworthy that the
clinicians involved in patient care were naive to the cognitive test results obtained in
the study. Nonetheless, SUD treatment in Norway is a comprehensive undertaking
that involves extensive cooperation and support from various governmental and
private organizations. The provision of care is commonly a joint effort between the
hospital trust, municipalities, Norwegian labor and welfare services and private
community organizations to ensure a wide range of cost-free services, including
therapy, access to private and public informal aftercare services, daily activities,
practical assistance, housing and benefits to secure economic stability
(Helsedirektoratet, 2012, 2017, 2020). The comprehensive nature of these integrated
services may have the potential to compensate for certain aspects of adaptive function
impairments due to cognitive deficits and mitigate disparities related to cognitive

status.
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The predictive value of the results from cognitive assessment may be attenuated in
patients with pSUD. Individuals with pSUD often face profound social burdens and
limited access to psychosocial resources. The confluence of these factors may
severely compromise treatment and support efforts, consequently diminishing the role

of cognition in recovery and reducing the predictive value of cognitive assessments.

Predictors of short-term relapse or problematic substance use may not correspond to
long-term substance use outcomes. The Betty Ford Institute Consensus Panel (2007)
posited three distinct stages in SUD recovery, reflecting the level of stability and
resilience to relapse: early recovery (1-12 months), sustained recovery (1-5 years),
and stable recovery (5 years or more). Individuals in long-term recovery generally
experience fewer issues pertaining to housing, criminal activities, and substance
abuse, and they are more likely to be employed or pursuing education compared to
those in the early stages of recovery (Martinelli et al., 2020). Moreover, early
abstinence is characterized by cognitive impairments (Fernandez-Serrano et al., 2011;
Hagen, Erga, Hagen, et al., 2017; Holst & Schilt, 2011; Verdejo-Garcia & Pérez-
Garcia, 2007; Yiicel et al., 2007), withdrawal (Li et al., 2015) and the need for change
in nutrition and physical exercise (Jeynes & Gibson, 2017; Weinstock et al., 2017).
This likely renders certain aspects of cognition (e.g., impulsivity) and physical

capacity a salient feature of early recovery but not at later stages.

4.1.4 Prediction of psychological distress

Our main objective in Paper Il was to determine the ability of the MoCA®, WASI
and BRIEF-A to predict psychological distress one and five years after treatment
initiation. The main finding of the study was that the results from the BRIEF-A and
MoCA® emerged as significant predictors of long-term distress. However, the results
from BRIEF-A lost statistical significance as a predictor after controlling for the
effect of baseline psychological distress. This finding aligns with research that has
demonstrated that results from the BRIEF-A are intimately linked to psychological
distress and psychopathology across a wide range of clinical and nonclinical
populations (Arellano-Virto et al., 2021; Braun et al., 2021; Geiger et al., 2019;
Hagen et al., 2021; Kaiser et al., 2019; Lovstad et al., 2012; Lovstad et al., 2016;
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Meltzer et al., 2017; Shwartz et al., 2020). The results for WASI were equivocal, as it
did not function as a significant predictor in the regression models at year one, but
showed significance in the year five models. A possible explanation for the
association between results from the WASI and, to an extent the MoCA®, on long-
term psychological distress may be found in their ability to provide measures of
multiple and diverse cognitive domains (Royall et al., 2007). A more general
impairment profile may hold greater significance in later stages of recovery when the
individual has to cope with the intricacies and complex requirements of work and
social life compared to early phases of recovery where goals are more demarked and
the support network is more active and involved. In this context, cognitive
impairment may increase the risk of psychological distress when interfering with the
individuals’ coping with the demands of daily life. Nevertheless, when compared to
baseline distress and substance use at one- and five-year follow-ups, the instruments

exhibited limited explanatory power for long-term psychological distress.

4.2 Methodological concerns

4.2.1 Selection bias

The study applied a convenience sampling method across 10 diverse in- and
outpatient clinics. This strategy may have provided a heterogeneous and clinically
relevant sample. However, convenience sampling is vulnerable to ascertainment
biases that may limit the generalization of the current findings. The STAYER project
has not obtained data on the characteristics of patients who declined participation.
Nevertheless, nonparticipation in health studies has been linked to low
socioeconomic status, living in socially deprived areas, lower education,
unemployment and receiving disability pensions (Knudsen et al., 2010; Koopmans et
al., 2012; Korkeila et al., 2001; Vo et al., 2023). SUD, psychotic disorders, and
personality disorders are also particularly overrepresented among nonparticipants
(Knudsen et al., 2010). This risk profile is relevant for the current research questions.
For example, the prevalence of personality disorder among treatment-seeking patients

with SUD is high (Landheim et al., 2002; Langas et al., 2012a), particularly among
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patients with pSUD (Preti et al., 2011). Moreover, personality disorders are
associated with cognitive impairment (Abramovitch et al., 2021; Bates, Labouvie, et
al., 2002; Mortensen et al., 2005) but also greater functional impairment (Langas et
al., 2012a; Skodol et al., 1999) and worse prognosis (Hasin et al., 2011; Verheul,
2001). Thus, a potential undersampling of patients with personality disorders may
have resulted in reduced disparities in group differences pertaining to cognitive
impairment, social adjustment and treatment outcomes and subsequently contributed

to driving the null findings in Paper I and Paper I1.

4.2.2 Missing data and study drop-out

The primary design concern in the present project revolves around the issues of low
statistical power due to drop-out and missing data, specifically at the 5-year follow-
up. Despite the STAYER research group’s utilization of elaborate tracking and
follow-up strategies to mitigate issues of missing data and drop out (Svendsen et al.,
2021; Svendsen et al., 2017), we were unable to obtain data from several participants
at follow-ups. The combination of a modest sample size, the high level of missing
data and attrition undermines the internal and external validity of the current study
and places constraints on statistical approaches in the study design (Austin et al.,

2021; Gustavson et al., 2012; Morgan, 2017; Tipton et al., 2016).

The low data granularity in Papers Il and III complicates the interpretation of the
results. Participants may have undergone several transitions from substance use and
abstinence periods between follow-up measurement points (Moe et al., 2021) and
potential fluctuating psychological distress and mental health (Erga et al., 2021; Patel
et al., 2015). Clinical recovery involves achieving a state of enduring behavioural
stability (Bjornestad et al., 2020; Moe et al., 2021). However, the measures used in
the present study reflect status at a particular moment in time and fail to capture the
dynamic nature of long-term recovery. This issue is partly inherent to the STAYER
design due to the selected frequency of measurements after year one but also stems
from decisions made to reduce the volume of assessment inventories and assessment

frequencies to alleviate strain on the participants and minimize study drop-out.
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Consequently, the most complete and adequate datasets following the initial year

were acquired at the annual follow-ups.

4.2.3 Measurements

Several studies share the limitation that participants are classified as cognitively
impaired on the basis of performance on single tests or use of a single aggregated cut-
off score from neuropsychological assessment batteries designed to evaluate a wide
range of abilities (Fals-Stewart & Bates, 2003; Ko et al., 2021). However, numerous
brain regions and information-processing operations contribute to the
neuropsychological profile in patients with SUD (Fernandez-Serrano, Pérez-Garcia,
Schmidt Rio-Valle, et al., 2010). Converging evidence identifies a similar latent
structure of neuropsychological abilities as risk factors for poor test performance in
individuals with SUD. These encompass executive functioning, verbal ability,
psychomotor and information-processing speed, and memory (Bates, Labouvie, et al.,
2002; Fals-Stewart & Bates, 2003). As such, the current studies risk oversimplifying
neuropsychological functioning and abilities underpinning test performance, thereby
threatening ecological validity (Chaytor & Schmitter-Edgecombe, 2004; Fals-Stewart
& Bates, 2003). However, while some dismiss brief measures of general cognition as
mere “screening’ tools, they may account for significantly more variance in
functional outcomes than formal tests of attention, executive control, memory, verbal
or visuospatial functioning (Royall et al., 2007). Crucially, in both research and
clinical contexts, brief measures of general cognition may also be the only viable
option for cognitive evaluation in SUD populations with severe functional
impairment, as they are short, easy to administer, cost-effective and require minimal

training.

Inferences from the results derived from the WASI warrant caution and limit the
ability to draw robust conclusions. The frequency estimate of BIF derived from
WASI was considerably lower than that reported in previous research on SUD
populations (Braatveit et al., 2018b; Luteijn et al., 2017). Previous research has also
shown that WASI norms are prone to overestimate the FSIQ in Norwegian samples

(Bosnes, 2009; Sigveland et al., 2014), which may have resulted in the
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underestimation of the BIF frequency rate. A skewed cut-off value may mask true
disparities between the BIF and non-BIF groups in Paper I as well as drive the null
findings in Paper II. This may occur due to the inclusion of non-BIF patients within
the BIF group and/or lower statistical power caused by the small size of the low-
scoring group. Severe alcohol use may also result in a greater reduction of
performance 1Q among individuals with intellectual functioning in the normal range
compared to individuals with MBID, adding complexity to the interpretation of group
differences (van Duijvenbode et al., 2016). Moreover, the criterion validity of the
WASI with respect to correspondence with performance on the Wechsler Adult

Intelligence Scale-11I may be poor (Axelrod, 2002).

Strikingly, MoCA® proved to be an independent predictor for future caseness in
Paper 111 but failed to predict later substance use in Paper II. However, MoCA® has
been shown to be a poor predictor of impairments on later neuropsychological tests
(Bruijnen, Jansen, et al., 2019) and may be sensitive to a range of mental illnesses
(Blair et al., 2016; D’Hondt et al., 2018; Wood et al., 2019). Furthermore, PTSD
symptomatology among patients with comorbid SUD may threaten the validity of the
MoCA® results (Kutash et al., 2023). The elevated level of PTSD symptomatology
among participants in the STAYER cohort (Belfrage et al., 2022) is therefore a cause

for concern.

The STAYER study lacks detailed data regarding the specific type of substance used
by the participants. Nor does it contain the participants’ ICD-10 diagnosis. Although
DUDIT is commonly employed in clinical practice, DUDIT-C is rarely utilized in
research, which makes comparisons to previous findings difficult and the
generalization of findings questionable. Moreover, the current project did not
incorporate baseline DUDIT data due to concerns about the validity of the measure.
This decision was made based on clear indications that participants had interpreted
the instructions differently at the baseline measurement, whereby they reported
substance use from different time frames. In subsequent follow-ups, the instruction of
the DUDIT-C was underlined to increase data accuracy. Moreover, the KVARUS

self-report questionnaire and the items intended to measure social adjustment have
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not been validated; for example, the phrase “having other meaningful activity” lacks

specificity.

Including gender among the predictor variables or performing gender-stratified
analysis in Paper I1I would have been advantageous for elucidating the interplay of
cognition, substance use and psychological distress. The use of an SCL-90-R T-score
to delineate caseness in Paper III may be discriminatory to women because women
tend to report more psychological distress than men. A higher average GSI for
women than for men is reflected in the norms (Siqveland et al., 2016). This bias may
hold significance due to the association between psychological distress and cognitive
impairments (Blair et al., 2016; Hagen et al., 2021; Teasdale & Antal, 2016).
Moreover, PTSD symptomatology and depression are overrepresented among women
(Belfrage et al., 2022; Farré et al., 2017) and linked to cognitive impairments (Kutash
et al., 2023; Stordal et al., 2004; Sumner et al., 2017). Women may also be more
susceptible to substance-induced cognitive impairment than men (Bourgault et al.,
2022). Thus, the study may fail to identify potential gender-specific disparities in the
interaction between cognition, substance use and psychological distress. However,
due to the low number of events per variable, we opted to exclude gender to minimize
the risk of overfitting the logistic regression models. Some have suggested the use of
a GSI raw score >1 as an alternative to delineate caseness to circumvent the issues
with the SCL-90-R gender-specific norms (Siqveland et al., 2016). However, we
decided to define caseness in accordance with the original author of the SCL-90-R
(Derogatis, 1994) to increase the generalizability of the findings and their clinical
utility.

4.2.4 Neuropsychological testing and SUD

The requirement of two weeks of substance abstinence prior to the
neuropsychological assessments in the current studies falls at the lower end of the
duration for psychometric testing after cessation in SUD research (Fernandez-Serrano
et al., 2011). Cognitive functioning typically shows significant improvement after 2-6
weeks (Vik et al., 2004), and withdrawal or other short-term effects might have

influenced test performance for some participants in the current studies (WHO,
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2009). However, the results from the MoCA® and BRIEF-A were comparable to
existing findings in SUD populations (Bruijnen, Dijkstra, et al., 2019; Copersino et
al., 2009; Fjerli et al., 2021; McKowen et al., 2017; Semhovd et al., 2019). This
correspondence may enhance the external validity of the findings, allowing for

generalization to the broader SUD population.

Regarding WASI, intellectual functioning is often regarded as a relatively stable
construct with trait-like characteristics (Deary, 2014; Whitaker, 2008). In the context
of SUD, vocabulary may be resistant to the effects of substance use and maintain
stability despite the presence of cognitive impairment. Indeed, studies indicate that
the negative effect of substance use on IQ scores may be limited to 4-8 points (Fried
et al., 2005; Manning et al., 2008; Meier et al., 2012) or be nonexistent (Braatveit et
al., 2018a). The presence of a single participant with WASI performance in the
intellectual disability range in the pSUD cohort also contradicts the notion that

substance use has significantly decreased WASI scores in the current studies.



63

5. Concluding remarks and clinical implications

This thesis provides a theoretical framework for describing the interplay between
substance use disorders, cognition and psychological distress in the context of
assessment in SUD treatment services. The triple comorbidity of SUD, other mental
disorders and cognitive impairment is widespread in clinical samples and remains a
significant challenge for the delivery of effective health-care services. To date, few
studies have examined long-term outcomes of cognitive impairments among
individuals with an SUD. The project utilized instruments and inventories readily
available in treatment services, thereby facilitating translation of the findings to a

clinical context.

The findings in the current project indicate that there may be an overrepresentation of
cognitive impairments, including borderline intellectual functioning, among patients
in mainstream SUD treatment. Surprisingly, the ability of cognitive instruments such
as the BRIEF-A, MoCA®, and WASI to predict long-term outcomes in a clinical
context appears to be limited. Specifically, the cognitive status of patients defined by
these instruments accounted for a small variance in terms of abstinence, heavy
substance use and psychological distress. These findings are striking given the
considerable body of evidence that highlights the negative effect of cognitive

impairments on therapeutic processes and outcomes among patients with SUD.

The limited utility of the instruments used in the current project may be attributed to
their specific biases and limitations. The MoCA® may not adequately measure
executive functions, which are the primary cognitive domains that are impaired
among patients with SUD and which have been shown to negatively impact treatment
processes and outcomes (Blume & Alan Marlatt, 2009; Kwako et al., 2016; Le Berre
et al., 2017; Verdejo-Garcia & Bechara, 2009; Verdejo-Garcia, Lorenzetti, et al.,
2019). The results from the BRIEF-A are intimately linked to psychological distress
(Shwartz et al., 2020) and may be better understood as a measure of
psychopathologically derived functional impairments. The WASI-norms are skewed,

and test results may not provide an accurate reflection of latent intellectual
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impairments. Moreover, the instruments did not measure other potential relevant
cognitive domains, such emotion-driven response inhibition and decision making,
which might be key in predicting substance use among patients with SUD (Barreno et
al., 2019; Verdejo-Garcia, 2017). Alternatively, the extensive health and social
services provided by the Norwegian welfare system may potentially mitigate some of

the challenges faced by patients with cognitive impairments.

Nevertheless, the present project confirms a high prevalence of cognitive impairment
among patients with pSUD. This necessitates the implementation of routine screening
for cognitive impairment in SUD treatment, which should be reflected in treatment
guidelines, strategic policies, and resource allocation. The project findings highlight
the need to develop assessment procedures that can both identify patients with
cognitive impairments relevant for SUD treatment and differentiate between transient
and persistent neurocognitive impairments. Although some patients may experience
spontaneous recovery or significant amelioration of cognitive functions after
substance cessation, several may have enduring needs that surpass the scope of
standard in- or outpatient health services. This underscores the importance of a
multidisciplinary and multifaceted approach to SUD treatment, encompassing a wide
array of governmental bodies and community players. Similarly, patients with pSUD
exhibit a high rate of mental health problems, emphasizing the necessity for a routine,
comprehensive diagnostic assessment tailored to this population. Ascertaining the
mental health status of patients with SUD may be important when evaluating
cognitive functioning, particularly in cases where clinicians must rely on short

cognitive screening instruments and self-report inventories.
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6. Future research

Studies aimed at establishing neuroscience-informed, viable and ecologically valid
assessment procedures for patients with SUD are strongly warranted. The Research
Domain Criteria for Mental Disorders was previously complemented with an alcohol
addiction domain criteria-based framework (Insel et al., 2010; Kwako et al., 2016;
Litten et al., 2015; Yiicel et al., 2019), and initiatives have been made in
neurofunctional phenotyping to understand the heterogeneity in SUD (Kwako et al.,
2016; Kwako et al., 2019; Nieto & Ray, 2022). A pivotal step in translating new
neuroscientific insights to clinical practice is to develop clinically viable
neurocognitive assessment protocols with well-established ecological validity in
terms of predicting therapeutic processes, change mechanisms, and treatment
outcomes. In the context of these developments, efforts must be made to disentangle
the effects of psychological distress and substance use on self-reported cognitive
functioning, test performance and treatment outcomes. Although promising
assessment instruments have been developed to target executive functions in patients
with SUD (Berry, Shores, Lunn, et al., 2021; Berry, Shores, Nardo, et al., 2021),
further validation is still needed. It is also crucial to examine the potential mediating
and moderating effects of environmental and social factors on the association
between cognitive impairments and treatment outcomes, as these factors may further
elucidate patient heterogeneity, have prognostic value, and be incorporated into

assessment and treatment protocols.

Given the well-documented high prevalence of cognitive impairments, including
impaired intellectual functioning, there is a pressing need for the development of new
treatment protocols, as well as iterations of existing ones, that are tailored to meet the
needs of patients with cognitive impairments (Mistler et al., 2021). Potential
interaction effects between cognitive impairments and treatment programs in terms of
modality (e.g., group or individual therapy, motivational interview or mentalization-
based therapy), level of care (in- or outpatient), and treatment services (e.g.,
specialized treatment service and/or vocational training) (Merkx et al., 2007) may be

of pivotal importance to treatment planning and execution. Some evidence suggests
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that the negative effects of cognitive impairments can be mitigated during treatment
in a residential setting (Passetti et al., 2011; Rychtarik et al., 2000; Rychtarik et al.,
2017) or through the use of a less cognitive demanding treatment modality (Carroll et
al., 2011). Studies matching treatment intervention to patient characteristics have
yielded mixed results (Cooney et al., 1991; Hser et al., 1999; UKATT Research
Team, 2008). However, matching based on neuroscientific phenotyping (Kwako et
al., 2016) is opening up exciting new avenues for research into novel treatment
modalities, including cognitive remediation therapies, and accompanying clinically

valid neurocognitive assessment procedures.
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Objective: To determine the prevalence and associated demographic and clinical
features of borderline intellectual functioning (BIF) among individuals with polysubstance
use disorder (pSUD).

Methods: We applied a cross-sectional analytical design to data from the Norwegian
STAYER study (n = 162), a cohort study of patients with a pSUD from the Stavanger
University hospital catchment area. We used Wechsler Abbreviated Scale of Intelligence
Full Scale IQ (FSIQ) to define BIF (FSIQ = 70-85) and non-BIF (FSIQ = >85) and collected
demographic and clinical data using semi-structured interviews and self-reports on the
Symptom Checklist 90-Revised (SCL-90-R) and the Satisfaction With Life Scale (SWLS).

Results: The prevalence of BIF was 18% in the present study. The presence of BIF
was associated with higher SCL-90-R GSlI scores than in the non-BIF group. There were
no significant differences between the BIF and non-BIF groups regarding age, gender,
participation in meaningful daily activity, years of work experience, years of education,
satisfaction with life, level of care, treatment attempts, age at substance-use onset, years
of substance use, history of injecting drugs, or age of onset of injecting drugs.

Conclusion: The present study confirmed a higher prevalence of BIF among patients
with pSUD than expected from the distribution of IQ scores in a general population.
Elevated SCL-90-R GSI scores suggested that BIF is associated with increased
psychological distress in patients receiving treatment for pSUD. Further studies on this
association, and its effect on treatment procedure and outcomes are strongly warranted.

Keywords: polysut use di , borderline ii | functioning, symptom check list-90-R, satisfaction
with life scale, intelligence quotient, prevalence, substance use disorder

INTRODUCTION

Intellectual functioning in patients with substance use and abuse has received increased attention
during the last decade (1, 2). This follows the fact that intellectual functioning (e.g., reasoning,
planning, problem solving, judgement, and abstract thinking) is a core predictor of a variety of
life outcomes, with the most severe impairments observed in patients with an intelligence quotient
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(IQ) two standard deviations below the population mean (IQ
< 70) (3-5). In the present study, we focused on the impact
of borderline intellectual functioning (BIF), which is defined as
an intelligence quotient ranging between one and two standard
deviations below the population mean (IQ = 70-85). Based
on previous studies, we know that adults with BIF have an
increased vulnerability for developing psychiatric disorders,
including a substance use disorder (SUD) (2, 6-12). Assessment
of intellectual function should therefore be considered an
important component of clinical examination and treatment
planning of SUDs.

According to the normal distribution of IQ scores (Bell
Curve), approximately 13.6% of individuals in the general
population would be allocated to a subgroup defined with BIE,
with elevated rates commonly observed in clinical populations
(13). Nevertheless, the frequency estimates within clinical groups
are uncertain because of methodological differences between
studies (ascertainment biases, the choice of diagnostic tools,
service configurations, and entry criteria). In addition, there is
a historical lack of terminological consensus and classification
of BIF (14, 15) and non-agreed-upon diagnostic criteria in
diagnostic manuals like the DSM-V and ICD-10 (16, 17).
Nevertheless, studies have shown that individuals with BIF
exhibit difficulties in several aspects of life, that these difficulties
may occur at a similar level as for individuals with a diagnoses
of intellectual disability (ID), and that individuals with BIF may
need targeted support (1, 4, 6, 9, 10, 14, 18-21).

Individuals with BIF may not only be severely impaired; they
are also less likely to receive adequate treatment for mental health
issues, less likely to receive psychotherapy, and more likely to
be treated with psychotropic medication than individuals with
mental health problems in the general population (10, 22). This
is obviously the case in individuals with co-occurring BIF and
SUD; they tend to show adverse rehabilitation outcomes when
offered mainstream SUD treatment, because of factors such as
reduced disposition to change and desire for help (23, 24), lower
treatment compliance (25), high drop-out rate (26-28), relapse
during treatment (29), and negative treatment experiences (30).
Therefore, it is alarming to realize that impaired intellectual
functioning is often overlooked in treatment programs for
patients with SUD, even though it can be a key clinical factor in
predicting treatment needs and prognosis (24, 29, 31-34).

There is a dearth of research on BIF in general, and BIF in
SUD populations in particular. When included in studies, BIF
is typically classified broadly as mild-to-borderline intellectual
disability (MBID) with IQ ranging between 50 and 85, or treated
as a control group (4). The major thrust of research on the
co-occurrence of BIF and SUD originate from the field of ID
services and target substance use in individuals with a known
ID diagnosis. Subsequently, findings are mainly published in
journals in that field, rather than in journals in the field of medical
addiction (2). Initiatives to develop a framework around the
clinical and adaptive needs of patients with co-occurring SUD
and BIF have been sporadic and uncoordinated (14).

Studies examining the prevalence rates of BIF in SUD
populations are scarce, and their prevalence rates vary
considerably. Braatveit et al. found the prevalence rate of

BIF among patients with SUD to be 23% (29), and Luteijn
et al. reported a MBID prevalence rate of 39% (24). At
the other end of the scale, VanDerNagel et al. reported a
prevalence estimate as low as 3% (35). Furthermore, prevalence
data for BIF and MBID are difficult to compare because
of lack of consensus on terminology, differences in group
characteristics, levels of disability, treatment settings, comorbid
psychiatric disorders, and definition and scope of substance use
(2, 13, 36). Taken together, studies of BIF based on standard
instruments in well-characterized cohorts of patients with SUD
are obviously warranted.

The lack of epidemiological data and findings showing that
BIF may be vital for the broader understanding and treatment of
patients with SUD motivated the present study to investigate the
prevalence and characteristics of patients with BIF in a typical
group of individuals receiving treatment for polysubstance use
disorder (pSUD). Polysubstance use is common in both clinical,
and population samples (37, 38). Moreover, polysubstance use
patterns is frequent in patients seeking treatment for mono-
substance disorders (39-43). In this context, pSUD refers to the
use of multiple substances as part of a pattern of problematic
substance use, in which the patient meets criteria for SUD for
some, but not necessarily all substances used (44). Compared
with mono-substance users, polysubstance users have an earlier
onset of substance use (45), are younger (37), have higher
levels of psychological distress and personality disorders (45-
50), more persistent cognitive impairments (51), and poorer
social adjustment (37, 46, 48, 52). Studies suggest that these
characteristics are associated with increased risk of dropout and
relapse (27, 53-57). Thus, patients with pSUD may have a more
severe clinical profile than patients with mono-substance use and
consequently pose a challenge for SUD-treatment services and
the mental health care system (46, 53, 58, 59).

The aim of the present study is twofold: (1) to provide a
prevalence estimate of BIF in patients with pSUD receiving
mainstream SUD treatment (2) to investigate clinical and
demographic features in subgroups of patients with and without
co-existing BIF.

MATERIALS AND METHODS

Study Design and Patient Characteristics

The study used data from the Stavanger Study of Trajectories
of Addiction (STAYER), an ongoing, prospective, longitudinal
cohort study of the neurocognitive, psychological and social
recovery in patients with polysubstance use who started a
new treatment sequence in the Stavanger University Hospital
catchment area (60, 61). See Andersson et al. (54) for more
details regarding the structure of Norwegian SUD-treatment.
To be eligible for specialized treatment for SUDs within the
Norwegian public health service, patients must meet the criteria
for a Flx.1 (harmful use) or Flx.2 (dependency syndrome)
diagnosis, as defined by the ICD-10 (17). We performed baseline
assessment after 2 weeks of abstinence, in an attempt to minimize
contamination from drug withdrawal and the acute neurotoxic
effects from psychoactive substances (62). Trained research
personnel of the STAYER research group collected all data. In the
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present study, polysubstance users were defined as patients with
SUD who reported the use of multiple substances within the last
year before inclusion. The project was approved by the Regional
Ethics Committee (REK 2011/1877) and conducted according to
its guidelines and those of the Helsinki Declaration (1975). All
participants provided signed informed consent.

Participants

A total of 208 patients were recruited consecutively at
convenience from 10 outpatient and residential treatment
facilities within the Stavanger University Hospital catchment area
between March 2012 and January 2016. All patients had been
voluntary admitted for SUD-treatment.

Patients were included if they (1) signed a written informed
consent, (2) were enrolled in a new rehabilitation sequence by
the substance use treatment service, (3) reported use of multiple
substances within the last year before inclusion, and (4) were 16
years or above. Patients received a compensation of NOK 400
for their time at the baseline testing. Of the 208 patients in the
STAYER cohort, 44 patients were excluded from the present study
because of mono-substance use (alcohol N = 35, cannabis N
= 1) or lack of substance-related disorders (e.g., gambling N =
8). We excluded one case because of missing IQ scores and one
case because of an IQ score <70; thus, the remaining sample of
patients with pSUD comprised 162 individuals.

Assessment

We obtained demographic, neurocognitive, psychological,
and social-functioning data using semi-structured interviews,
cognitive tests, and self-reported measures at the baseline
assessment. We used a preliminary version of the National
Quality Register for Substance Abuse (KVARUS) (63), a semi-
structured interview to obtain information on the type of
substance intake, initial age at use, treatment and work history,
and educational, vocational, and social adjustment.

Wechsler Abbreviated Scale of Intelligence

Wechsler Abbreviated Scale of Intelligence (WASI) (64) was used
to assess intellectual function. WASI was created to establish
a brief and reliable estimate of intellectual functioning and
comprises four subtests, i.e., two verbal measures of crystalized
intelligence (Vocabulary and Similarities), which yield a verbal
intelligence quotient (VIQ), and two non-verbal tests of fluent
intelligence (Block Design and Matrix Reasoning), which yield
a performance intelligence quotient (PIQ). BIF was defined as
a WASI Full-scale IQ (FSIQ) ranging between 70 and 85, and
non-BIF was defined as a FSIQ > 85.

Satisfaction With Life Scale

Satisfaction with life was assessed using the Satisfaction With
Life Scale (SWLS) (65). SWLS is a self-report questionnaire
comprising five items to measure the respondent’s global life
satisfaction with a seven-point Likert-type format (ranging from
1-strongly disagree to 7-strongly agree). SWLS has demonstrated
excellent psychometric characteristics (66) and also validated for
individuals with ID (Cronbach’s alpha = 0.79) (67). A score of 20
represents a neutral point on the scale; scores between 5 and 9

indicate dissatisfaction with life, while scores ranging between 31
and 35 indicate that the respondent is very satisfied with life (66).

Symptom Checklist 90-Revised

We used the Symptom Checklist 90-Revised (SCL-90-R), which
is a 90-item self-report measure (68) assessing psychological
symptoms and distress. SCL-90-R is widely used in clinical
practice and research, and validated for patients with SUD
and individuals with ID (68-70). Items are rated on a five-
point Likert scale indicating the degree of distress, ranging
from 0 (not at all) to 4 (severely) during the 7 previous days.
The checklist comprises nine symptom dimension subscales:
Somatization, Obsessive-Compulsive Disorder, Interpersonal
Sensitivity, Depression, Anxiety, Hostility, Phobic Anxiety,
Paranoid Ideation, and Psychoticism, in addition to a global
severity index (GSI), which was used here as a measure of
psychological distress.

Statistics

The statistical software package SPSS version 26 (IBM Corp.,
released 2016) was used for all statistical analyses. Statistical
significance was set at P < 0.05, and assumptions of normality
evaluated based on Q-Q plots and by inspecting the residuals.
A frequency analysis was run for the BIF and non-BIF
groups. Independent-sample t-tests were performed to evaluate
differences between-group means, and the chi-squared test of
independence was used in case of categorical variables.

Because of an association between BIF status and SCL-90-R
GSI score, we performed additional post hoc analyses to explore
this association. As a result of the modest size of the BIF group,
we opted not to use BIF status as a dependent variable in
logistic regression analyses because of the risk of overfitting
the regression model (71). Instead, we performed a multiple
regression analysis (forward selection) with SCL-90-R GSI score
as the dependent variable and BIF status, age, gender, years of
education, age of onset of substance use, history of injecting
drugs, and SWLS sum score as independent variables.

RESULTS

Among the 162 participants included in the analyses, 29 (17.9%)
were classified as having BIF. Table 1 shows the demographic
and clinical features in the total sample and stratified according
to intellectual functioning (i.e., the BIF and non-BIF group).
Participants in the BIF group (M = 1.4, SD = 0.8) exhibited
significantly higher SCL-90-R GSI scores than the non- BIF group
[M = 1.1, SD = 0.6; t(160) = 2.5, p < 0.05], indicating a higher
degree of self-reported psychological distress in the former group.
No further significant differences were detected between the BIF
and non-BIF groups on any demographic or clinical feature.
Figure 1 shows that the distribution of IQ scores in the present
cohort was comparable to the expected distribution in the general
population, with a small shift toward the lower end of the scale.
Table 2 lists the WASI scores in the total sample and within
the two groups. The mean WASI FSIQ in this BIF group was 80.3
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TABLE 1 | Demographic and clinical features of the present sample stratified according to intellectual functioning.

Total sample

BIF (n = 29) Non-BIF (n = 133) Statistics

n  Mean (SD)/n (%) n Mean (SD) n Mean (SD) t(df)/Value (df) Cohen’sd P-value
Age 162 27.6 (7.5) 29 26.1 (8.4) 133 27.9(73)  —1.22(160) 0.24 0.225
Male gender* 162 106 (65.4) 18 (62.1) 88 (66.2) —0.18 (1) 0.674
Income from work or other meaningful daily activity* 162 101 (62.3) 17 (58.6) 84 (63.2) 0.21 (1) 0.648
Years of work experience 1462 5.6 (5.8) 26 4.0 (4.1) 120 5.9 (6.1) —1.51 (144) 0.36 0.134
Education, years 162 11.6 (1.7) 29 11.2(1.7) 133 1.7 (1.7) —1.18 (160) 0.24 0.239
Treatment attempts 162 1.6 (2.4) 29 1.5(2.0) 133 1.6 (2.4) —0.29 (160) 0.06 0.776
In-patient* 1612 95 (58.6) 20 (71.4) 75 (56.4) 216 (1) 0.141
SCL-90-R GSI 162 1.1(0.7) 29 1.42 (0.8) 133 1.1(0.6) 2.48 (160) 0.46 0.014
SWLS sum score 162 15.4 (6.3) 29 14.8 (6.1) 133 155(6.4)  —0.57 (160) 0.12 0.569
Age of drug debut 1602 13.1 (2.1) 29 12,7 (1.7) 131 13.1(2.2)  —0.95(158) 0.21 0.343
Years of drug use 1602 14.5 (7.5) 29 13.3(8.1) 131 14.8(7.4)  —0.95(158) 0.18 0.343
Injected drugs* 1612 98 (60.5) 156 (61.7) 83 (62.9) 1.24(1) 0.265
Age at first use of injected drugs el 19.7 (5.0) 15 18.2 (5.8) 83 20.0 (4.8) —1.29 (96) 0.36 0.202

*Chi-squared test of independence.
ANumbers lower than 162 are caused by missing data.
b Participants with a history of injecting drugs.
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FIGURE 1 | Histogram of the distribution of IQ scores in the present cohort compared with the theoretical distribution of the general population. One participant with
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(SD = 3.8, 95% CI = 78.8-81.7), whereas the mean WASI FSIQ
was 100.8 (SD = 9.4, 95% CI = 99.1-102.4) in the non-BIF group.

A multiple regression analysis using the SPSS’ forward
selection algorithm was computed to further investigate the
association between the presence of BIF and the SCL-90-R GSI
scores. The SCL-90-R GSI scores were included as the dependent
variable and the BIF status as well as age, gender, years of
education, age of onset of substance use, history of injecting
drugs, and SWLS sum score as independent variables. This

procedure yielded a significant regression equation F(3 56y =
14.882, P < 0.001; R* = 0.223), leaving BIF status as well as age,
and SWLS sum score as significant predictors of the SCL-90-R
GSI scores (see Table 3 for details).

DISCUSSION

The prevalence rate of BIF in patients with polysubstance use was
18% in the present study. There were few statistically significant
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TABLE 2 | WASI scores in the total sample stratified according to intellectual functioning.

Total sample BIF (n = 29) Non-BIF (n = 133) Statistics
n Mean (SD) n Mean (SD) n Mean (SD) t(df) d P value
WASI FSIQ 162 97.1 (11.7) 29 80.3 (3.8) 133 100.8 (9.4) —~11.5 (160) 2.85 <0.001
WASIVIQ 162 95.1 (12.7) 29 82.5(8.2) 133 97.8(11.8) —6.6 (160) 1.51 <0.001
WASI PIQ 162 99.9 (18.2) 29 82.0 (8.1) 133 103.8 (10.7) —10.4 (160) 2.30 <0.001

TABLE 3 | Summary of the regression analysis with SCL-90-R GS| as dependent
and BIF status, age, and SWLS sum as independent variables.

Variable B 95% ClI B t P
(Constant) 2533  [2.082,2.983 11106 <0.001
SWLS Sum score  —0.039 [-0.054, —0.024] -0.369 —5.219 <0.001
Age —0.021 [-0.033, —0.008] —0.233 —38.283 0.001
BIF-status —0.2566 [-0.499, —0.014] -0.148 —2.086 0.039

BIF status is coded as O for BIF and as 1 for non-BIF.
Cl, confidence interval for B.

differences between the BIF and non-BIF groups regarding
demographic and clinical features. However, patients with BIF
had significantly elevated SCL-90-R GSI scores, indicating a
higher degree of psychological distress compared with the non-
BIF group. A regression analysis confirmed the importance of
BIF status, even when controlling for a range of demographic and
clinical data.

The prevalence rate of BIF found in the current study was
higher than that observed in the general population, but still
somewhat lower than reported by some previous studies of
patients selected from in-patient SUD populations (24, 29).
However, the sample included in the study of Luteijn et al. (24)
was selected from a forensic unit and gauged the prevalence rate
of MBID, not BIF. Although it may be tempting to hypothesize
that patients receiving in-patient treatment have more impaired
intellectual functioning compared to patients receiving out-
patient treatment, the results of the current study do not support
this notion, as there were no significant differences in the
prevalence rate of BIF between these two groups. The prevalence
rate of BIF found in the present study was indeed higher than the
3% identified by VanDerNagel et al. (35). However, those authors
relied on the identification of individuals with BIF through a
review of caseloads and patient records. Because of the low
recognition of MBID/BIF, those findings are expected to provide
underestimations compared with the results of studies including
direct assessment of intellectual functioning.

The regression model indicated independent negative
associations between the independent variables SWLS sum
score, age, and BIF-status and SCL-90-R GSI score among
patients with pSUD. The association between SWLS sum score
and SCL-90-R GSI score was expected, given the conceptual
similarities between psychological well-being and life satisfaction
in human functioning. In addition, age was negatively associated
with SCL-90-R GSI scores, a finding that was expected based on

previous studies (44, 72). A strong association between BIF and
an elevated SCL-90-R GSI score among patients suffering from
pSUD is a main finding of the present study. This finding is in
accordance with previous studies reporting associations between
psychological distress and impaired intellectual functioning
(19, 73-76). Although causality of the association between
SCL-90-R GSI score and BIF status in the present study is
unknown, several direct and indirect paths may be suggested.

Individuals with impaired intellectual functioning may be
susceptible to the development of psychological ill-health and
impaired social adjustment due to reduced capacity for problem-
solving, flexible adjustment and stress tolerance (77). Conversely,
psychiatric disorders may induce temporary state-specific
neurocognitive disruptions impairing cognitive performance
(78-80). Finally, the selected measures may not reflect disparities
in latent cognitive abilities as psychological distress may
impede test performance indirectly through lack of performance
motivation, low self-efficacy and increased engagement in
distracting worrisome thoughts or task-irrelevant cognition.

The use of an IQ criterion in the diagnosis of ID is thought
to reflect a relationship between intellectual and everyday
functioning, and most studies identify borderline intellectual
disability solely from intellectual functioning measures, i.e., BIF
(29). While the current study found disparities in the associated
clinical features between the BIF and non-BIF patients with
pSUD, the differences were primarily reserved to the SCL-90-
R GSI score. Surprisingly, the findings thus did not support the
presence of a more global impairment in BIF compared to non-
BIF patients with pSUD. e.g., educational attainment is typically
shown to be associated with higher intellectual functioning (81—
83). However, to access specialized treatment for SUDs within the
Norwegian public health service, patients must exhibit severely
debilitating substance use. Furthermore, both the BIF, and non-
BIF groups share approximately the same early onset of substance
use (13 years). Both early onset and subsequent severe substance
use likely attenuate the predictive value of IQ by exerting a major
detrimental influence on scholastic performance (84), attendance
(85), drop out (86-89), and overall social adjustment.

The present study used the classification of BIF rather than
borderline intellectual disability, as the latter relies on additional
measures of adaptive functioning and onset before 18 years of
age. In addition, several studies investigated the clinical features
of co-occurring BIF and SUD by combining the IQ ranges of BIF
and mild ID (2, 24, 35, 90, 91). The risk factors and associations
identified in these studies may result from the inclusion of
a proportion of individuals with ID. Alternatively, our results

Frontiers in Psychiatry | www.frontiersin.org

July 2021 | Volume 12 | Article 651028



Hetland et al.

Prevalence and Characteristics of BIF

may be used to argue that intellectual functioning, as measured
by WASI or otherwise, may be less useful when accounting
for differences in clinical features and everyday functioning in
patients with SUD.

Strengths and Limitations

The current cohort was recruited from a multitude of specialized
and diversified SUD rehabilitation services including both in-
and out-patient units targeting different patient groups with
regard to type and severity of comorbid psychiatric disorders,
the severity of substance use, and degree of social adjustment and
functioning, as well as the stage of the rehabilitation process. The
universal access to health care in Norway allows the collection
of a more comprehensive sample relative to countries where
care is privatized and costly. Thus, the findings of the current
study cannot necessarily be generalized to a specific clinical
population (e.g., in-patients), but do elucidate the general state
of intellectual functioning and associated clinical features among
patients with pSUD.

Most previous studies investigated the clinical features of
individuals with substance use among patients already identified
as having ID (IQ < 70) or MBID (IQ = 50-85) (2). To the authors
knowledge, this study is the first to examine the prevalence rates
and associated demographic and clinical factors in individuals
with previous unidentified BIF (IQ = 70-85) in both in- and out-
patients receiving mainstream SUD services for polysubstance
abuse. The current study’s main findings are consistent with the
few other studies from a SUD population, who identify an over-
representation of impaired intellectual function among patients
with SUD (24, 29). The current study adds on to these results
by controlling for the effect of age, gender, years of education,
age of onset of substance use, history of injecting drugs and
satisfaction with life, in the analysis of the association between
BIF and psychological distress.

The main limitation of this study concerns the
representativeness of the Norwegian WASI test norms.
Previous studies have shown that WASI tends to overestimate
the FSIQ IQ level in Norwegian samples (92, 93), which may
have led to the underestimation of the prevalence rate of BIF in
the current study. In addition, the clinical differences between
the BIF and non-BIF groups in the sample may have been
masked if a skewed cut-of value of BIF have led to inclusion
of non-BIF patients within the BIF group. Furthermore,
WASI has not explicitly been validated for patients with SUD
with a high level of psychological distress, which may also
have affected the results of the present study. Finally, the
STAYER cohort was recruited using convenience sampling
in a clinical setting, which is vulnerable to ascertainment
biases by undersampling patients with lower intellectual
functioning, low motivation for change and lower-functioning
patients with BIF.

Clinical Implications

BIF among patients with SUD is common. Screening for
intellectual functioning should therefore always be considered
as part of the clinical practice, and treatment programs should

account for a significant sub-population of patients with co-
occuring SUD and intellectual impairments.

Clinicians should not only be wary of elevated levels of
psychological distress in patients with SUD (54), but also that
BIF may represent a potential added risk factor for detrimental
treatment outcomes, drug-seeking behavior and relapse. Studies
aimed at examining potential factors that mediate and moderate
the relationship between psychological distress and intellectual
functioning are therefore strongly warranted.

The current study could not establish a relationship between
BIF status and social adjustment, which further highlights the
importance of including data pertaining to everyday functioning
in the assessment and diagnosis of ID, as well as the classification
of borderline intellectual disability. Conjointly, measurements
of general intellectual functioning may, to a lesser degree,
predict social adjustment in patients with SUD. Furthermore,
the associated risk factors as well as the long-term rehabilitation
trajectories and prognosis of the co-occurrence of SUD and BIF
are mostly unknown and warrant further investigation.
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Abstract

Introduction: Cognitive impairments among patients with
substance use disorders are prevalent and associated with
adverse treatment outcomes. However, knowledge of the
predictive value of broad cognitive screening instruments on
long-term treatment outcomes is limited. The present study
aimed to examine the predictive value of measures from the
Montreal Cognitive Assessment® (MoCA®), Wechsler Abbre-
viated Scale of Intelligence (WASI), and the Behaviour Rating
Inventory of Executive Function — Adult version (BRIEF-A) on
self-reported long-term substance use and abstinence in
patients with polysubstance use disorders (pSUD). Methods:
A cohort (N = 164) of patients with pSUD who started a new
treatment sequence in the Stavanger University Hospital
catchment area were recruited and followed prospectively for
5 years. Participants completed neurocognitive testing with
the MoCA®, WASI, and BRIEF-A at inclusion and were cate-
gorized as cognitively impaired or non-impaired according to
recommended cut-off values. The sum score of the items
from the Drug Use Disorders Identification Test Consumption
scale (DUDIT-C) was used as a measure of substance use
outcome 1 and 5 years after inclusion. We defined substance
abstinence (DUDIT-C = 0) and heavy substance use (DUDIT-C

>7) to determine whether cognitive impairments measured
by the respective instruments were associated with and could
predict abstinence and heavy substance use 1 and 5 years
after baseline. Results: At the 1-year follow-up, 54% of the
total sample reported total abstinence from substances.
Conversely, 31% presented heavy substance use. At 5 years,
64% of the total sample reported abstinence from substances,
while 25% presented heavy substance use. The results
showed a statistically significant association between cog-
nitive impairment defined from MoCA® and higher contin-
uous scores on DUDIT-C at 1-year follow-up. There were no
differences in substance abstinence or heavy substance use
between patients with and without cognitive impairment at
the 1- and 5-year follow-ups. Furthermore, cognitive im-
pairment did not explain substance abstinence or heavy
substance use at the 1- and 5-year follow-ups. Conclusion:
Generally, individuals with pSUD may be burdened and lack
psychosocial resources to such an extent that cognitive
functioning plays a subordinate role in long-term recovery.
The present study suggests that results on screening tools
assessing broad cognitive domains at treatment initiation
have limited clinical value in predicting long-term substance
use outcomes. There is a need to establish clinically viable
instruments to assess cognitive functions with well-
established clinical and ecological validity in the SUD

population. © 2023 The Author(s).
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Introduction

The prevalence of cognitive impairments among pa-
tients with substance use disorders (SUDs) is estimated to
be between 30 and 80% [1, 2]. Such impairments may
cause a loss of cognitive and behavioural flexibility and
capacity to assimilate and engage in treatment pro-
grammes that often have an educative and cognitive
emphasis [3, 4]. Indeed, previous findings suggest that
cognitive impairments are associated with poorer SUD-
treatment outcomes through lower recognition of
problem use [5], lower treatment adherence [6], lower
outpatient therapy attendance (7], a high dropout rate
[8], relapse proneness [9], lower self-efficacy [10], and
reduced disposition to change and desire for help [11, 12].

Abstinence is often considered a safe approach and
the ultimate goal of SUD treatment [13]. Studies also
suggest abstinence improves the quality of life, psy-
chological distress, and executive function [14]. How-
ever, abstinence-based treatment may not be considered
realistic for all patients with a SUD. For some, the
primary clinical goal of treatment may rather be harm
reduction, sustaining or improving daily life function-
ing, and preventing debilitating heavy substance use. In
a clinical context, identifying long-term risk factors for
abstinence and heavy substance use is paramount to
tailor treatment to the patients’ needs. Although cog-
nitive impairments have been associated with adverse
short-term treatment outcomes from SUD treatment,
the ultralong-term outcome trajectories and recovery
patterns of patients with cognitive impairments are still
largely unknown. In fact, longitudinal studies investi-
gating cognitive predictors rarely exceed 12 months.

Treatment retention is considered a key predictor of
treatment outcome and constitutes a considerable chal-
lenge in treating patients with SUDs [15, 16]. Treatment
may significantly reduce substance intake, but remission
with or without abstinence and treatment is common [17,
18]. McKellar, Harris, and Moos [19] found that cognitive
impairment predicted treatment dropout but not sub-
stance intake 5 years after dropping out of treatment.
Thus, predictors of treatment dropout or early relapse
may not correspond to predictors of long-term outcomes.
Further longitudinal studies on associations between
cognitive function and treatment outcome are therefore
strongly called for.

Accurate identification of cognitive impairments may
be vital to enable personalized interventions. However,
identifying such impairments is challenging in non-
specialized clinical settings. Performance on cognitive
screening tests or self-reports of cognitive functioning

Long-Term Substance Use Outcomes

may not give an accurate impression of the patient’s
cognitive functioning and may even be more indicative of
psychological distress than neurocognitive function
[20-22]. In addition, there may be discrepancies between
a therapist’s clinical evaluation of neurocognitive status
and performance on neuropsychological tests [23]. Al-
though the gold standard entails a comprehensive neu-
ropsychological examination, time constraints and the
availability of personnel specialized in designing and
interpreting results from these examinations are limited.
Furthermore, anamnestic information may not be readily
available, and patients may show variable motivation and
attendance that impede the assessment efforts. As a result,
service providers commonly rely on short screening in-
struments measuring broad cognitive domains. However,
the criterion-related and, in particular, the ecological
validity of such cognitive screening instruments in terms
of long-term clinically relevant outcomes in patients
treated for a SUD is not well established [24].

Aim

The overall objective of the present study was to
evaluate the clinical value of including a set of well-known
and commonly used cognitive screening instruments
when patients with a polysubstance disorder (pSUD) are
enrolled in a treatment program. Specifically, the present
study aimed to (1) establish associations between cog-
nitive impairments measured by the Montreal Cognitive
Assessment® (MoCA®), Wechsler Abbreviated Scale of
Intelligence (WASI), and Behaviour Rating Inventory of
Executive Function - Adult version (BRIEF-A) and
substance intake at follow-ups 1 and 5 years after en-
rolling in a treatment programme, and (2) examine the
ability of the MoCA®, WASI, and BRIEF-A to predict
substance abstinence and heavy substance use in patients
with pSUD at the two follow-ups. Accordingly, we hy-
pothesize that cognitive impairment according to at least
one of the screening instruments will be associated with
increased substance use and predict non-abstinence and/
or heavy substance use at 1- and 5-year follow-ups after
enrolment.

Materials and Methods

Design

This study is based on data from the Stavanger Study of
Trajectories of Addiction (STAYER), a prospective longitudinal
cohort study of neurocognitive, psychological, and social recovery
in patients with SUD who started a new treatment sequence in the
Stavanger University Hospital catchment area in Norway.
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Setting

A total of 208 patients with SUD were recruited at convenience
from 10 specialized outpatient and residential SUD-treatment
facilities within the Stavanger University Hospital catchment
area between March 2012 and January 2016. To be eligible for
treatment in the Norwegian specialized SUD-treatment services,
patients must meet the criteria for either a diagnosis of Flx.1
harmful use, F1x.2 dependency syndrome, or F63.0 pathological
gambling as defined by the ICD-10 [25]. After a minimum of 2
weeks, a baseline assessment was performed to minimize con-
tamination from drug withdrawal and acute neurotoxic effects
from psychoactive substances [26]. Follow-up assessments were
conducted after 1 and 5 years. Participants were compensated
approximately EUR 40 for their participation. Trained research
personnel of the STAYER research group collected all data. Cli-
nicians working with the patient were naive to the assessment
results obtained in the current study.

Inclusion Criteria

The inclusion criteria were as follows: (a) patients enrolled in
the treatment program to which they were admitted for at least 2
weeks; (b) patients who met the diagnostic criteria for F1x.1 or
Flx.2; (c) patients over 16 years of age; and (d) patients who
reported polysubstance use defined as the consumption of multiple
substances within the last year before inclusion.

Measures

Demographic and neurocognitive data were obtained by
conducting semi-structured interviews by asking the patients to fill
out questionnaires and perform the selected cognitive tests at
baseline. Substance intake was measured as part of the 1- and 5-
year follow-up assessments [27].

The Montreal Cognitive Assessment (MoCA®) gives an overall
measure of cognitive function [28]. It samples behaviour across 14
performance tasks that engage multiple cognitive domains and is
scored in integers to obtain a total score between 0 and 30. MoCA®
has demonstrated excellent sensitivity and acceptable specificity to
identify mild cognitive impairment at a sum score equal to or
below 25 [28]. MoCA® has demonstrated good test-retest reli-
ability, good internal consistency, and sensitivity in detecting mild
cognitive impairment according to this cut-off value among pa-
tients with SUD [2, 24].

The Wechsler Abbreviated Scale of Intelligence (WASI) was
included to estimate intellectual function [29]. The WASI com-
prises four subtests, two verbal measures of crystallized intelligence
(vocabulary and similarities) and two nonverbal tests of fluent
intelligence (block design and matrix reasoning). WASI subtests
are similar to their Wechsler Adult Intelligence Scale - Third
Edition [30] counterparts but include different items. The full-
scale IQ (FSIQ) was selected to reflect a general intellectual
function (“g-factor”). Cognitive impairment was defined as a FSIQ
<86, which classifies participants with borderline intellectual
disability as cognitively impaired [31].

The BRIEF-A, a self-report questionnaire with high ecological
validity, was included to assess executive functioning in real-life
situations [32, 33]. The BRIEF-A comprises nine subscales and
three composite scores. We examined the validity scales of the
BRIEF-A and utilized the cut-off scores, age norms, and validation
criteria proposed by the original authors [32]. Elevated scores are
associated with substance use status and numerous social
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adjustment indicators in patients with SUDs [34]. A t-score of >65
on the BRIEF-A Global Executive Composite (GEC) score was
used to identify participants with cognitive impairment.

The Drug Use Identification Test (DUDIT) is a self-report
screening tool to assess substance consumption, substance be-
haviours, and substance-related problems [35]. The DUDIT
comprises 11 items that are reported on a five-point Likert scale
ranging from “never” to “four or more times a week.” We used the
four consumption items from the DUDIT (DUDIT-C) to gauge
substance intake [27] and the DUDIT-C continuous scores when
examining the association between substance intake and cognitive
performance. In addition, we defined two substance intake cate-
gories: total abstinence DUDIT-C score = 0 and heavy substance
use DUDIT-C score >7. In the original DUDIT protocol, subjects
reported substance use over the past 12 months. In the current
study, participants were enquired about substance intake per-
taining to the past 3 months.

Statistical Methods

Assumptions of normality were evaluated by inspection of Q-Q
plots and the Shapiro-Wilks test. To obtain optimal statistical
power, we opted not to exclude cases listwise when some cognitive
measures were missing or invalid. The DUDIT-C continuous
scores were significantly skewed at the 1- and 5-year follow-ups
(z-scores 4.56), and Mann-Whitney U test was performed to
evaluate differences between-group means. The ¥* test of inde-
pendence was used to analyse group differences for the categorical
variables. As multiple comparisons were made, Bonferroni ad-
justed p values were used to evaluate the statistical significance of
study dropout and the outcome variables of abstinence and heavy
use at the 1- and 5 year follow-ups. We ran separate logistic re-
gression models with abstinence and heavy use at the follow-ups as
the dependent variables and cognitive impairment defined
according to the specific cognitive screening tool (MoCA®, WASI,
or BRIEF-A), age, and gender as predictors. Statistics were con-
ducted using the statistical software package SPSS version 26 (IBM
Corp., released 2019).

Results

Of the 164 participants included in this study, 144
participants were available for the 1-year follow-up as-
sessment, and 108 participants were available for the 5-
year follow-up assessment. The flow of participants and
available data are presented in Figure 1. Note, only one
participant scored in the IQ range below 70 (IQ = 67).

Table 1 shows the demographic features of the sample
at baseline, presented separately for the cognitively im-
paired and non-impaired groups. Patients with cognitive
impairment were younger (Mdn = 24.0) than patients
without cognitive impairment (Mdn = 27.0), U = 5,808.5,
p = 0.028 when impairment was defined according to the
GEC scale from BRIEF-A.

Regarding cognitive performance at baseline, 33% of
the sample met the criterion for cognitive impairments
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Total STAYER sample N=208
Excluded:
Mone alcohol use n = 35
“““““ | Mono cannabis n = 1
Behavioral disordern = 8
Polysubstance use sample 164
Excluded from total pl
_____________________________________________________ o 1 Missing WASI protocol
2 Missing MoCA® protocols
, 19 invalid BRIEF-A protocols
Baseline Included 163 Included 162 Included 145 BRIEF-
measurements WASI protocols MoCA® protocols A protocols
Excluded from total pl
F- - Sl L ey e | 9 Drop-out
11 Unreachable at follow up
A,
Year 1 DUDIT-C Included 143 Included 142 Included 128»
measurements WASI protocols MoCA® protocols BRIEF-A protocols
Excluded from total pl
-------------------- e e e mm e m e m— e — == ————-3 38 Drop-out
18 Unreachable at follow up
Year 5 DUDIT-C Included 108 Included 106 Included 94«
measurements WASI protocols MoCA® protocols BRIEF-A protocols

Fig. 1. Flow of participant inclusion, exclusion and missing data at
baseline, 1-year, and 5-year follow-up measurements. Discrep-
ancies between (i) excluded participants from the total sample and
(ii) the number of included protocols at baseline and follow-up are
due to overlap between protocols already excluded at baseline and
participants who had dropped out or were unreachable at follow-

Table 1. Demographic features of the sample stratified accord

up. Thus, ® 17 BRIEF-A protocols were excluded at 1-year follow-
up measurements, and ® 55 WASI and © 51 BRIEF-A protocols
were excluded at 5-year follow-up measurements. MoCA®,
Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated
Scale of Intelligence; BRIEF-A, Behaviour Rating Inventory of
Executive Function - Adult version.

ing to cognitive impairment

Total MoCA® <26 WASI FSIQ BRIEF-A GEC
sample
Impaired?® Non-impaired®  Impaired? Non-impaired® Impaired? Non-impaired?
(n=53) (n =109) (n =30) (n=133) (n=87) (n =58)
Age at entry 27.6 (7.5) 27.6 (7.8) 27.6 (7.4) 26.0 (8.3) 279 (7.3) 27.6 (8.3)* 28.7 (5.6)
Male gender 107 (65.2) 35 (65.1) 71 (66.0) 18 (60.0) 88 (66.2) 60 (69.0) 36 (62.1)
Education at 116 (1.7) 11.6 (1.8) 11.6 (1.7) 113 (1.7) 11.7 (1.7) 11.5 (1.6) 11.8 (1.8)

entry, years

MoCA®, Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated Scale of Intelligence; BRIEF-A, Behaviour Rating Inventory
of Executive Function — Adult version. Numbers indicate mean (standard deviation) for the variables age and education, and n (%)

for gender. 2Sample at baseline. *p < 0.05.

according to MoCA®, 18% according to WASI, and 60%
according to BRIEF-A. At the 1-year follow-up, 54% of
the sample reported total abstinence from substances.
Conversely, 31% presented heavy substance use. At the

Long-Term Substance Use Outcomes

5-year follow-up, 64% of the sample reported abstinence
from substances, while 25% presented heavy substance
use. Nine (6%) participants dropped out of the study
before the 1-year follow-up assessment, and 38 (23%)
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Table 2. Substance use and study dropout measured at 1- and 5-year follow-ups stratified according to cognitive impairment

Total MoCA® WASI FSIQ BRIEF-A GEC
sample
Impaired? Non-impaired®  Impaired?® Non-impaired®  Impaired?® Non-impaired?
(n = 53) (n =109) (n = 30) (n =133) (n = 87) (n = 58)
Year 1

Study 9 (5.5) 5(94) 4 (3.7) 3 (10.0) 6 (4.5) 5(5.7) 3(5.2)
dropout

Total 78 (54.2) 19 (43.2) 57 (58.2) 12 (48.0) 66 (55.9) 37 (48.7) 32 (61.5)
abstinence

Heavy 45 (31.3) 17 (38.6) 28 (28.6) 8 (32.0) 36 (30.5) 27 (35.5) 13 (25.5)
substance
use

Year 5

Study 38 (23.2) 13 (24.5) 25 (22.9) 11 (36.7)* 26 (19.5)* 21 (24.7) 16 (27.6)
dropout

Total 69 (63.9) 23 (66.7) 45 (61.6) 8 (50.0) 61 (66.3) 36 (62.1) 24 (66.7)
abstinence

Heavy 27 (25.00 7 (21.2) 20 (27.4) 3(18.8) 24 (26.1) 14 (24.1) 9 (25.0)
substance
use

MoCA®, Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated Scale of Intelligence; BRIEF-A, Behaviour Rating Inventory
of Executive Function - Adult version. Numbers indicate n (%). At baseline, 162 MoCA® protocols, 163 WASI protocols, and
145 BRIEF-A protocols were analysed. At one-year follow-up, 142 MoCA® protocols, 143 WASI protocols, and 128 BRIEF-A protocols
were analysed. At 5-year follow-up, 106 MoCA® protocols, 108 WASI protocols, and 94 BRIEF-A protocols were analysed. There were
20 missing DUDIT-C protocols at 1 year and 56 missing DUDIT-C protocols at 5 years. *Smple at baseline. *p < 0.05. **Bonferroni

adjusted p values p < 0.003.

dropped out from the study before the assessment at the
5-year follow-up.

A statistically significant association between con-
tinuous DUDIT-C scores and overall cognitive perfor-
mance measures was only found for MoCA® at 1-year
follow-up, where a Mann-Whitney U test showed a
significant difference between patients with cognitive
impairment (Mdn = 4) and cognitively non-impaired
patients (Mdn = 0), U = 25,777, p = 0.043. We found no
differences in abstinence or heavy substance use between
patients defined with and without cognitive impair-
ments according to the included cognitive screening
tests. At a = 0.05, patients with cognitive impairment
measured by WASI were more likely to drop out of the
study than patients without cognitive impairment at the
5-year follow-up measurement x> (1, N=163) = 4.1, p =
0.043. However, this result lost statistical significance
after Bonferroni correction (0.05/18 = 0.003). Table 2
presents substance use and study dropout at 1- and 5-
year follow-ups, stratified according to cognitive im-
pairment measured by MoCA®, WASI, and BRIEF-A,
and the total sample.

154 Eur Addict Res 2023;29:150-159
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None of the predictors, including age and gender, were
statistically significant in the logistic regression models
exploring associations between the categorical substance
use outcome variables (abstinence and heavy use at year 1
or year 5 follow-up) and cognitive impairment defined
according to each of the cognitive screening tests
(MoCA®, WASI, or BRIEF-A) (shown in Table 3).

Discussion

We examined the ability of three standard cognitive
screening instruments to predict substance use 1 and
5 years after treatment initiation. As cognitive impair-
ments are well-established risk factors for adverse SUD-
treatment processes and outcomes [7, 8], we expected to
find negative clinical outcome behaviour among patients
defined as cognitively impaired according to at least one of
the screening instruments. The present results partly
confirmed this by showing a statistically significant as-
sociation between cognitive impairment according to
MoCA® and substance consumption at the 1-year follow-
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Table 3. Summary of logistic regression analysis with substance use as the dependent variable and impairment defined by MoCA®,
WASI, or BRIEF-A GEC, respectively, and age and gender as predictor variables

Dependent variable Predictor MoCA® WASI FSIQ BRIEF-A GEC
OR 95% Cl pvalue OR 95% Cl pvalue OR 95% Cl p value
Year 1, abstinent (Constant) 07 - 0.684 07 - 0.672 06 - 0.661
Cognitive impaired 0.6 03-1.1 0.111 0.7 03-1.8 0497 09 03-13 0.209
Age 1.0 1.0-1.1 0.547 1.0 1.0-1.1 0.660 1.0 1.0-1.1 0437
Gender 1.3 0.6-26 0.522 1.3 0.6-26 0485 1.3 06-29 0.501
Year 1, heavy substance use (Constant) 13 - 0.765 13 - 0.759 12 - 0.847
Cognitive impaired 1.5 0.7-3.2 0.271 1.0 04-26 0.980 1.5 07-34 0303
Age 1.0 09-1.0 0.358 1.0 09-26 0421 1.0 09-1.0 0.242
Gender 0.7 03-14 0.287 0.7 03-14 0.290 08 03-1.7 0.500
Year 5, abstinent (Constant) 1.1 - 0.949 1.1 - 0.924 09 - 0.906
Cognitive impaired 1.4 0.6-3.5 0416 05 02-15 0224 0.8 03-20 0.6%
Age 1.0 09-3.1 0.929 1.0 1.0-1.1 0.842 1.0 1.0-1.1 0.566
Gender 1.3 05-3.1 0574 14 06-32 0477 1.3 05-3.2 0.603
Year 5, heavy substance use (Constant) 05 - 0.611 05 - 0.555 07 - 0817
Cognitive impaired 0.7 0.2-19 0491 06 02-25 0518 09 04-25 0883
Age 1.0 09-1.1 0937 1.0 09-1.1 0.897 1.0 09-1.1 0.739
Gender 0.7 03-19 0517 0.7 03-19 0499 0.7 03-21 0542

MoCA®, Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated Scale of Intelligence; BRIEF-A, Behaviour Rating Inventory
of Executive Function — Adult version. At baseline, 162 MoCA® protocols, 163 WASI protocols, and 145 BRIEF-A protocols were
analysed. At 1-year follow-up, 142 MoCA® protocols, 143 WASI protocols, and 128 BRIEF-A protocols were analysed. At 5-year
follow-up, 106 MoCA® protocols, 108 WASI protocols, and 94 BRIEF-A protocols were analysed. There were 20 missing DUDIT-C
protocols at 1 year and 56 missing DUDIT-C protocols at 5 years. *p < 0.05.

up. Surprisingly, but in line with McKellar, Harris, and
Moos [19], we did not find any disparities between cog-
nitive impairment according to any of the cognitive
screening instruments and any long-term clinically rele-
vant substance use outcomes. Furthermore, according to
MoCA®, WASI, and BRIEF-A scores, cognitive impair-
ment did not predict substance abstinence or heavy
substance use at the 1- and 5-year follow-ups.

In this study, the frequency of cognitive dysfunction
varies between screening instruments. MoCA® identified
a frequency rate of 33%, comparable to previous studies
in SUD populations [2]. All participants with an im-
pairment defined according to WASI had a FSIQ in the
range of 50-85, labelled mild to borderline intellectual
disability [31]. A frequency of 18% within this range is
somewhat lower than prevalence rates of 30-39% re-
ported in previous studies of patients with SUD [12, 31].
Lastly, the frequency of cognitive impairment defined
according to BRIEF-A was 60%, comparable to the 63%
frequency reported by McKowen et al. [36].

Abstinence was found to be common among all par-
ticipants, regardless of cognitive impairment (54-64%).
Conversely, 25-31% of all participants reported heavy
substance use regardless of cognitive impairment. These

Long-Term Substance Use Outcomes

findings align with some previous studies that have
demonstrated a disconnection between cognitive impair-
ment and behaviour considered relevant for successful
SUD treatment, such as treatment retention, attendance,
and substance use outcomes [19, 37].

Cognitive impairment is shown to be a risk factor for
relapse during or shortly after treatment [31, 38, 39].
Furthermore, cognitive impairment has been shown to
predict treatment dropout, which is a risk factor for relapse
per se [8]. However, the current study suggests a limited
value of using sum scores from standard screening in-
struments designed to assess broad cognitive domains,
such as the WASIL, MoCA®, and BRIEF-A, as predictors of
long-term substance use. Moreover, the inability of
MoCA® to predict long-term outcomes is of particular
interest because it is commonly utilized in clinical settings,
and studies are emphasizing its ability to detect cognitive
impairments in SUD populations [24]. Other studies have
suggested that performance on MoCA® can be used to
predict several clinically relevant outcome variables, such
as dropout from residential treatment facilities [40].
However, the MoCA® was not developed specifically to
detect cognitive impairments in SUD populations. Some
items may be redundant, and MoCA® may not adequately
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test all cognitive functions relevant for SUD recovery. For
example, the instruments utilized in the current study did
not assess decision-making and emotion-driven response
inhibition, although these cognitive components may be
vital in predicting long-term substance intake [9, 41].
Indeed, this study classified participants as cognitively
impaired or non-impaired based on a single aggregated
cut-off which may have oversimplified the multidimen-
sional nature of the neuropsychological functions and
abilities required for SUD recovery [42]. Additional studies
including more detailed information within MoCA®, and
the two other instruments included in the present study are
thus called for.

The predictive value of cognitive impairment may be
attenuated in patients with pSUD as they may have a
more severe clinical profile than patients with a mono-
substance use disorder. Compared with mono-substance
users, polysubstance users have an earlier onset of sub-
stance use [43], are younger [44], have higher levels of
psychological distress and personality disorders [43, 45],
poorer social adjustment [46], and lower socioeconomic
status [47]. Studies suggest that these characteristics are
associated with an increased risk of dropout and relapse
[8, 48-52]. Generally, individuals with pSUD may be
burdened and lack psychosocial resources to such an
extent that cognitive functioning plays a subordinate role
in long-term recovery. Alternatively, other psychosocial
factors may play a more prominent role in later phases of
the recovery process.

Strengths and Limitations

There are few screening instruments for cognitive
impairment in adults with SUDs, and the predictive
validity of current instruments related to key clinical
variables is not sufficiently established [24]. SUDs are
recognized as persistent diseases and limit the validity of
outcome measurements from longitudinal studies of
short duration. The current study is among the few
studies examining long-term clinical outcomes among
patients with co-occurring SUD and cognitive impair-
ments. Moreover, this is the first study that has compared
the predictive value of three standard clinical screening
instruments on long-term substance intake in a repre-
sentative cohort of patients with a SUD. The current
study provides additional insight by utilizing clinically
significant substance outcome categories.

The STAYER cohort represents a heterogeneous pa-
tient group recruited from several specialized and diverse
SUD-treatment facilities. The universal access to health
care in Norway allows for the collection of a more
comprehensive sample relative to countries where care is

156 Eur Addict Res 2023;29:150-159
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privatized and costly. The study targets polysubstance
users, representing up to 91% of treatment-seeking pa-
tients [53]. Thus, the study utilizes a highly representative
and clinically relevant sample. This allows the results to
be generalizable to the broader clinical SUD services. The
STAYER research group has also been well funded and
utilized elaborate tracking and follow-up strategies to
ensure a high retention rate and few missing data
entries [54].

The main limitation still concerns missing data, par-
ticularly at the 5-year follow-up. As with all longitudinal
studies, missing data and a high attrition rate compro-
mise the internal and external validity of the current
study. Despite the efforts to ensure high retention, the
research group could not obtain data on several partic-
ipants at follow-up measurements, which adds to the
study dropout attrition rate. This leaves a total of 34% of
the patients without DUDIT-C results at the 5-year
follow-up.

Although the cognitive assessments were performed a
minimum of 2 weeks after substance cessation, the
timeframe from detoxification to assessment may be too
short for some participants to measure stable neuro-
cognitive impairment. However, studies of long-term
recovery have not always required 2-week substance
abstinence [55]. In addition, the frequency of cognitive
dysfunction according to MoCA® and BRIEF-A found in
the current study is comparable to results reported in
previous studies in SUD populations.

The current study does not include data on substance
intake dynamics before and between the assessments.
Thus, substance use measurements reflect the participants’
substance intake only at a particular moment in time and
may fail to capture the dynamic nature of recovery and
relapse [56]. Although substance use may reflect a com-
prehensive understanding of recovery in substance use
treatment, it is an insufficient requirement to conceptu-
alize long-term recovery. Extensive changes pertaining to
dimensions of connectedness, identity, meaning in life,
occupation, and meaningful positive social relations are
essential to handle the moderation of substance use [57]
and should be considered a treatment goal per se.

We have not controlled for comorbid mental disor-
ders. Affective states, such as dysphoria, depression, and
anxiety, may be an integral and core functional element in
SUDs [58]. Indeed, findings have shown that scores on
WASI, MoCA®, and BRIEF-A are associated with psy-
chological distress in SUD populations [21, 22, 59].
However, this issue is of limited relevance here, as the
purpose of the current study was to determine the extent
to which results on the cognitive screening instruments
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can be used to predict long-term substance use outcomes,
independent of aetiology.

The selected DUDIT-C cut-off score defining heavy
substance use resulted in a modest sample size for that
subsample. This might have contributed to driving the
null findings at the 5-year follow-up. Furthermore, the
sample included few patients with impaired intellectual
functioning. The STAYER cohort was recruited using
convenience sampling from a clinical setting, and is
thus vulnerable to ascertainment biases by under-
sampling patients in the lower end of intellectual
functioning and with weak motivation for change. We
did not find an increased dropout rate for participants
with cognitive impairment according to WASI after
Bonferroni correction. Nevertheless, it is still possible
that a greater study dropout rate masks true differences
in substance use behaviour in patients with impaired
intellectual functioning due to low statistical power or
that patients with impaired intellectual functioning and
worse substance use outcomes had an increased risk of
study dropout.

Clinical Implications

According to our findings, cognitive impairment’s
predictive value for long-term treatment outcomes may
be limited. In a clinical context, this is an optimistic
outcome due to the high frequency of cognitive deficits in
the SUD population. The results from screening with
instruments assessing broad cognitive domains at treat-
ment initiation should be interpreted with caution when
informing treatment strategies. Conclusions must be
supported by medical history, psychiatric and functional
assessment, and a more comprehensive neuro-
psychological assessment. Recent efforts to develop
cognitive screening instruments for the SUD population
are promising [60]. However, the predictive validity of
clinically relevant variables is not sufficiently established.
Consequently, there is a need to establish clinically viable
instruments with well-established clinical and ecological
validity to assess cognitive functions in the SUD pop-
ulation. In addition, trajectories in SUD recovery among
individuals with and without cognitive impairments
warrant further investigation.

References

1 Bates ME, Bowden SC, Barry D. Neuro-
cognitive impairment associated with alcohol
use disorders: implications for treatment. Exp
Clin Psychopharmacol. 2002;10(3):193-212.

2009;17(5):337-44.

Long-Term Substance Use Outcomes

2 Copersino ML, Fals-Stewart W, Fitzmaurice
G, Schretlen DJ, Sokoloff J, Weiss RD. Rapid
cognitive screening of patients with substance
use disorders. Exp Clin Psychopharmacol.

Acknowledgments

The authors would like to extend their sincere gratitude to the
participants in STAYER, and the staff of the participating clinical
services, the KORFOR staff, and in particular, Thomas Solgard
Svendsen, Anne-Lill Mjolhus Njaa, and Janne Aarstad, who col-
lected all the data.

Statement of Ethics

This study protocol was reviewed and approved by the Regional
Ethics Committee West, University of Bergen, approval reference
REK 2011/1877. The research was conducted according to its
guidelines and those of the Helsinki Declaration (1975). All
participants gave written informed consent.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

The Western Norway Regional Health Authority, Strategic
Initiative for Substance Use Research, grant number 912003, and
the Department of Research and Education, Division of Psychi-
atry, Stavanger University Hospital, funded this research.

Author Contributions

Jens Hetland, Egon Hagen, and Aleksander Hagen Erga con-
ceptualized and designed the study. Jens Hetland wrote the first
draft and revised the manuscript. Jens Hetland and Aleksander
Hagen Erga performed the analyses. Egon Hagen, Aleksander
Hagen Erga, and Astri Johansen Lundervold made critical revi-
sions of the manuscript. Aleksander Hagen Erga and Astrid
Johansen Lundervold supervised the study. All authors contrib-
uted to the article and approved the submitted version.

Data Availability Statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation. Further
enquiries can be directed to the corresponding author.

3 Teichner G, Horner MD, Roitzsch JC, Herron
J, Thevos A. Substance abuse treatment out-
comes for cognitively impaired and intact
outpatients. Addict Behav. 2002;27(5):751-63.

Eur Addict Res 2023;29:150-159 157
DOI: 10.1159/000528921

€202 18900 1| uo 1senb Aq Jpd"| 26825000/ L5¥66€/0G L/2/6Z/IPd-a[oiIE/1e8/WO00" 1aBleNY//:dNY WOl papeojumoq



'

5]

=

~

=3

o

—_
S

—
0

—
W

Bates ME, Buckman JF, Nguyen TT. A role
for cognitive rehabilitation in increasing the
effectiveness of treatment for alcohol use
disorders. Neuropsychol Rev. 2013;23(1):
27-47.

Severtson SG, von Thomsen S, Hedden SL,
Latimer W. The association between execu-
tive functioning and motivation to enter
treatment among regular users of heroin and/
or cocaine in Baltimore, MD. Addict Behav.
2010;35(7):717-20.

Bates ME, Pawlak AP, Tonigan ]S, Buckman
JE. Cognitive impairment influences drinking
outcome by altering therapeutic mechanisms
of change. Psychol Addict Behav. 2006;20(3):
241-53.

Copersino ML, Schretlen D], Fitzmaurice
GM, Lukas SE, Faberman J, Sokoloff ], et al.
Effects of cognitive impairment on substance
abuse treatment attendance: predictive vali-
dation of a brief cognitive screening measure.
Am ] Drug Alcohol Abuse. 2012;38(3):
246-50.

Brorson HH, Ajo Arnevik E, Rand-Hen-
driksen K, Duckert F. Drop-out from ad-
diction treatment: a systematic review of risk
factors. Clin Psychol Rev. 2013;33(8):
1010-24.

Barreno EM, Dominguez-Salas S, Diaz-
Batanero C, Lozano OM, Marin JAL, Ver-
dejo-Garcia A. Specific aspects of cognitive
impulsivity are longitudinally associated with
lower treatment retention and greater relapse
in therapeutic community treatment. J Subst
Abuse Treat. 2019;96:33-8.

Worley MJ, Tate SR, Granholm E, Brown SA.
Mediated and moderated effects of neuro-
cognitive impairment on outcomes of treat-
ment for substance dependence and major
depression. ] Consult Clin Psychol. 2014;
82(3):418-28.

Blume AW, Marlatt GA. The role of executive
cognitive functions in changing substance
use: what we know and what we need to
know. Ann Behav Med. 2009;37(2):117-25.
Luteijn I, Didden R, der Nagel JV. Individuals
with mild intellectual disability or borderline
intellectual functioning in a forensic addic-
tion treatment center: prevalence and clinical
characteristics. Adv Neurodev Disord. 2017
Dec 1;1:240-51.

Davis AK, Rosenberg H. Acceptance of non-
abstinence goals by addiction professionals in
the United States. Psychol Addict Behav.
2013;27(4):1102-9.

Hagen E, Erga AH, Hagen KP, Nesvag SM,
McKay JR, Lundervold AJ, et al. One-year
sobriety improves satisfaction with life, ex-
ecutive functions and psychological distress
among patients with polysubstance use dis-
order. ] Subst Abuse Treat. 2017;76:81-7.
De Leon G, Jainchill N. Circumstance, mo-
tivation, readiness and suitability as correlates
of treatment tenure. ] Psychoactive Drugs.
1986;18(3):203-8.

—
oo

20

2

—

2

N

2

3y

24

2

@

26

2

~

2

®©

29

30

Dalsbo TK, Hammerstrem KT, Vist GE,
Gjermo H, Smedslund G, Steiro A, et al.
Psychosocial interventions for retention in
drug abuse treatment. Cochrane Database
Syst Rev. 2010(1).

Dawson DA, Grant BF, Stinson FS, Chou PS,
Huang B, Ruan WJ. Recovery from DSM-IV
alcohol dependence: United States, 2001-
2002. Addiction. 2005 Mar;100(3):281-92.
Tucker JA, Chandler SD, Witkiewitz K. Ep-
idemiology of recovery from alcohol use
disorder. Alcohol Res. 2020;40(3):02.
McKellar JD, Harris AH, Moos RH. Predic-
tors of outcome for patients with substance-
use disorders five years after treatment
dropout. J Stud Alcohol. 2006;67(5):685-93.
Verdejo-Garcia A, Pérez-Garcia M. Sub-
stance abusers’ self-awareness of the neuro-
behavioral ~consequences of addiction.
Psychiatry Res. 2008;158(2):172-80.
Shwartz SK, Roper BL, Arentsen TJ, Crouse
EM, Adler MC. The behavior rating inven-
tory of executive function®-adult version is
related to emotional distress, not executive
dysfunction, in a veteran sample. Arch Clin
Neuropsychol. 2020;35(6):701-16.

Hetland J, Braatveit KJ, Hagen E, Lundervold
AJ, Erga AH. Prevalence and characteristics
of borderline intellectual functioning in a
cohort of patients with polysubstance use
disorder. Front Psychiatry. 2021;12:651028.
Fals-Stewart W. Ability to counselors to de-
tect cognitive impairment among substance-
abusing patients: an examination of diag-
nostic efficiency. Exp Clin Psychopharmacol.
1997;5(1):39-50.

Ko KY, Ridley N, Bryce SD, Allott K, Smith A,
Kamminga J. Screening tools for cognitive
impairment in adults with substance use
disorders: a systematic review. J Int Neuro-
psychol Soc. 2021;28(7):756-79.

World Health Organization. The ICD-10
classification of mental and behavioural
disorders: clinical descriptions and diagnostic
guidelines. Geneva: World Health Organi-
zation; 1992.

Miller L. Neuropsychological assessment of
substance abusers: review and recommen-
dations. ] Subst Abuse Treat. 1985;2(1):5-17.
Berman AH, Wennberg P, Sinadinovic K.
Changes in mental and physical well-being
among problematic alcohol and drug users in
12-month internet-based intervention trials.
Psychol Addict Behav. 2015;29(1):97-105.
Nasreddine ZS, Phillips NA, Bédirian V,
Charbonneau S, Whitehead V, Collin 1, et al.
The montreal cognitive assessment, MoCA: a
brief screening tool for mild cognitive im-
pairment. ] Am Geriatr Soc. 2005;53(4):
695-9.

Wechsler D. Wechsler abbreviated scale of
intelligence WASI: manual. San Antonio
(TX): Pearson/PsychCorp; 1999.

Wechsler D, Psychological C. WAIS-III :
administration and scoring manual: wechsler
adult intelligence scale. San Antonio (TX):
Psychological Corporation; 1997.

158

Eur Addict Res 2023;29:150-159

DOI: 10.1159/000528921

3

3

3

3

3

3

3

3

i

2

3

4

a

6

N

8

39

40

4

=

Braatveit KJ, Torsheim T, Hove O. The
prevalence and characteristics of intellectual
and borderline intellectual disabilities in a
sample of inpatients with substance use
disorders: preliminary clinical results. ] Ment
Health Res Intellect Disabilities. 2018;11(3):
203-20.

Roth R, Isquith P, Gioia G. Behavior rating
inventory of executive function - adult ver-
sion (BRIEF-A). Lutz (FL): Psychological
Assessment Resources; 2005.

Roth RM, Lance CE, Isquith PK, Fischer AS,
Giancola PR. Confirmatory factor analysis of
the behavior rating inventory of executive
function-adult version in healthy adults and
application to attention-deficit/hyperactivity
disorder. Arch Clin Neuropsychol. 2013;
28(5):425-34.

Hagen E, Erga AH, Hagen KP, Nesvdg SM,
McKay JR, Lundervold AJ, et al. Assessment
of executive function in patients with sub-
stance use disorder: a comparison of inven-
tory- and performance-based assessment.
J Subst Abuse Treat. 2016;66:1-8.

Voluse AC, Gioia CJ, Sobell LC, Dum M,
Sobell MB, Simco ER. Psychometric prop-
erties of the drug use disorders identification
test (DUDIT) with substance abusers in
outpatient and residential treatment. Addict
Behav. 2012;37(1):36-41.

McKowen J, Carrellas N, Zulauf C, Ward EN,
Fried R, Wilens T. Factors associated with
attrition in substance using patients enrolled
in an intensive outpatient program. Am
J Addict. 2017;26(8):780-7.

Aharonovich E, Brooks AC, Nunes EV, Hasin
DS. Cognitive deficits in marijuana users:
effects on motivational enhancement therapy
plus cognitive behavioral therapy treatment
outcome. Drug Alcohol Depend. 2008;95(3):
279-83.

Verdejo-Garcia A, Albein-Urios N, Marti-
nez-Gonzalez JM, Civit E, de la Torre R,
Lozano O. Decision-making impairment
predicts 3-month hair-indexed cocaine re-
lapse.  Psychopharmacology. 2014 Oct;
231(21):4179-87.

Czapla M, Simon JJ, Richter B, Kluge M,
Friederich H-C, Herpertz S, et al. The impact
of cognitive impairment and impulsivity on
relapse of alcohol-dependent patients: im-
plications for psychotherapeutic treatment.
Addict Biol. 2015;21(4):873-84.

Semhovd M, Hagen E, Bergly T, Arnevik EA.
The montreal cognitive assessment as a
predictor of dropout from residential sub-
stance use disorder treatment. Heliyon. 2019;
5(3):¢01282.

Verdejo-Garcia A. Neuroclinical assessment
of addiction needs to incorporate decision-
making measures and ecological validity. Biol
Psychiatry. 2017 Apr 1;81(7):e53-4.

Hetland/Hagen/Lundervold/Erga

€202 18900 1| uo 1senb Aq Jpd"| 26825000/ L5¥66€/0G L/2/6Z/IPd-a[oiIE/1e8/WO00" 1aBleNY//:dNY WOl papeojumoq



4

4

4

4

4

4

]

@

4

[

=)

N

Fals-Stewart W, Bates ME. The neuro-
psychological test performance of drug-
abusing patients: an examination of latent
cognitive abilities and associated risk factors.
Exp Clin Psychopharmacol. 2003;11(1):
34-45.

Preti E, Prunas A, Ravera F, Madeddu F.
Polydrug abuse and personality disorders in a
sample of substance-abusing inpatients.
Mental health and substance use: dual di-
agnosis. Ment Health Subst Use. 2011;4(3):
256-66.

Bhalla IP, Stefanovics EA, Rosenheck RA.
Clinical epidemiology of single versus mul-
tiple substance use disorders: polysubstance
use disorder. Med Care. 2017 Sep;55(Suppl 9
Suppl 2):524-32.

Booth BM, Curran G, Han X, Wright P, Frith
S, Leukefeld C, et al. Longitudinal relation-
ship between psychological distress and
multiple substance use: results from a three-
year multisite natural-history study of rural
stimulant users. J Stud Alcohol Drugs. 20105
71(2):258-67.

Quek LH, Chan GCK, White A, Connor JP,
Baker PJ, Saunders JB, et al. Concurrent and
simultaneous polydrug use: latent class
analysis of an Australian nationally repre-
sentative sample of young adults. Front
Public Health. 2013;1:61.

Bourgault Z, Rubin-Kahana DS, Hassan AN,
Sanches M, Le Foll B. Multiple substance use
disorders and self-reported cognitive func-
tion in U.S. Adults: associations and sex-
differences in a nationally representative
sample. Front Psychiatry. 2022;12:797578.

Long-Term Substance Use Outcomes

48

49

50

5

-

52

5

@

Agosti V, Nunes E, Ocepeck-welikson K.
Patient factors related to early attrition from
an outpatient cocaine research clinic. Am
] Drug Alcohol Abuse. 1996;22(1):29-39.
Flynn PM, Brown BS. Co-occurring disorders
in substance abuse treatment: issues and
prospects. J Subst Abuse Treat. 2008;34(1):
36-47.

Andersson HW, Steinsbekk A, Walderhaug
E, Otterholt E, Nordfjeern T. Predictors of
dropout from inpatient substance use treat-
ment: a prospective cohort study. Subst
Abuse. 2018;12:1178221818760551.

Daigre C, Perea-Ortueta M, Berenguer M,
Esculies O, Sorribes-Puertas M, Palma-
Alvarez R, et al. Psychiatric factors affecting
recovery after a long term treatment program
for substance use disorder. Psychiatry Res.
2019;276:283-9.

Simsek M, Ding M, Ogel K. Determinants of
the addiction treatment drop-out rates in an
addiction counseling centre: a cross-sectional
study. Psychiatry Clin Psychopharmacol.
2019;29(4):446-54.

Onyeka IN, Uosukainen H, Korhonen M]J,
Beynon C, Bell JS, Ronkainen K, et al.
Sociodemographic characteristics and drug
abuse patterns of treatment-seeking illicit
drug abusers in Finland, 1997-2008: the
huuti study. ] Addict Dis. 2012;31(4):350-62.
Svendsen TS, Veseth M, McKay JR, Bjor-
nestad J, Erga AH, Moltu C, et al. Securing
participant engagement in longitudinal sub-
stance use disorder recovery research: a
qualitative exploration of key retention fac-
tors. ] Psychosoc Rehabil Ment Health. 2021;
8(3):247-59.

55

56

5

N

58

59

60

Fernandez-Serrano M]J, Pérez-Garcia M,
Verdejo-Garcia A. What are the specific vs.
generalized effects of drugs of abuse on
neuropsychological performance? Neurosci
Biobehav Rev. 2011;35(3):377-406.

Moe FD, Moltu C, McKay JR, Nesvag S,
Bjornestad J. Is the relapse concept in studies
of substance use disorders a ‘one size fits all’
concept? A systematic review of relapse
operationalisations. Drug Alcohol Rev. 2022;
41(4):743-58.

Bjornestad J, McKay JR, Berg H, Moltu C,
Nesvag S. How often are outcomes other than
change in substance use measured? A sys-
tematic review of outcome measures in
contemporary randomised controlled trials.
Drug Alcohol Rev. 2020 May;39(4):394-414.
Kwako LE, Momenan R, Litten RZ, Koob GF,
Goldman D. Addictions neuroclinical as-
sessment: a neuroscience-based framework
for addictive disorders. Biol Psychiatry. 2016;
80(3):179-89.

D’Hondt F, Lescut C, Maurage P, Menard O,
Gibour B, Cottencin O, et al. Psychiatric
comorbidities associated with a positive
screening using the montreal cognitive as-
sessment (MoCA) test in subjects with severe
alcohol use disorder. Drug Alcohol Depend.
2018;191:266-9.

Berry J, Nardo T, Sedwell A, Lunn ], Marceau
EM, Wesseling A, et al. Development and
validation of the brief executive-function
assessment tool (BEAT). Sydney: Agency
for Clinical Innovation; 2020.

Eur Addict Res 2023;29:150-159

DOI: 10.1159/000528921

159

€202 18900 1| uo 1senb Aq Jpd"| 26825000/ L5¥66€/0G L/2/6Z/IPd-a[oiIE/1e8/WO00" 1aBleNY//:dNY WOl papeojumoq



European
Addiction
Research

Erratum

Eur Addict Res 2023;29:373
DOI: 10.1159/000533445

Published online: August 31, 2023

In the article “Performance on Cognitive Screening Tests and Long-Term Substance
Use Outcomes in Patients with Polysubstance Use Disorder” [Eur Addict Res
2023;29(2):150-159, DOI: 10.1159/000528921] by Hetland et al., the reported odds ratios
for cognitive status and gender were incorrectly reported in Table 3. Following publica-
tion, the authors identified an error in the logistic regression analyses’ predictor variables.
The categorical predictor variables were mistakenly defined as scaled variables for the
purposes of conducting the analysis. Consequently, the reported odds ratios for cognitive
status and gender were presented in Table 3 as if they were scaled variables instead of cat-
egorical variables. To rectify this, the authors reanalyzed the data, ensuring the predictor
variables were correctly defined.

The corrected Table 3 is shown here.

Table 3. Summary of logistic regression analysis with substance use as the dependent variable and impairment defined by MoCA®,
WASI, or BRIEF-A GEC, respectively, age and gender as predictor variables

Dependent Predictor MoCA® WASI FSIQ BRIEF-A GEC
el OR 95% Cl  pvalue OR 95% Cl  pvalue OR 95% Cl  pvalue
Year 1 Abstinent (Constant) 0.6 - 0.483 0.8 - 0.804 0.7 - 0.585
Cognitive 1.8 0.9-3.7 0.111 14 0.6-3.2  0.497 1.6 0.8-33  0.209
impaired
Age 1.0 1.0-1.1  0.547 1.0 1.0-1.1  0.660 1.0 1.0-1.1 0437
Gender 0.8 04-1.6 0.522 0.8 04-1.6  0.485 0.8 04-1.7 0501
Year 1 Heavy (Constant) 0.9 - 0.845 0.6 - 0.496 1.1 - 0.937
substance use Cognitive 0.7 03-14 0.271 1.0 04-2.5 0.952 0.7 0.3-15 0303
impaired
Age 1.0 0.9-1.0 0.356 1.0 09-1.0 0421 1.0 09-1.0 0.242
Gender 15 0.7-3.4 0.287 1.5 0.7-3.4  0.290 13 0.6-3.1  0.500
Year 5 Abstinent (Constant) 2.5 - 0.272 1.1 - 0.945 1.2 - 0.852
Cognitive 0.7 03-1.7 0416 1.9 0.7-57 0.224 1.2 0.5-29 0.694
impaired
Age 1.0 0.9-1.1 0.929 1.0 1.0-1.1  0.842 1.0 1.0-1.1  0.566
Gender 0.8 03-19 0.574 0.7 03-1.7 0477 0.8 0.3-2.0 0.603
Year 5 Heavy (Constant) 0.2 - 0.089 0.2 - 0.090 0.4 - 0.294
substance use Cognitive 1.4 0.5-3.8 0.491 1.6 04-6.0 0.518 1.1 04-2.8 0.883
impaired
Age 1.0 09-1.1 0.937 1.0 09-1.1  0.897 1.0 09-1.1 0.739
Gender 14 0.5-3.6 0.517 14 0.5-3.7  0.499 1.4 0.5-3.9 0.542

MoCA®, Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated Scale of Intelligence; BRIEF-A, Behavior Rating Inventory of Ex-
ecutive Function — Adult version. At baseline, 162 MoCA® protocols, 163 WASI protocols, and 145 BRIEF-A protocols were analysed. At
1-year follow-up, 142 MoCA® protocols, 143 WASI protocols, and 128 BRIEF-A protocols were analysed. At 5-year follow-up, 106 MoCA®
protocols, 108 WASI protocols, and 94 BRIEF-A protocols were analysed. There were 20 missing DUDIT-C protocols at 1 year and 56 missing
DUDIT-C protocols at 5 years. *p < 0.05.
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Abstract

Background: The association between polysubstance use disorder (pSUD), mental illness, and
cognitive impairments is well established and linked to negative outcomes in substance use
disorder treatment. However, it remains unclear whether cognitive impairment predicts long-
term psychological distress among treatment seeking patients with pSUD. This study aimed to
investigate the associations and predictive ability of cognitive impairment on psychological

distress one and five years after treatment initiation.

Methods: N = 164 treatment seeking patients with pSUD were sampled at treatment initiation.
We examined associations between cognitive impairment according to Montreal Cognitive
Assessment® (MoCA®), Wechsler Abbreviated Scale of Intelligence (WASI), and Behaviour
Rating Inventory of Executive Function - Adult version (BRIEF-A) administered at treatment
initiation and psychological distress defined by the Symptom Check List-90-Revised (SCL-90-
R) at treatment initiation, one and five years later. We ran hierarchical logistic regressions to
assess the predictive ability of the respective cognitive instruments administered at treatment
initiation on psychological distress measured one and five years later including psychological

distress at treatment initiation and substance intake at the measurements as covariates.

Results: The main results was that MoCA® and BRIEF-A predicted psychological distress at
years one and five, but BRIEF-A lost predictive power when accounting for psychological
distress at treatment initiation. Moreover, substance intake at follow-ups and psychological
distress at treatment initiation were stronger predictors of psychological distress than cognitive

impairment.

Conclusions: MoCA® may be less sensitive to psychopathology-driven cognitive impairments
than BRIEF-A. The explanatory power of cognitive impairment at treatment initiation on later
psychological distress is limited. Further studies should investigate the cost-benefit ratio of
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implementing routine screening for psychological distress in patients with pSUD as opposed to

conducting a comprehensive diagnostic assessment for all.

Keywords: MoCA, BRIEF-A, substance use disorder, cognitive impairment, mental illness,

intellectual impairment

Background

Addressing mental health is pivotal to the treatment of substance use disorders (SUDs) due to
its effect on quality of life, treatment retention and risk of relapse (1-8). Elevated psychological
distress impedes individuals’ capacity to engage in long-term objectives of psychosocial
improvement and moderation of substance use (9) but also results in a perception of unmet
treatment needs, particularly among male patients with SUDs (10). Therefore, it is imperative
to identify risk factors influencing long-term mental health to optimize the efficiency of SUD

treatment.

The relationship between SUDs, mental health and cognitive functioning is intricately
intertwined (11-13). Epidemiological and clinical studies link SUD to a host of mental illnesses,
such as mood and anxiety disorders, attention-deficit hyperactivity disorder, psychosis,
personality disorders, suicidality and general psychological distress (12, 14-20). Executive
dysfunction, and cognitive impairments in general, are suggested to be a transdiagnostic
dimension in psychopathology (21). Indeed, psychological distress and several psychiatric
disorders are associated with both specific deficits in executive function and general

neurocognitive impairments, including impaired intellectual functioning. (22-32). The



manifestation of cognitive impairment in apparently recovered patient cohorts implies that
some cognitive impairments associated with mental illness may possess trait-like qualities (23,

33, 34).

Psychological distress and executive deficits are also considered integral transdiagnostic
components of SUD and map to the withdrawal/negative affect and preoccupation/anticipation
stages in the addiction cycle (11, 35-37). Moreover, elevated psychological distress has also
been linked with cognitive impairments in patients with SUD (38-40). This is noteworthy
because cognitive impairments negatively affect several treatment processes and therapeutic
change mechanisms (41-44) as well as treatment outcomes such as rates of drop-out (6, 45, 46)

and relapse (47-49).

Despite the recognized link between SUD, psychological distress, and cognition, there is
surprisingly little knowledge about the influence of cognitive functioning on long-term

psychological distress among patients with SUD at treatment initiation.

Aim

This study aims to 1) establish associations between cognitive impairments measured by three
screening instruments at baseline, the Montreal Cognitive Assessment® (MoCA®), Wechsler
Abbreviated Scale of Intelligence (WASI) and Behaviour Rating Inventory of Executive
Function - Adult version (BRIEF-A), and psychological distress measured according to self-
reports on the Symptom Checklist 90 Revised (SCL-90-R) one and five years after enrolment
in a treatment programme and 2) examine the ability of the MoCA®, WASI and BRIEF-A to
predict psychological distress in patients with polysubstance use disorders at the two follow-up

time points. Accordingly, we hypothesize that cognitive impairment according to at least one



instrument will be associated with increased substance use and predicted elevated distress at

follow-ups one and five years after enrolment.

Methods

Design

This study is part of the Stavanger Study of Trajectories of Addiction (STAYER), a prospective
longitudinal cohort study of neurocognitive, psychological and social recovery in patients with
SUD who initiated a new treatment sequence in the Stavanger University Hospital catchment

area in Norway.

Setting

Two hundred and eight patients were recruited at convenience from 10 specialized outpatient
and residential SUD treatment facilities within the Stavanger University Hospital catchment
area between March 2012 and January 2016. The eligibility criteria for treatment in specialized
SUD-treatment services in Norway require patients to meet the diagnostic criteria for either
F1x.1 harmful use, F1x.2 dependency syndrome, or F63.0 pathological gambling as defined by
the ICD-10 (50). Participants were compensated approximately EUR 40 for their participation.
Baseline assessment was performed after a minimum of two weeks of abstinence to minimize
contamination from drug withdrawal and acute neurotoxic effects from psychoactive
substances (51). Follow-up assessments were conducted after one and five years. Trained
research personnel of the STAYER research group collected all data. Clinicians working with

the patient were blinded to the assessment results obtained in the current study.



Inclusion criteria

Inclusion criteria were as follows: a) patients enrolled in the treatment program to which they
were admitted for at least two weeks; b) patients over 16 years of age; c) patients who met the
diagnostic criteria for F1x.1 or F1x.2; d) patients who reported polysubstance use defined as

the consumption of multiple substances within the last year before inclusion.

Measures

Demographic and neurocognitive data were obtained by conducting semistructured interviews
by asking the patients to complete questionnaires and perform the selected cognitive tests at
baseline. Substance intake was measured at the one- and five-year follow-up assessments. At
baseline, demographic and neurocognitive data were collected through semistructured
interviews, questionnaires, and selected cognitive tests administered to the patients.
Psychological distress was measured during baseline in addition to at the one- and five-year

follow-up assessments.

The Montreal Cognitive Assessment (MoCA®) is a cognitive screening tool that measures
overall cognitive function by sampling behaviour across 14 performance tasks that engage
multiple cognitive domains (52). The test is scored in integers to obtain a total score between 0
and 30. We defined cognitive impairment (MoCA®+) at a sum score < 25, where MoCA® has
demonstrated excellent sensitivity and acceptable specificity in identifying mild cognitive
impairment (52). A MoCA® nonimpaired group (MoCA®-) was defined at sum-score > 25.
MoCA® has proven effective in detecting mild cognitive impairment among patients with
SUDs, exhibiting good test-retest reliability, good internal consistency, and sensitivity when

utilizing the specified cut-off value (53-55).



The Wechsler Abbreviated Scale of Intelligence (WASI) (56) comprises four subtests, two
verbal measures of crystallized intelligence (Vocabulary and Similarities) and two nonverbal
tests of fluent intelligence (Block Design and Matrix Reasoning). The subtests within the WASI
correspond to the subtests found in the Wechsler Adult Intelligence Scale - Third Edition (57),
although they feature different items. The full-scale IQ (FSIQ) was selected to reflect general
intellectual function ("g-factor"). Cognitive impairment (WASI+) was delineated as an FSIQ <
86, thereby including participants with borderline intellectual functioning as cognitively

impaired (39). We also defined a WASI nonimpaired group (WASI-) as FSIQ > 86.

The Behavior Rating Inventory of Executive Function - Adult version (BRIEF-A) is a self-
report questionnaire to assess executive functioning in real-life situations (58, 59). The BRIEF-
A comprises nine subscales and three composite scores. We utilized the cut-off scores, age
norms and validation criteria proposed by the original authors (58). Participants with cognitive
impairment (BRIEF-A+) were identified by utilizing a standardized t score of > 65 on the
BRIEF-A Global Executive Composite (GEC) score. BRIEF-A GEC nonimpaired (BRIEF-A-

) was defined as a GEC score < 65.

The Symptom Checklist-90-Revised (SCL-90-R) (60) is a 90-item self-report measure widely
used in clinical practice and research. It has been validated for the assessment of psychological
distress in patients with SUD (61), as well as in individuals with intellectual disabilities (62). A
five-point Likert scale ranging from 0 (not at all) to 4 (severely) is used to assess the level of
distress experienced by respondents in the past seven days. The checklist yields nine symptom
dimension subscales: somatization, obsessive—compulsive disorder, interpersonal sensitivity,
depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. The Global
Severity Index (GSI) was employed to assess overall psychological distress. In accordance with

Derogatis (60), we defined “caseness”, i.e., self-reported level of psychological distress that



warrants further assessment, as a GSI standardized t score > 63 or t score > 63 on two or more

symptom scales.

The Drug Use Identification Test (DUDIT) is a self-report screening tool used to evaluate
substance consumption, substance-related behaviours, and substance-related problems (63).
The DUDIT consists of 11 items that are rated on a five-point Likert scale, ranging from "never"
to "four or more times a week. We used the four consumption items from DUDIT (DUDIT-C)
to gauge substance intake (64). As per the study's protocol, which mandated a period of
abstinence from substances prior to baseline assessment, the DUDIT-C score was recorded as

0 at the baseline measurements.

Statistical procedure

Assumptions of normality were evaluated by inspecting histograms and the Shapiro—Wilks test.
To obtain optimal statistical power, we did not listwise exclude cases when some cognitive
measures were missing or invalid. The Shapiro—Wilks test indicated that the distribution of the
SCL-90-R GSI scores departed significantly from normality at baseline (W = 0.96, p <0.001),
year 1 (W=0.92, p <0.001) and year 5 (W = 0.89, p <0.001). This was the same for years of
education (W= 0.94, p <0.001) and age (W =0.92, p <0.001). Thus, a Mann—Whitney U test
was applied to evaluate group differences. In accordance with Fritz et al. (65), we calculated
effect sizes for these analyses. The chi-squared test of independence was used to analyse group

differences for the categorical variables.

We ran separate three-step hierarchal logistic regression analyses with SCL-90-R caseness at
years one and five as the dependent variable. Cognitive status defined according to the specific
cognitive screening tool (MoCA®, WASI, or BRIEF-A) was entered in Block 1, DUDIT-C

score from the corresponding time point of interest was added in Block 2, and baseline SCL-



90-R GSI score was added in block three. Nagelkerke’s R? was used to measure the goodness
of fit of the logistic regression models. Variance inflation factor diagnostics, utilizing a
threshold of 2.50 (66), indicated that multicollinearity among the independent variables posed
no issues in the regression models. Statistics were conducted using the statistical software

package SPSS version 29 (IBM Corp., released 2022).

Results

Among the 164 participants included in this study, 145 were available for the one-year
assessment, and 109 participants were available for the five-year assessment. Figure 1 presents

the flow of participants and available data.

Table 1 shows the demographic characteristics of the sample at baseline, providing separate
presentations of the cognitively impaired and nonimpaired groups. The BRIEF-A+ group was
younger (Mdn =24.0) than the BRIEF-A nonimpaired group (Mdn =27.0), U=5808.5, p =.028.
The proportion of participants who met the criteria for caseness was approximately 76%, 58%

and 52.3% at baseline, year one and year five, respectively.



Association between cognitive impairment and SCL-90-R

Table 2 presents the SCL-90-R GSI and caseness at baseline, year 1 and five stratified by
cognitive impairment. The proportion of SCL-90-R caseness was positively associated with
MoCA®+ at year one % (1, N = 143) = 5.63, p =.018, V"' =.20 and year five ¥* (1, N=107) =

4.45, p =.035, V=.20.

At baseline, the WASI+ group (Mdn = 1.4) displayed a significantly higher SCL-90-R GSI
score than the WASI- group (Mdn = 1.0), indicating elevated psychological distress U =2480,
p =.038, r=.16. Similarly, at year five, the proportion of caseness was higher for the WASI+

group than for the WASI- group y* (1, N=109) = 6.30, p =.012, V=24,

BRIEF-A+ demonstrated a positive association with all measures of SCL-90-R GSI and
caseness. At baseline, the BRIEF-A+ group exhibited both a higher SCL-90-R GSI score (Mdn
= 1.3) compared to the BRIEF-A- group (Mdn = 0.6), U =4200, p <.001,  =.56, and a higher

likelihood of caseness > (1, N = 145) = 32.55, p <.0001, V' =.47.
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At year one, the BRIEF-A+ group displayed a significantly elevated SCL-90-R GSI score (Mdn
= 0.8) compared to the BRIEF-A- group (Mdn =0.4), U= 2797, p <.001 »=.33 in addition to a
positive association with caseness > (1, N = 129) = 14.17, p <.0001, ¥ =.33. Similarly, at year
five, the BRIEF-A+ group demonstrated a significantly higher SCL-90-R GSI score (Mdn =
0.7) than the BRIEF-A- group (Mdn = 0.3), U = 1448, p =.003 r =.30. Additionally, the
proportion of SCL-90-R caseness was also positively associated with BRIEF-A+ group %> (1,

N=095)=6.04, p=.014, V'=25.

Prediction of SCL-90-R caseness by cognitive impairment

Table 3 and Table 4 summarize the test statistics and results obtained from the hierarchical
logistic regression analysis conducted at years one and five, respectively. With the exception
of WASI Model 1 at year one, all regression models yielded a significant solution. Nagelkerke
R? increased from step 1 to step 2 and from step 2 to step 3 across the hierarchical regressions
(either MoCA®, WASI or BRIEF-A as predictor) and was in the range of .056 —.425 at year 1
and .059 -.295 at year 5. MoCA®+ emerged as a significant independent predictor of long-term
caseness in all models, except for Model 2 at year one, where it approached significance at an
a =.05 level (p =.066). Its odds ratios (ORs) ranged from 1.2 to 3.4. While WASI did not prove
to be a significant predictor of caseness in the year one regression models, it gained significance
in all models at year five, with ORs ranging from 4.5 to 5.2. BRIEF-A+ exhibited significant

predictive ability for caseness in model 1 and model 2 at both year one and year five, with ORs
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ranging from 1.7 to 5.2. However, the statistical significance of BRIEF-A as a predictor was

lost in model 3 at both years one and five.

In addition, the DUDIT-C scores emerged as significant predictors of caseness in models 2 and
3 for both year one and year five, with ORs ranging from 1.1 to 1.2. Similarly, when baseline
GSI was included in model 3 at both time points, it also demonstrated significant predictive

value, with ORs ranging from 2.9 to 6.4.

Discussion

We established associations between three widely used cognitive screening tools and

psychological distress and examined their ability to predict the occurrence of psychological
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distress at levels warranting psychiatric assessment one and five years following treatment
initiation. The main finding in the current study was that the results from the selected cognitive
screening instruments showed associations with psychological distress and predicted later
caseness in all regression models. However, the patterns of associations and predictive value
varied across the included cognitive tests. MoCA® proved to be a significant independent
predictor of long-term caseness. Notably, significance was sustained after controlling for the
potential impact of baseline psychological distress. Thus, the MoCA® results may function as
an independent predictor of long-term elevated psychological distress among patients with
SUD. BRIEF-A+ was positively associated with elevated psychological distress and caseness
according to SCL-90-R GSI at all time points, but contrary to MoCA®™4, it lost statistical
significance as a predictor variable for caseness when baseline psychological distress was
controlled for. The baseline SCL-90-R GSI and DUDIT-C scores obtained from the one- and
five-year follow-ups emerged as significant predictors of caseness in the regression models,
even after accounting for cognitive impairment as assessed by the included cognitive screening

instruments.

While the MoCA® was not specifically developed to detect cognitive impairments in patients
with psychiatric illness or SUD, some subtests within the MoCA® are shown to be sensitive to
deficits in executive functioning (67). These deficits are also recognized as hallmarks in both
SUD (68) and other mental illnesses (21) but are also “meaningfully associated” with SUD
treatment outcomes (69). Hagen et al. (38) suggest that MoCA® is dissociated from concurrent
psychological distress among patients with SUDs. It is noted that the sample in Hagen et al.
(38) shares a significant overlap with the sample used in the current study. Others have
demonstrated an association between MoCA® and psychiatric comorbidities among patients
with alcohol use disorder (40). Depressive symptomatology has also been shown to negatively

impact MoCA® performance in a non-SUD population (70). Moreover, a total of 79% of
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patients admitted to an acute psychiatric ward demonstrated cognitive impairment according to
MOCA®, indicating that MoCA" is sensitive to a wide range of mental illnesses (71). Comorbid
PTSD and SUD may also reduce the criterion-related validity of the MoCA® in terms of its
correspondence with the Repeatable Battery for the Assessment of Neuropsychological Status
(72). Notwithstanding, the current study suggests that MoCA® assesses some cognitive domains
that 1) to a limited extent are affected by psychological distress measured with SCL-90-R and

2) contribute to the prediction of long-term caseness.

The mechanism by which MoCA® predicts long-term distress in the current study remains
unknown. Previous studies have linked MoCA®-defined impairment to adverse treatment
outcomes from isolated and formalized treatment settings (46, 73). However, patients with
cognitive impairments may follow different recovery pathways than patients without such
impairments, where informal treatment processes and social structures may gain prominence in
determining behavioural, psychosocial, emotional and vocational outcomes (44, 74). Similarly,
the link between MoCA®-derived cognitive impairments and psychological distress may partly
be mediated by a complex interplay between treatment responsiveness and psychosocial factors
(75). SUDs and mental health problems are associated with and share social risk factors such
as lack of healthy and committed social relationships, financial strain, housing insecurity or
poor quality housing, poor education, unemployment and exposure to violence (76-80).
Moreover, individuals with SUD combat stigma and face barriers to social integration. These
obstacles pose substantial challenges in their recovery or habilitation (81-83) and may
contribute to sustaining or perpetuating mental health issues or substance use behaviour (84).
Consequently, cycles of relapse and dropout out may impede or worsen social adaptation. The
full burden of poor social, vocational, and community functioning as well as social exclusion

may not become evident until several years after seeking treatment.
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The results of the current study indicated that the BRIEF-A was intimately linked to psychiatric
distress. However, the ability of BRIEF-A GEC to predict clinical outcomes in terms of long-
term psychological distress beyond measures of baseline psychological distress at treatment
onset appears limited. The association between psychological distress and elevated BRIEF-A
self-reported executive impairments extends across diverse clinical and nonclinical cohorts,
including veterans (85), patients with breast cancer, (86), adults with ADHD (32), patients
diagnosed with mild or moderate depression (87), patients with neurological and
neuropsychiatric conditions (88, 89), patients with brain tumors (90), older adults (91, 92), and
controls (88). Improved BRIEF-A results are also linked to decreased psychological distress
among patients with a SUD one year following cessation (49). Moreover, the BRIEF-A has
shown questionable criterion-related validity pertaining to performance on objective tests of
executive functioning. (87, 92-94) and clinically relevant SUD treatment outcomes (95).
BRIEF-A may be particularly sensitive to latent executive deficits shared by SUD and
psychiatric disorders, e.g., working memory impairments (13, 21, 96-102). Conversely, the
BRIEF-A may gauge self-reported functional debilitation associated with psychological
distress or mental disorders among patients with SUD rather than impaired executive

functioning as defined from psychometric tests.

The relationship between WASI and psychological distress remains somewhat inconclusive.
Measures of intellectual functioning have been associated with various mental illnesses (103,
104). The current findings partially align with Hunt et al. (105), who reported that higher WASI
Matrix Reasoning scores predicted a greater reduction in depressive symptomatology among
patients receiving treatment for problematic alcohol use. However, the theoretical basis for the
seemingly random associations observed in the present study remains unclear. The study
attrition rate may be higher among participants with cognitive impairments according to the

WASI than among those without (95). The results from the current study could thus potentially
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be explained by the presence of a subgroup within the sample with impaired intellectual
functioning who are both treatment responsive and prone to study dropout, possibly driven by
subjective improvement and a desire to disassociate from their past. This dropout profile has
the potential to result in nonsignificant disparities over a shorter time span but reestablish an
association between impaired intellectual functioning when the proportion of participants with

lower treatment responsivity is significantly increased.

The study's results align with prior clinical and population-based research on the prevalence
and developmental trajectories of mental illness, affirming that mental health problems among
patients with SUD are substantial and that mental health problems act as a risk factor for later
life mental health problems (14, 16, 106-108). It is also noted that in accordance with the
recommended cut-off scores from SCL-90-R (60), a substantial proportion (76%) of the
participants reported a level of psychological distress at treatment initiation, which warrants
further assessment. This may suggest that screening for mental illness may be redundant for
patients with pSUD and that a comprehensive diagnostic assessment of mental illness could
represent a more cost-efficient approach in treatment planning for all patients with pSUD.
Unsurprisingly, the study reinforces the well-documented association between substance intake

and greater levels of psychological distress (14, 16, 109).

The examination of Nagelkerke R? across the regression models may suggest that 1) the
contribution from baseline GSI and DUDIT-C to the models explanatory power is
approximately equal, 2) the regressions where baseline GSI and DUDIT-C are included produce
models with a moderate to strong relationship with long-term caseness, compared to a weak
relationship when they are excluded, and 3) the difference in explanatory power between
MoCA®, WASI FSIQ and BRIEF-A GEC in models including baseline GSI and DUDI-C is

limited.
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Strengths and limitations

The present study is one of few to investigate the long-term clinical outcomes in patients with
cooccurring SUD and cognitive impairments. SUDs are recognized as enduring conditions, and
data on long-term outcome measurements are of vital importance. The current study attempted
to maximize ecological validity and sample heterogeneity. First, we utilized diverse widely
used and viable instruments that facilitate generalizability to clinical practice. Second, the study
targets polysubstance users, which is a clinically relevant sample, representing up to 91% of
treatment-seeking patients (110). Third, the cohort is highly heterogeneous and was recruited
from diverse SUD clinics. Norway’s universal access to health care allows for the collection of
a more comprehensive sample relative to countries where care is privatized and costly. Fourth,
psychological distress represents a clinically relevant outcome measure, with clear implications

for treatment planning and action.

The study dropout rate in the current cohort may be higher among participants with impaired
intellectual functioning defined by the WASI than among those without (95). This may
potentially modify the sample characteristics pertaining to hitherto unknown key variables
accounting for temporal disparities in the association between intellectual impairment and
psychological distress. Moreover, the sample size pertaining to participants with intellectual
impairments is modest and may mask true differences in psychological distress between the
WASI+ and WASI- groups. The size of the WASI+ group is modest, and fitting a regression
model with three predictors exceeds the recommended number of events per variable in logistic

regression analysis (111).

The results were not Bonferroni corrected and thus susceptible to type I error, i.e., the results
may be spurious. However, there is little consensus on the conditions in which the results should
be corrected. Due to the greater exploratory focus in the current study, an application of
Bonferroni correction would also carry an inherent risk of committing Type II errors, which
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was undesirable (112). Moreover, the consistent patterns observed in the results for MoCA®

and BRIEF-A contribute to the strengthening of confidence in the obtained results.

The current study utilized a MoCA® cut-off score of < 25 to detect cognitive impairment in
accordance with previous recommendations to enhance comparisons and generalizability (52,
53, 55). However, the frequency of PTSD symptomatology in the STAYER cohort is high
(113), and others have recommended lowering the MoCA® cut-off score to <23 to minimize

the rate of false positives in SUD-PTSD populations (72).

Conclusions

Further studies should examine mediators between cognitive impairments and long-term
psychological distress. Exploring potential mediators could provide valuable insights into the
underlying mechanisms and potential targets for interventions aimed at reducing psychological
distress in individuals with cognitive impairments. Research is needed to develop clinically
viable short assessment tools with established criterion-related and ecological validity. Such
instruments should aim to reliably differentiate between potential psychopathology-driven
cognitive impairment and cognitive deficits derived from substance-related neuroadaptations

or neurotoxic effects.

BRIEF-A may be sensitive to psychopathology-driven executive dysfunctions. Caution should
be exercised when employing BRIEF-A within a clinical SUD context considering its potential
limitations and biases. If utilized, it is crucial to corroborate the results with results from
objective measures of executive functioning and a broader psychiatric evaluation. The utility of
BRIEF-A may rather be evaluated and studied within the framework of being a viable tool

assessing self-reported functional impairments associated with psychiatric conditions. Research
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should be conducted to explore the potential of BRIEF-A in differentiating between patients
with psychiatric disorders and SUD while also determining the feasibility of identifying distinct

BRIEF-A profiles.

Considering the high frequency of mental health issues in patients with polysubstance use
disorders, it is imperative to investigate the cost—benefit ratio of implementing routine screening
for mental disorders in individuals presenting with polysubstance use, as opposed to conducting

a comprehensive diagnostic assessment for all.
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Table 3 — Summary of hierarchical logistic regression analysis year one with SCL-90-R

caseness as the dependent variable

Predictor Model 1 Model 2 Model 3
Wald  p OR  95%CI Wald )4 OR  95%CI Wald P OR  95%CI
MoCA®

(Constant) 041 840 1.0 - 3882 .049 6 - 23251 <001 9 -
MoCA®+ 5685 017 26 12 -54 3388 066 22 1.0-49 4.068 .044 27 1.0-7.0
DUDIT-C 14415 <001 12 1.1-13 11.738 <001 12 1.1-1.3
Baseline GSI 22393 <.001 64 3.0-139

72=61, p=.014, R’=.056 x2=24.0, p=.<001,R?=209 x2=54.0, p=<.001,R’= 425

WASI FSIQ
(Constant)
WASI+
DUDIT-C
Baseline GSI

BRIEF-A
(Constant)
BRIEF-A+
DUDIT-C
Baseline GSI

Correctly classified 70.6%

1.216 270 1.2 -
1.385 239 1.7 .7-43

x2 =14, p=.230,R>=.013
Correctly classified 57.3%

3.123 .077  .606 -

13.168 <.001 4.0 19-84

x2=13.9, p=<.001,R’=.138
Correctly classified 67.2%

Correctly classified 70.4%

2512 113 .7 -
1.144 285 1.7 .6-45
15385 <001 12 1.1-13

x2=209, p=<.001, R’=.182
Correctly classified 69.2%

9.650 .002 3 -
11.124 <001 39 1.8-8.6

12.663 <001 12 1.1-13

72 =294, p=<.001, R>= 275
Correctly classified 71.1%

Correctly classified 73.9%

19.586 <001 13 -

.078 780 12 4-35
13.194 <001 12 1.1-13
19.511 <.001 49 24-98

x2=145.6, p=<.001, R°= 367
Correctly classified 73.4%

20.707 <.001 .1 -
305 581 13 5-35
10924 <001 12 1.1-13

14.403 <001 6.0 24-15.1

x2 =473, p=<001, R°= 414
Correctly classified 74.2%

Note: MoCA®: Montreal Cognitive Assessment; WASI: Wechsler Abbreviated Scale of Intelligence; BRIEF-A: Behavior
Rating Inventory of Executive Function — Adult version; DUDIT-C: Drug Use Identification Test Consumption Items; Baseline
GSI: Baseline Symptom Checklist-90-Revised; Global Severity Index; Model 1: Cognitive impairment as predictor variable;
Model 2: Cognitive impairment + DUDIT-C score as predictor variables; Model 3: Cognitive impairment + DUDIT-C score +
baseline SCL-90-R GSI score as predictor variables; OR: odds ratio; CI: confidence interval; y2 = Omnibus test of model
coefficient; R? = Nagelkerke R-squared. Significant p values at =0..05 in bold.
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Table 4 — Summary of hierarchical logistic regression analysis year five with SCL-90-R

caseness as the dependent variable

Predictor Model 1 Model 2 Model 3
Wald p  OR 95%CI Wald p OR 95%CI Wald p OR 95%CI
MoCA®
(Constant) 1.104 293 8 - 5470 019 5 - 15258 <001 .1 -
MoCA®+ 4612 032 26 1.1-6.0 5917 015 3.1 12-75 5956 015 34 13-9.1
DUDIT-C 7.177 .007 1.1 1.0-13 6.180 .013 1.1 1.0-13
Baseline GSI 11.571 <001 3.7 1.7-738

WASI FSIQ

(Constant)
WASI+
DUDIT-C
Baseline GSI

BRIEF-A

(Constant)
BRIEF-A+
DUDIT-C
Baseline GSI

x2=48, p=.028 R’=.059
Correctly classified 50.9%

391
5.618

5329 -
018 49 13-185

x2=1.0, p=.008, R’=.084
Correctly classified 57.4%

3.844 050 5 -

5532 019 28 12-6.7

x2=5.8, p=.016, R’=.079
Correctly classified 61.7%

x2=12.7, p=.002,R?=.151
Correctly classified 62.3%

3492 062 6 -
5794 016 52 14-198
5926 .015 1.1 1.0-12

x2=13.4, p=.001, R’= .155
Correctly classified 69.2%

6.377 012 4 -
5436  .020 29 12-70
3999 046 1.1 1.0-12

x2 =100, p=.007, R°=.135
Correctly classified 66.0%

x2=26.5, p=<.001,R’= 295
Correctly classified 67.0%

13.658 <.001 2 -

4322 .038 45 1.1-187
4917 .027 1.1 1.0-12
11.174 <.001 35 1.7-72

x2=126.6, p=<.001,R’= 291
Correctly classified 66.7%

11.712 <001 2 -

.634 426 15 5-42
3195 074 1.1 1.0-12
11.712 010 29 13-6.7

x2=17.5, p=<.001, R’=.226
Correctly classified 66.0%

Note: MoCA®: Montreal Cognitive Assessment; WASI: Wechsler Abbreviated Scale of Intelligence; BRIEF-A: Behavior
Rating Inventory of Executive Function — Adult version; DUDIT-C: Drug Use Identification Test Consumption Items; Baseline
GSI: Baseline Symptom Checklist-90-Revised; Global Severity Index; Model 1: Cognitive impairment as predictor variable;
Model 2: Cognitive impairment + DUDIT-C score as predictor variables; Model 3: Cognitive impairment + DUDIT-C score +
baseline SCL-90-R GSI score as predictor variables; OR: odds ratio; CI: confidence interval; y2 = Omnibus test of model
coefficient; R? = Nagelkerke R-squared. Significant p values at =0.05 in bold.
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| Total STAYER sample N=208 |

Excluded:

Mono alcohol use n = 35
Mono cannabis n =1
Behavioural disorder n = 8

| Polysubstance use sample 164 |

Excluded from total sample:
1 Missing WASI protocol

2 Missing MoCA protocols
19 invalid BRIEF-A protocols

measurement

Baseline SCL-90-R ‘

~

Included 162 Included 163 Included 145
MoCA® protocols WASI protocols BRIEF-A protocols

Excluded from total sample:
= i - 9 Drop-out
11 Missing SCL-90-R or DUDIT-C

Year 1 SCL-90-R and
DUDIT-C measurement

Included 128~
BRIEF-A protocols

Included 142
MoCA® protocols

Included 143
WASI protocols

Excluded from total sample:
_—— —» 38 Drop-out
18 Missing SCL-90-R or DUDIT-C

Year 5 SCL-90-R and
DUDIT-C measurement

MoCA® protocols WASI protocols BRIEF-A protocols

Included 106 ‘ Included 1082 ‘ Included 949

Figure 1. Flow of participant inclusion, exclusion and missing data at baseline, 1-year, and 5-year follow-up measurements.
Discrepancies between (i) excluded participants from the total sample and (ii) the number of included protocols at baseline and
follow-up are due to overlap between protocols already excluded at baseline and participants who had dropped out or had
missing DUDIT-C or SCL-90-R entries at follow-up. Thus, a) 17 BRIEF-A protocols were excluded at the 1-year follow-up
measurement, and b) 55 WAST and c¢) 51 BRIEF-A protocols were excluded at the 5-year follow-up measurement. MoCA®,
Montreal Cognitive Assessment®; WASI, Wechsler Abbreviated Scale of Intelligence; BRIEF-A, Behaviour Rating Inventory
of Executive Function — Adult version.
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1980

1981

1982

1983

1984

1985

1986

1987

1988

Doctoral Theses at The Faculty of Psychology,

University of Bergen

Allen, Hugh M., Dr. philos.

Myhrer, Trond, Dr. philos.

Svebak, Sven, Dr. philos.

Myhre, Grete, Dr. philos.

Eide, Rolf, Dr. philos.

Veernes, Ragnar J., Dr. philos.

Kolstad, Arnulf, Dr. philos.

Laberg, Tor, Dr. philos.

Hellesnes, Tore, Dr. philos.

Haland, Wenche, Dr. philos.

Hagtvet, Knut A., Dr. philos.

Jellestad, Finn K., Dr. philos.

Aarg, Leif E., Dr. philos.

Underlid, Kjell, Dr. philos.

Laberg, Jon C., Dr. philos.

Vollmer, Fred, Dr. philos.

Ellertsen, Bjgrn, Dr. philos.

Kaufmann, Astrid, Dr. philos.

Parent-offspring interactions in willow grouse (Lagopus
L. Lagopus).

Behavioral Studies after selective disruption of
hippocampal inputs in albino rats.

The significance of motivation for task-induced tonic
physiological changes.

The Biopsychology of behavior in captive Willow
ptarmigan.

PSYCHOSOCIAL FACTORS AND INDICES OF
HEALTH RISKS. The relationship of psychosocial
conditions to subjective complaints, arterial blood
pressure, serum cholesterol, serum triglycerides and
urinary catecholamines in middle aged populations in
Western Norway.

Neuropsychological effects of diving.

Til diskusjonen om sammenhengen mellom sosiale
forhold og psykiske strukturer. En epidemiologisk
undersgkelse blant barn og unge.

Neuropsychological assessment in alcohol dependence.

Leering og problemlgsning. En studie av den
perseptuelle analysens betydning for verbal lzering.

Psykoterapi: relasjon, utviklingsprosess og effekt.

The construct of test anxiety: Conceptual and
methodological issues.

Effects of neuron specific amygdala lesions on fear-
motivated behavior in rats.

Health behaviour and sosioeconomic Status. A survey
among the adult population in Norway.

Arbeidslayse i psykososialt perspektiv.

Expectancy and classical conditioning in alcoholics'
craving.

Essays on explanation in psychology.
Migraine and tension headache: Psychophysiology,
personality and therapy.

Antisosial atferd hos ungdom. En studie av psykologiske
determinanter.



1989

1990

1991

1992

1993

1994

Mykletun, Reidar J., Dr. philos.

Havik, Odd E., Dr. philos.

Braten, Stein, Dr. philos.

Wold, Bente, Dr. psychol.

Flaten, Magne A., Dr. psychol.

Alsaker, Frangoise D.,
Dr. philos.

Kraft, Pal, Dr. philos.

Endresen, Inger M., Dr. philos.

Faleide, Asbjgrn O., Dr. philos.

Dalen, Knut, Dr. philos.

Bg, Inge B., Dr. philos.

Nivison, Mary E., Dr. philos.

Torgersen, Anne M., Dr. philos.

Larsen, Svein, Dr. philos.

Nordhus, Inger Hilde, Dr.
philos.

Thuen, Frode, Dr. psychol.

Solheim, Ragnar, Dr. philos.

Johnsen, Bjgrn Helge,
Dr. psychol.

Tennessen, Finn E., Dr. philos.

Kvale, Gerd, Dr. psychol.

Asbjarnsen, Arve E.,
Dr. psychol.

Teacher stress: personality, work-load and health.

After the myocardial infarction: A medical and
psychological study with special emphasis on perceived
iliness.

Menneskedyaden. En teoretisk tese om sinnets
dialogiske natur med informasjons- og
utviklingspsykologiske implikasjoner sammenholdt med
utvalgte spedbarnsstudier.

Lifestyles and physical activity. A theoretical and
empirical analysis of socialization among children and
adolescents.

The role of habituation and learning in reflex
modification.

Global negative self-evaluations in early adolescence.

AIDS prevention in Norway. Empirical studies on
diffusion of knowledge, public opinion, and sexual
behaviour.

Psychoimmuniological stress markers in working life.

Asthma and allergy in childhood. Psychosocial and
psychotherapeutic problems.

Hemispheric asymmetry and the Dual-Task Paradigm:
An experimental approach.

Ungdoms sosiale gkologi. En undersgkelse av 14-16
aringers sosiale nettverk.

The relationship between noise as an experimental and
environmental stressor, physiological changes and
psychological factors.

Genetic and environmental influence on temperamental
behaviour. A longitudinal study of twins from infancy to
adolescence.

Cultural background and problem drinking.

Family caregiving. A community psychological study with
special emphasis on clinical interventions.

Accident-related behaviour among children and young
adolescents: Prediction and prevention.

Spesifikke leerevansker. Diskrepanskriteriet anvendt i
seleksjonsmetodikk.

Brain assymetry and facial emotional expressions:
Conditioning experiments.

The etiology of Dyslexia.

Psychological factors in anticipatory nausea and
vomiting in cancer chemotherapy.

Structural and dynamic factors in dichotic listening: An
interactional model.
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1995

1996

Bru, Edvin, Dr. philos.

Braathen, Eli T., Dr. psychol.

Johannessen, Birte F.,
Dr. philos.

Sam, David L., Dr. psychol.

Bjaalid, Inger-Kristin, Dr. philos.

Martinsen, @yvind, Dr. philos.

Nordby, Helge, Dr. philos.

Raaheim, Arild, Dr. philos.

Seltzer, Wencke J., Dr. philos.

Brun, Wibecke, Dr. philos.

Aas, Henrik N., Dr. psychol.
Bjarkly, Stal, Dr. psychol.
Anderssen, Norman,

Dr. psychol.

Sandal, Gro Mjeldheim,
Dr. psychol.

Strumse, Einar, Dr. philos.

Hestad, Knut, Dr. philos.

Lugoe, L.Wycliffe, Dr. philos.

Sandvik, B. Gunnhild,
Dr. philos.

Lie, Gro Therese, Dr. psychol.

dygard, Lisbet, Dr. philos.

Stormark, Kjell Morten,

Dr. psychol.

Einarsen, Stale, Dr. psychol.

The role of psychological factors in neck, shoulder and
low back pain among female hospitale staff.

Prediction of exellence and discontinuation in different
types of sport: The significance of motivation and EMG.

Det flytende kjgnnet. Om lederskap, politikk og identitet.
Acculturation of young immigrants in Norway: A
psychological and socio-cultural adaptation.

Component processes in word recognition.

Cognitive style and insight.

Processing of auditory deviant events: Mismatch
negativity of event-related brain potentials.

Health perception and health behaviour, theoretical
considerations, empirical studies, and practical
implications.

Studies of Psychocultural Approach to Families in
Therapy.

Subjective conceptions of uncertainty and risk.

Alcohol expectancies and socialization:
Adolescents learning to drink.

Diagnosis and prediction of intra-institutional
aggressive behaviour in psychotic patients

Physical activity of young people in a health perspective:
Stability, change and social influences.

Coping in extreme environments: The role of personality.

The psychology of aesthetics: explaining visual
preferences for agrarian landscapes in Western Norway.

Neuropsychological deficits in HIV-1 infection.

Prediction of Tanzanian students’ HIV risk and
preventive behaviours

Fra distriktsjordmor til institusjonsjordmor. Fremveksten
av en profesjon og en profesjonsutdanning

The disease that dares not speak its name: Studies on
factors of importance for coping with HIV/AIDS in
Northern Tanzania

Health behaviors among young adults. A psychological
and sociological approach

Emotional modulation of selective attention:
Experimental and clinical evidence.

Bullying and harassment at work: epidemiological and
psychosocial aspects.

1



1997

1998

1999

Knivsberg, Ann-Mari, Dr. philos.

Eide, Arne H., Dr. philos.

Sgrensen, Marit, Dr. philos.
Skjaeveland, Oddvar,
Dr. psychol.

Zewdie, Teka, Dr. philos.

Wilhelmsen, Britt Unni,
Dr. philos.

Manger, Terje, Dr. philos.
Lindstrem, Torill Christine,
Dr. philos.

Skogstad, Anders, Dr. philos.
Haldorsen, Ellen M. Haland,
Dr. psychol.

Besemer, Susan P., Dr. philos.

Winje, Dagfinn, Dr. psychol.

Vosburg, Suzanne K.,
Dr. philos.

Eriksen, Hege R., Dr. philos.

Jakobsen, Reidar, Dr. psychol.

Mikkelsen, Aslaug, Dr. philos.

Samdal, Oddrun, Dr. philos.

Friestad, Christine, Dr. philos.

Ekeland, Tor-Johan, Dr. philos.

Saban, Sara, Dr. psychol.

Behavioural abnormalities and childhood
psychopathology: Urinary peptide patterns as a potential
tool in diagnosis and remediation.

Adolescent drug use in Zimbabwe. Cultural orientation in
a global-local perspective and use of psychoactive
substances among secondary school students.

The psychology of initiating and maintaining exercise
and diet behaviour.

Relationships between spatial-physical neighborhood
attributes and social relations among neighbors.

Mother-child relational patterns in Ethiopia. Issues of
developmental theories and intervention programs.

Development and evaluation of two educational
programmes designed to prevent alcohol use among
adolescents.

Gender differences in mathematical achievement among
Norwegian elementary school students.

«Good Grief»: Adapting to Bereavement.

Effects of leadership behaviour on job satisfaction,
health and efficiency.

Return to work in low back pain patients.

Creative Product Analysis: The Search for a Valid Model
for Understanding Creativity in Products.

Psychological adjustment after severe trauma. A
longitudinal study of adults’ and children’s posttraumatic
reactions and coping after the bus accident in

Méabgdalen, Norway 1988.

The effects of mood on creative problem solving.
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