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Abstract
Introduction: Cognitive impairment is common in individuals presenting to alcohol and other drug
(AOD) settings and the presence of biopsychosocial complexity and health inequities can complicate
the experience of symptoms and access to treatment services. A challenge for neuropsychologists in these
settings is to evaluate the likely individual contribution of these factors to cognition when providing an
opinion regarding diagnoses such as acquired brain injury (ABI). This study therefore aimed to identify
predictors of cognitive functioning in AOD clients attending for neuropsychological assessment.
Methods: Clinical data from 200 clients with AOD histories who attended for assessment between 2014 and
2018 were analysed and a series of multiple regressions were conducted to explore predictors of cognitive
impairment including demographic, diagnostic, substance use, medication, and mental health variables.
Results: Regression modelling identified age, gender, years of education, age of first use, days of abstinence,
sedative load, emotional distress and diagnoses of ABI and developmental disorders as contributing to
aspects of neuropsychological functioning. Significant models were obtained for verbal intellectual func-
tioning (Adj R2= 0.19), nonverbal intellectual functioning (Adj R2= 0.10), information processing speed
(Adj R2= 0.20), working memory (Adj R2= 0.05), verbal recall (Adj R2= 0.08), visual recall (Adj
R2= 0.22), divided attention (Adj R2= 0.14), and cognitive inhibition (Adj R2= 0.07).
Conclusions: These findings highlight the importance of careful provision of diagnoses in clients with
AOD histories who have high levels of unmet clinical needs. They demonstrate the interaction of premor-
bid and potentially modifiable comorbid factors such as emotional distress and prescription medication
on cognition. Ensuring that modifiable risk factors for cognitive impairment are managed may reduce
experiences of cognitive impairment and improve diagnostic clarity.
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Introduction
Delays in treatment seeking for individuals with alcohol and other drug (AOD) use disorders are
well recognised and often by the time addiction treatment is sought, individuals present with a
high level of psychosocial and medical complexity (Lubman et al., 2016). These biopsychosocial
factors can have significant implications for treatment and management and importantly, the
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presence of such factors may contribute to cognitive impairment. For instance, in other populations
medical conditions including Hepatitis C (Barreira, Marinho, Bicho, Fialho, &Ouakinin, 2019; Yarlott,
et al., 2017) andmental health conditions including depression, anxiety, post-traumatic stress disorder,
and complex trauma are well known to impact cognitive functioning (Cohen et al., 2013; Goodall et al.,
2018; Gould et al., 2012; Robinson, et al., 2013; Rock, et al., 2014). In AOD populations, acute cognitive
impairments have been well documented as a result of active or recent substance and polysubstance
use (Bruijnen et al., 2019; Mann, et al., 1999; Schmidt, Pennington, Cardoos, Durazzo, & Meyerhoff,
2017) and commonly prescribed and misused psychotropic medications (Crowe & Stranks, 2018;
Tannenbaum, Paquette, Hilmer, Holroyd-Leduc, & Carnahan, 2012). Furthermore, individuals with
neurodevelopmental disorders, including attention deficit hyperactivity disorder (ADHD) and specific
learning difficulties, may also be more likely to engage in substance use (Beitchman, Wilson, Douglas,
Young, & Adlaf, 2001; Carroll, et al., 2014; Wilens et al., 2011), and the presence of these conditions
can further contribute to experiences of cognitive difficulty (Severtson, et al., 2012). Weak perform-
ances on formal neuropsychological examination can also arise, in part, due to limited educational
attainment, which, by virtue of a dynamic interplay between aforementioned factors, is common
in individuals with extensive AOD histories (Abad, et al., 2016; Gooden et al., 2021).
Consideration of a range of biopsychosocial risk factors is therefore critical to ensuring accurate neuro-
psychological formulations and guiding functional outcomes when working with AOD populations
(Gooden et al., 2021).

Failure to consider the interaction and contribution of biopsychosocial factors to an individ-
ual’s presentation could lead to misattribution biases where transient cognitive impairments are
assumed to be permanent and misdiagnosed as an acquired brain injury (ABI), or more perma-
nent cognitive deficits are minimised. This is problematic in that modifiable, potentially treatable
factors may be left unmanaged, or alternatively, more permanent cognitive deficits can go unrec-
ognised. Unmanaged comorbidities can also prevent or delay the provision of formal diagnoses if
multiple aetiologies are considered to be contributing to an individual’s cognitive difficulties
(Gooden et al., 2021). This, in turn, can have profound implications for eligibility and timely
access to necessary funding, disability support and services.

Taken together, these confounding variables, health inequities and stigma associated with AOD
use (Birtel, et al., 2017; Room, 2005; Schomerus et al., 2010; van Boekel, et al., 2013), have significant
potential to complicate the experience of cognitive impairment and presentations to treatment serv-
ices. A challenge for neuropsychologists, psychologists and physicians working within addiction set-
tings is to weigh up the likely individual contribution of these biopsychosocial risk factors when
providing diagnostic opinions and recommendations. Unfortunately, previous research on cognitive
impairment in AOD settings often lacks clinical applicability, for instance, by excluding those with
high levels of complexity or polysubstance use (Liu, Williamson, Setlow, Cottler, & Knackstedt,
2018). As such there is a pressing need for research exploring the relative contributions of biopsycho-
social factors upon cognitive function in clinical groups that are representative of treatment seeking
individuals with AOD use. This study therefore aims to identify the individual contribution of com-
monly experienced biopsychosocial factors upon cognitive functioning in a sample of individuals who
attended for neuropsychological examination at a specialist addiction treatment service. In addition to
the expected contributions of reduced educational attainment, ABI and developmental disability, it
was predicted that a final regression model for each cognitive domain would include significant con-
tributions from the following independent variables in the direction described:

i. The presence of a mental health history, greater emotional distress, and a history of trauma
would all negatively impact measures of cognition.

ii. Multiple sedating medications, as measured by the Sedative Load Index, would negatively
impact measures of cognition.

iii. The presence of untreated Hepatitis C would be associated with reduced performance on
measures of cognition.
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iv. More extensive substance use histories, shorter abstinence durations, and current polysub-
stance use would also be related to reduced performances on measures of cognitive
functioning.

Methods
Setting

The Statewide Addiction Specialist Neuropsychology Service is a government funded community-
based service based at Turning Point, a national addiction treatment and research centre based in
Melbourne, Victoria. Further information regarding the service model has been previously
described (Gooden et al., 2021).

Design

This study was a retrospective case file audit conducted following ethical approval from the
Eastern Health Human Research Ethics Committee (Ref: LR88/2017).

Participants

Participants included 200 individuals who were referred for a neuropsychological assessment
between August 2014 and June 2018 and consented to their data being used for research purposes.
During the audit period, 14 individuals declined to provide this consent at the time of assessment.
Inclusion and exclusion criteria for the study were determined by the referral criteria for the service
which requires clients to be aged over 18, with a significant past or current AOD history and not
referred for medico legal or decision making capacity purposes. Based on clinical observations, embed-
ded and formal measures of effort, participants who were determined to have not provided appropriate
effort during the assessment and yielded invalid test results (n= 5) were excluded from analyses.

Measures

A comprehensive history was obtained as part of standard clinical practice via interview and docu-
mented in the clients’ neuropsychological report along with assessment findings and formulations.
The following information was extracted from these reports: basic demographics including age,
gender, years of formal education, Hepatitis C status, the presence of a diagnosed ABI, moderate
or severe TBI (defined according to severity criteria set forth in Ponsford, et al., 2013), or neuro-
developmental condition (e.g. intellectual, specific learning or language disabilities and ADHD),
the history of complex trauma (from childhood or adulthood) or a diagnosed mental health con-
dition and substance use histories. Sources for this information included self-reported histories of
diagnoses that were conferred by a treating clinician such as a GP, psychologist, psychiatrist, or
other specialist. Where available, source records and informant reports were reviewed to verify
these histories and any further details. In a proportion of cases, diagnoses of neurodevelopmental
conditions or ABI were conveyed as a result of their neuropsychological assessment. An evidence-
based biopsychosocial approach to neuropsychological formulation and diagnosis is employed at
the service, whereby information is drawn from a range of sources, including clinical history and
observations, relevant medical documentation and cognitive examination. Developmental, psy-
chological, medical, intrinsic, substance-related, cognitive, family, and social contextual factors
are all considered and integrated into formulation.

Sedative load index
The Sedative Load Index is a measure of the combined sedative load of prescribed medications
based on classifications of their sedative properties (Hoban et al., 2015; T. Linjakumpu et al., 2003;
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T. A. Linjakumpu et al., 2004). Prescribed medications are categorised into three groups each
which have their own sedative rating; Group 1: Primary Sedatives (rating of 2); Group 2:
Medications with a sedative component and medications with sedation as a prominent adverse
effect (rating of 1); Group 3: Medications with sedation as a known potential adverse effect, and
medications with no known sedative effect (rating of 0). A total score is then calculated by sum-
ming the ratings of each medication prescribed for each participant. Higher total scores are indic-
ative of higher sedative loads and a score of ≥3 indicates the individual is using ≥ two drugs with
sedative properties (T. A. Linjakumpu et al., 2004).

Alcohol and substance use
Measures of alcohol and substance use included self-reported details regarding age of first use, the
total number of alcohol or illicit substances used on a daily or near daily basis, and days of absti-
nence (i.e. difference between reported last substance use and day of assessment). Where available,
additional records from other AOD services were reviewed to verify these self-reported histories.

Neuropsychological assessment
Assessment measures were selected at the time of assessment and at the discretion of the treating
neuropsychologist. All measures are commonly administered in clinical practice, well validated,
reliable, and sensitive to changes in cognitive functioning as indicated by their inclusion in neuro-
psychological test compendia (e.g. Lesak, et al., 2012; Strauss, et al., 2006). In order to ensure max-
imal participant data, only the most commonly administered measures were selected for inclusion
in the current study. As such, test data for the following cognitive domains were extracted from
client records: verbal and nonverbal intellectual functioning, verbal and visual memory, working
memory, information processing speed, psychomotor speed, divided attention, and cognitive inhi-
bition (Table 1). Emotional distress was measured using the Depression, Anxiety and Stress Scales
(DASS) 21 Item version and the combined score from all three scales was used (Lovibond &
Lovibond, 1995).

Procedure

Case files were reviewed by the clinic neuropsychologists, de-identified, and relevant data includ-
ing client history, assessment results, and neuropsychological formulations were extracted into a
database. To characterise neuropsychological assessment results, as per standard clinical practice,
raw scores were compared to age corrected normative data and standardised using scaled scores or
Z scores at the time of assessment. As such, the standardised scores for each cognitive domain
were extracted and utilised in the current study with the selection of which normative data to
utilise being made by the assessing clinician at the time of the assessment.

Data analysis

To evaluate hypotheses, a series of multiple regression models were conducted. Predictor variables
for these models included: age, gender, years of education, presence of a diagnosed ABI, neuro-
developmental diagnosis, mental health diagnosis, DASS total score, trauma history, sedative load,
Hepatitis C status, age of first AOD use, days of abstinence, and number of current substances used.

Outcome variables included performance on measures of verbal intellectual functioning, non-
verbal intellectual functioning, working memory, information processing speed, verbal memory,
visual memory, psychomotor scanning speed, divided attention, and cognitive inhibition (Table 1). In
order to identify candidate variables for the multivariable models, each predictor variable was
tested against the outcome variables independently in a univariate model. Predictor variables that were
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significant at the 20% level (p< 0.2) were deemed to be candidate variables and were included in the
preliminary multivariable model.

The preliminary multivariable model for each outcome was tested with all candidate variables
and then a stepwise procedure was followed where predictors with progressively highest p values
were independently removed from the model and the fit of the model examined to see if the pre-
dictor made a meaningful contribution to each performance indicator, with R squared change
scores at p< 0.05 as the criterion. Predictor variables were then reinserted into the model to cross
check for any significant contribution. Plausible interaction terms among predictors were tested to
generate a final regression model for each outcome variable. Age and gender were retained as
predictor variables for all models. Analyses were conducted in Stata 16.0 (StataCorp., 2019)
and SPSS Version 27 (IBM Corp., 2020) and were two-sided with a p-value < 0.05 considered
to be statistically significant.

Results
Participant demographics and neuropsychological test performances are presented in Table 2. The
majority of individuals in the sample were aged between 18 and 64, were male and had a Grade 10
level or less of education. Females (M= 44.25, SD= 11.71) were significantly older than males
(M= 38.18, SD= 8.97), t(71.85)=−3.37, p= 0.001, and had completed significantly more years
of education (M= 11.49, SD= 1.99) than males (M= 10.88, SD= 1.74), t(190)=−2.06, p= 0.04.

Across the sample, 71% had a formal mental health history. Inclusive of pre-existing and newly
conveyed diagnoses, neurodevelopmental diagnoses including intellectual, learning and language
disabilities and ADHD were present in 16% of cases while ABI including moderate to severe

Table 1. Neuropsychological assessment measures, variables used, and normative data

Cognitive domain Test Variable used Normative data

Verbal intellectual
functioning

Wechsler adult intelligence scale:
fourth edition

VCI index (composite score) (Wechsler, 2008a)

Nonverbal intellectual
functioning

Wechsler adult intelligence scale:
fourth edition

PRI index (composite score) (Wechsler, 2008a)

Working memory Wechsler adult intelligence scale:
fourth edition

Digit span (scaled score) (Wechsler, 2008a)

Processing speed Wechsler adult intelligence scale:
fourth edition

PSI index (composite score) (Wechsler, 2008a)

Verbal memory (stories) Wechsler memory scale: fourth
edition

Logical memory II (scaled
score)

(Wechsler, 2008b)

Visual memory Rey complex figure test 30 min recall trial (z score) (Meyers &
Meyers, 1995)

Psychomotor speed Trail making test Part A time taken (z score) (Tombaugh,
2004)

Divided attention Trail making test Part B time taken (z score) (Tombaugh,
2004)

Cognitive inhibition Stroop test (Victoria version) Colour-word trial: time taken
(scaled score)

(Troyer, et al.,
2006)

Note. Normative data for all measures were age corrected with the exception of the Trail Making Test which was age and education corrected.
Further details for each test can be located through source publishers or reference texts as follows: Wechsler Adult Intelligence Scale (WAIS-IV;
Wechsler, 2008a); Wechsler Memory Scale (WMS-IV; Wechsler, 2008b); Trail Making Test (TMT; Reitan & Wolfson, 1988); Rey Complex Figure test
(RCFT; Meyers & Meyers, 1995); Stroop Test (Strauss et al., 2006).
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traumatic brain injuries and non-traumatic acquired brain injuries were present in 25% of cases.
Overall 25% of the sample had a new diagnosis conveyed as a result of the assessment.

The most frequently prescribed medications that contributed to sedative load indices included
diazepam (n= 35, 17.9%), methadone (n= 21, 10.8%), escitalopram (n= 17, 8.7%), quetiapine

Table 2. Participant characteristics and neuropsychological test performances

N (%) M (SD) Range Normal reference range

Age 195 39.77 (10.09) 19–64

Gender

Male 144 (73.8)

Female 51 (26.2)

Education (years) 192 11.04 (1.83) 7–18

Mental health

Formal diagnosis 139 (71.6)

Trauma history 78 (40.6)

DASS total score 148 53.19 (29.48) 0–126

Medical

Untreated hepatitis C 37 (19.3)

Treated hepatitis C 16 (8.3)

ABI diagnosis 48 (24.6)

Developmental diagnosis 32 (16.4)

Sedative load 195 1.51 (1.83) 0–8

Substance use

Age of first use 177 15.04 (4.46) 8–48

Lifetime substances useda 195 3.56 (1.55) 0–8

Current substances used dailyb 195 0.35 (0.61) 0–3

Days of abstinence 160 268.50 (805.52) 0–5840

Neuropsychological test scoresc

Verbal intellectual function 174 89.01 (14.22) 61–130 90–110

Nonverbal intellectual function 170 92.22 (13.36) 69–127 90–110

Processing speed 175 86.25 (12.53) 56–117 90–110

Working memory 187 7.79 (2.30) 3–16 8–12

Verbal memory (stories) 183 7.38 (3.16) 1–16 8–12

Visual memory 134 −1.18 (1.39) −5.05 to 2.10 −0.6 to 0.6

Psychomotor speed 176 −0.55 (1.41) −6.77 to 1.69 −0.6 to 0.6

Divided attention 171 −2.03 (2.65) −12.98 to 1.72 −0.6 to 0.6

Inhibitory control 163 8.15 (2.53) 0–17 8–12

Note. ABI, acquired brain injury; DASS, Depression, Anxiety and Stress Scale.
aDefined as the lifetime number of alcohol and illicit substances used.
bDefined and the number of alcohol and illicit substances currently used on a daily or near daily basis.
cMeasures were administered based on clinical judgement and so not all clients completed each measure.
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(n= 16, 8.2%), mirtazapine (n= 16, 8.2%), pregabalin (n= 13, 6.7%), and olanzapine (n= 13,
6.7%). Regarding sedative loads, 107 (55%) individuals had a score of one or more indicating
the presence of a prescribed medication with sedative properties while 56 (29%) had a score
of 3 or more indicating use of two or more medications with sedative properties. Twenty nine
percent of individuals were maintaining daily use of alcohol or illicit substances, while the median
duration of abstinence was 7 days. On average, the sample used between three to four different
types of substances in their lifetime. The average age of onset of substance use was 15 years.

Across the cognitive domains measured, mean performances were largely within the low aver-
age range (9th to 24th percentile), one standard deviation below the average range (Wechsler,
2008a) with the exception of divided attention where mean scores were an average of more than
two standard deviations below population norms (<2nd percentile). For each domain, a wide
range of performances were observed ranging from extremely low (<2nd percentile) through
to high average to superior (97th percentile).

Predictors of cognitive functioning

Results from the final exploratory regression models and included predictor variables for each
outcome measure are presented in Table 3. Significant models were obtained for verbal intellectual
functioning, F(5, 126)= 7.09, p< 0.001, Adj R2= 0.19; nonverbal intellectual functioning,
F(4, 162)= 5.42, p< 0.001, Adj R2= 0.10; information processing speed, F(5, 114)= 6.84,
p< 0.001, Adj R2= 0.20; working memory, F(4, 143)= 3.02, p= 0.02, Adj R2= 0.05; verbal recall,
F(5, 175)= 4.21, p= 0.001, Adj R2= 0.08; visual recall, F(5, 117)= 7.96, p< 0.001, Adj R2= 0.22;
psychomotor speed, F(3, 136)= 4.89, p= 0.003, Adj R2= 0.08; divided attention,
F(4, 132)= 6.72, p< 0.001, Adj R2= 0.14; and cognitive inhibition, F(5, 156)= 3.33, p= 0.007,
Adj R2= 0.07.

With regard to individual predictors, for verbal intellectual functioning, years of education
strongly predicted better performance while having a diagnosis of a developmental disability
was strongly associated with decreased performance. Heightened emotional distress was also asso-
ciated with decreased performance. This model accounted for 19% of the variance. Gender was a
statistically significant predictor of nonverbal intellectual functioning with males performing 5.88
points better (representing around one third of a standard deviation on this index), on average,
than females. Years of education was also associated with better performance and having a diag-
nosis of ABI was associated with a predicted decrease of 6.27 points in composite scores for non-
verbal intellectual functioning.

Age, gender and education significantly predicted information processing speed, with females
processing information more efficiently than males, those with more years of education perform-
ing better and processing speed deteriorating with age. Heightened emotional distress was asso-
ciated with processing efficiency while a relationship was observed between fewer days of
abstinence and better performance.

For working memory, having a diagnosis of a neurodevelopmental disability was associated
with 1.24 decrease in standard scores (representing almost half a standard deviation on this mea-
sure) while heightened emotional distress was also associated with reduced performances. For
verbal memory, a significant interaction was found between developmental disability and years
of education. Accordingly, although the presence of a developmental disability was associated with
a decrease in performance, the impact of this was mitigated by each year of formal education
completed. Thus, for an individual with 7 years of education and a developmental disorder,
the model predicted a decrease in 4.18 points in verbal memory compared to an individual with-
out a developmental disorder. Poor visual memory performance was significantly predicted by the
presence of an ABI and higher sedative loads. In addition, age and age of first use were predictive
of visual memory performance whereby being male, older and commencing substance use at a
later age predicted better performance. Collectively this model accounted for 22% of the variance.
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Table 3. Regression models for predictors of cognitive performance

Outcome variable Predictors Coef Std err t p 95% CI Adj R2

Verbal intellectual
functioning

Age 0.15 0.12 1.26 0.21 −0.10 to −0.38 0.19

Gender (female) −2.33 2.55 −0.91 0.36 −7.37 to 2.73

Education 2.31 0.59 3.89 <0.001 1.13–3.48

Developmental dx. −8.41 3.66 −2.30 0.02 −15.66 to −1.17

DASS −0.08 0.04 −2.18 0.03 −0.16 to −0.01

Nonverbal intellectual
functioning

Age −0.13 0.10 −1.25 0.22 −0.33 to 0.08 0.10

Gender (female) −5.88 2.30 −2.55 0.01 −10.42 to −1.34

Education 1.29 0.53 2.44 0.02 0.25–2.34

ABI dx. −6.27 2.31 −2.72 0.007 −10.83 to −1.71

Information processing
speed

Age −0.24 0.11 −2.32 0.02 −0.45 to −0.04 0.20

Gender (female) 7.17 2.34 3.07 0.003 2.54–11.90

Education 1.59 0.55 2.92 0.004 0.51–2.68

Days of abstinence −0.004 0.002 −2.21 0.03 −0.008 to 0.00

DASS −0.09 0.04 −2.63 0.01 −0.16 to −0.02

Working memory Age −0.01 0.02 −0.57 0.57 −0.05 to 0.03 0.05

Gender (female) −0.19 0.42 −0.45 0.65 −1.03 to 0.65

Developmental dx. −1.24 0.60 −2.06 0.04 −2.43 to −0.05

DASS −0.02 0.01 −2.70 0.008 −0.03 to −0.004

Verbal memory Age −0.003 0.02 −0.15 0.88 −0.05 to 0.04 0.08

Gender (female) 1.00 0.53 1.89 0.06 −0.04 to 2.04

Education 0.15 0.14 1.13 0.26 −0.11 to 0.42

Developmental dx. −9.85 3.93 −2.51 0.01 −17.61 to −2.09

Developmental dx. ×
education

0.81 0.37 2.21 0.03 0.09–1.53

Visual memory Age 0.03 0.01 2.30 0.03 0.004–0.052 0.22

Gender (female) −0.94 0.25 −3.67 <0.001 −1.44 to −0.43

ABI Dx. −0.85 0.26 −3.27 0.001 −1.36 to −0.34

Sedative load −0.17 0.06 −2.87 0.005 −0.29 to −0.05

Age of first use 0.09 0.04 2.30 0.02 0.01–0.16

Psychomotor speed Age −0.002 0.01 −0.23 0.82 −0.02 to 0.02 0.08

Gender (female) 0.76 0.25 3.09 0.002 0.27–1.25

DASS −0.01 0.004 −2.12 0.04 −0.02 to −0.001

Divided attention Age −0.01 0.02 −0.71 0.48 −.05 to 0.03 0.14

Gender (female) 0.56 0.45 1.26 0.21 −0.32 to 1.45

Sedative load −0.33 0.11 −2.96 0.004 −0.54 to −0.11

DASS −0.02 0.01 −2.84 0.005 −0.03 to −0.01

(Continued)
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Divided attention was significantly predicted by sedative load and emotional distress, with the
model accounting for 14% of the variance. This indicates that higher sedative load scores and
increased symptoms of emotional distress were negatively impacting the efficiency with which
individuals could rapidly switch and divide their attention.

Finally, better performance on a measure of cognitive inhibition was predicted by younger age
and an interaction effect between developmental disability and years of education, similar to what
was observed for verbal memory. Taking the average years of education for the sample, having a
developmental disability was associated with a 0.47 point decrease in scaled scores for cognitive
inhibition. Predictor variables for the presence of a mental health diagnosis, complex trauma his-
tory, untreated hepatitis C, and current substance use were not found to have made a meaningful
contribution to any of the outcome measures assessed.

Discussion
This study aimed to evaluate the unique contribution of biopsychosocial factors to cognitive func-
tioning in a group of community-based individuals presenting to a specialist neuropsychology
addiction treatment service. In partial support of our hypotheses we found that higher sedative
loads from prescribed medications strongly predicted worse performance on measures of divided
attention and visual memory, while greater symptoms of emotional distress predicted worse per-
formance on measures of divided attention, verbal intellectual functioning, information process-
ing speed and working memory. As would be expected, gender, years of education, the presence of
an ABI, and neurodevelopmental diagnoses also predicted aspects of cognitive functioning either
independently or through interactions, while age, age of first use, and shorter abstinence durations
were also identified as predictors in some domains. Current daily substance use, mental health
diagnoses, trauma histories, and the presence of untreated hepatitis C were not independently
associated with cognitive impairment in the current sample.

A primary finding from this study was an index of medication sedative load being predictive of
reduced performance on measures of divided attention and visual memory, suggestive of individ-
uals with larger sedative loads experiencing deteriorations in their ability to efficiently switch their
attention between competing demands and recall complex visual information. The contribution of
higher sedative loads to these domains observed in this clinical sample is concerning given these
sedatives tend to be highly prescribed in AOD populations (Foulds et al., 2018). The use of sedat-
ing medications is already associated with increased risk of overdose and death, particularly
among opioid users (Australian Bureau of Statistics, 2017; Sun et al., 2017) and these findings
demonstrate that further caution is warranted in addition to this risk.

The deleterious impact of commonly prescribed sedative medications to cognitive functioning
is well established (Crowe & Stranks, 2018; Tannenbaum et al., 2012). In particular, previous

Table 3. (Continued )

Outcome variable Predictors Coef Std err t p 95% CI Adj R2

Cognitive inhibition Age −0.04 0.02 −2.08 0.04 −0.08 to −0.002 0.07

Gender (female) 0.47 0.46 1.03 0.30 −0.43 to 1.37

Education 0.13 0.12 1.11 0.27 −0.10 to 0.36

Developmental dx. −7.84 3.15 −2.49 0.01 −14.06 to −1.61

Developmental dx. ×
education

0.67 0.29 2.27 0.02 0.09–1.25

Note. ABI, acquired brain injury; DASS, Depression Anxiety and Stress, Scale; Dx, Diagnosis.
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literature has reported that short and intermediate acting GABAergic benzodiazepine drugs (e.g.
midazlolam) and first generation antihistamine and tricyclic antidepressant drugs can evoke
amnestic and non-amnestic cognitive impairments (Tannenbaum et al., 2012). Furthermore, a
meta-analysis of studies evaluating the long term use of benzodiazepines demonstrated persistent
cognitive deficits in all domains explored with the exception of executive functioning, despite
abstinence (Crowe & Stranks, 2018). Use of these medications in the long term therefore repre-
sents a wholly preventable contributor to cognitive impairment in an already vulnerable and at-
risk client group. When prescribing these medications there needs to be consideration of the risks
and benefits and specialist addiction medical input and monitoring may be appropriate.
Combined with previous literature, the findings of the current study add to the public health con-
cern regarding use of sedative medications and polypharmacy in AOD populations.

Previous studies have also recognised the contribution of mental health conditions to cognitive
impairment in adult populations (Cohen et al., 2013; Goodall et al., 2018; Robinson et al., 2013;
Rock et al., 2014). Our findings suggest current emotional distress is also a clear contributor to
cognitive impairment in AOD settings: those with heightened emotional distress, including symp-
toms of depression, anxiety and stress at the time of assessment were experiencing difficulties on
both higher and lower order aspects of cognitive functioning. This client group is often experienc-
ing a range of stressors including legal issues, financial concerns, unstable accommodation, unem-
ployment, family and relationship problems, including family violence (Lubman et al., 2016;
Manning et al., 2017). Therefore, in this cohort it is critical that neuropsychologists are mindful
of a client’s emotional state and the presence of any psychosocial stressors in the lead up to and
throughout the assessment process. For other clinicians this highlights the importance of consid-
ering the impact of such symptoms when facilitating interventions with a high cognitive load such
as counselling or treatment discussions and adapting sessions accordingly. Highly complex clients
would benefit from addiction psychiatry support to treat and provide emotional support, in addi-
tion to having practical needs addressed.

A consistent theme that emerged from these results was the impact of basic demographics
including gender and years of education on cognitive outcomes in this group. The impact of edu-
cational attainment was most notably observed on verbally mediated tasks where increased years
of education was associated with better performance on tasks such as verbal intellectual function-
ing which is consistent with previous research (Abad et al., 2016). Lower levels of educational
attainment may also serve as a proxy for early adverse life events including experiences of child-
hood trauma, neurodevelopmental disability or poor psychosocial environments which could
impact cognitive outcomes in adulthood through to old age (Livingston et al., 2020). One inter-
esting pattern of findings was the interactions observed between neurodevelopmental disability
and education. For each year of education, the impact of neurodevelopmental disability on verbal
memory and cognitive inhibition was reduced. This may reflect the severity of the diagnoses where
those with more severe conditions (e.g. intellectual disability), and therefore greater cognitive dif-
ficulty, may complete fewer years of education than those with less disabling conditions.
Alternatively, access to education and appropriate supports may support the development of these
cognitive skills despite the presence of disability.

Just as low levels of education may serve as a proxy for early life adversity, current findings
suggest age may also serve as a proxy for cumulative impairment in some cognitive domains within
this client group. Despite cognitive performances being normed for age, as per standard clinical prac-
tice, older individuals had slowed information speed and greater difficulty inhibiting a prepotent
response, suggestive of a degree of cumulative impairment in these domains. This may reflect longer
durations of substance use for instance or premature ageing secondary to the additive burden of cog-
nitive risk factors and poor health (Bachi, Sierra, Volkow, Goldstein, & Alia-Klein, 2017).

A surprising finding also emerged where older age was a predictor of better visual memory
recall. With normal age related declines being already corrected for in the standardisation process,
it is possible this finding may reflect another element of this task such as different organisational
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approaches or strategy use that may vary according to age, however, further investigation would
be required to evaluate these factors more closely. Finally, gender was a predictor for multiple
cognitive domains which is largely consistent with prior research (Herlitz, et al., 1997;
Kramer, et al., 2003).

The absence of a relationship between abstinence and the majority of cognitive domains may
be surprising given, at least partial, improvements in cognitive functioning have been well docu-
mented following abstinence from alcohol and other substances including amphetamine, heroin,
and cannabis (Bates, et al., 2013; Mann et al., 1999; Schmidt et al., 2017; Schulte et al., 2014; Yücel,
et al., 2007). Furthermore, contrary to expectations shorter abstinence durations were associated
with better information processing speed in the current study. Collectively these findings might be
reflective of selection bias, whereby individuals who are referred to our service for neuropsycho-
logical examination tend to be experiencing persisting cognitive difficulties, despite abstinence.
Cognitive impairments which are not ameliorated with abstinence have been specifically observed
following extensive alcohol and benzodiazepine use (Crowe, et al., 2019; Crowe & Stranks, 2018).
Persistent impairments following abstinence from other illicit substances are less well established
with the existing literature subject to many criticisms, such as the tendency to exclude or fail to
consider implications of polysubstance use which is considered the norm rather than the excep-
tion in clinical settings (Liu et al., 2018; Schmidt et al., 2017). Furthermore, there are no available
clinical practice guidelines for appropriate durations of abstinence prior to neuropsychological
assessment. Finally, research on cognitive recovery with abstinence is unclear and compounded
by difficulty elucidating what may be pre-existing cognitive weaknesses that pre-dispose individ-
uals to substance use as compared to what weaknesses may be a consequence of substance use
(Basterfield, et al., 2019).

The current study highlights the interplay between multiple biopsychosocial factors and cog-
nition. While referral to neuropsychologists can assist in elucidating these factors and clarifying
diagnostic questions, access to such services is often limited due to lengthy waitlists or prohibitive
costs. For marginalised individuals with substance addiction, these are significant barriers and
access to neuropsychological services with specific expertise in addiction is even further limited.
In such a highly stigmatised group of individuals, neuropsychologists need to be mindful as to how
neuropsychological assessments can be used to advocate for or deny access to services when much
of the disability sector requires firm diagnoses in order to gain access, and simultaneously cautious
in order to avoid unnecessary labels and additional stigma. Specialist addiction neuropsychology
services, similar to Memory Clinics for older adults, would be an ideal solution given the high
levels of complexity in the population.

Additionally, clinicians including general practitioners, addiction medicine specialists, psychia-
trists, and psychologists need to be familiar with some of the presenting issues and potential for
these factors to impact on or account for cognitive impairment. Our study indicates that a holistic
approach to patient care is warranted. Timely management of these issues has the potential to
either alleviate or reduce the severity of any cognitive complaints or in the event of persistent
concerns, improve diagnostic accuracy of neuropsychological assessments.

Limitations

The findings of the current study must be interpreted in the context of a number of limitations.
Firstly, this study was based on a convenience sample utilising retrospective data and so assess-
ment measures and procedures were selected based on the needs of the client, the referral question
and preferences of the clinician. Therefore, not all clients completed the same measures or the full
battery of measures described, resulting in missing data throughout several variables. As such, for
some outcome variables (most notably working memory) index scores were not available which
may have impacted the results due to the reliance on a single test for this domain with a corre-
sponding low R-squared value in this model. Similarly, some predictor variables also had missing data
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as in some cases this information was not clearly documented in available reports. In view of this,
applying a listwise deletion procedure to perform a complete case analysis of all of the variables tested
in the models would have resulted in an overly restricted final sample that may not have been repre-
sentative of the overall dataset. Consideration of statistical methods to mitigate the issue of missing
data was also given including the use of multiple imputation methods, however, these were also not
considered appropriate given the nature of the dataset (Jakobsen, et al., 2017).

Secondly, from the available data some aspects of individual’s histories were difficult to quan-
tify in variables appropriate for modelling such as the severity of ABI, neurodevelopmental con-
ditions, Hepatitis C infection, or lifetime polysubstance use histories which may have prevented
some associations from being detected. Some clinical information was reliant on self-report which
may be subject to recall or nondisclosure bias. This was partially mitigated through the verification
of available medical or other assessment records but nevertheless it remains a potential limitation.

As such, we cannot conclude that the relationships between these variables are limited to what
was observed in the current study, and the factors related to optimal cognitive functioning are
likely to be far more complex, multifaceted, and nuanced. The models in the current study should
therefore be considered exploratory in nature. Prospective, longitudinal research systematically
examining factors known to impact cognition, including polysubstance use, duration of use, num-
ber of detoxification admissions, and abstinence together with medication use, mental health and
psychosocial stressors in real-world substance using populations would enable a more accurate
understanding of this complex population.

Conclusions
In conclusion, the findings of the current study make an important contribution to the under-
standing of pre-existing and potentially modifiable biopsychosocial risk factors for cognitive
impairment and reduced neuropsychological performance in individuals with alcohol and sub-
stance use disorders. Notwithstanding the acknowledged limitations associated with data from
this real-world clinical sample, they highlight the importance of careful diagnostic formulation
in clients with AOD histories who have high levels of unmet needs. At times, this may include
adopting a conservative approach to clinical interpretation with consideration of the relevant
biopsychosocial factors in cases where multiple unmanaged comorbidities are present in order
to highlight treatable aetiologies and limit the impact of further labelling and stigmatisation in
this cohort. Ensuring modifiable risk factors for cognitive impairment are managed, such as
heightened experiences of emotional distress or the use of sedating medications, may reduce cog-
nitive impairment, and improve diagnostic clarity.
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