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Introduction
Alcohol use disorders (AUD) and depression are highly prevalent 

conditions with Australian data reporting 12-month prevalence of 7% 
for affective disorders and 6% for alcohol use disorders [1]. These two 
conditions co-occur at rates greater than chance in community and 
clinical samples [2,3]. In clinical samples, prevalence of depression 
in people seeking treatment for AUD ranges from 25.7% [4] to 70% 
[5]. Another Australian study reported that people meeting DSM-IV 
alcohol dependence criteria were 4.5 times more likely to meet criteria 
for an affective disorder than non-drinkers [6]. 

Information from neuropsychological assessments is a powerful 
tool in the therapy room and research environments. Cognitive deficits 
can be shown to predate the onset of clinical symptoms in some 
conditions [7-9] and even predict course and prognosis. Hazardous use 
of alcohol has been associated with impairments in memory, attention, 
executive functions, impulsivity, verbal fluency and visuospatial 
functioning [10-16]. However, there are conflicting findings regarding 
the longitudinal pattern of cognitive deficits after entering a phase 
of abstinence. There is consensus that cognitive impairment is at its 
greatest in the period immediately after abstinence commences [16,17]. 
However, debate continues about the longer term pattern of change. 
Studies have demonstrated improvement in memory and executive 
function in the first months of abstinence [15] while others have found 
ongoing impairments in these domains [16,18], with deficits persisting 
for months or years after cessation of alcohol misuse [19]. 

Abstract
Objective: Co-occurring alcohol misuse and depression (CAD) are highly prevalent and are both with associated 

cognitive impairments. Few studies have assessed how cognitive functioning changes over time in association with 
improvements in alcohol use and/or depression. This is the first study to assess cognitive function and symptoms of 
depression and alcohol use in a CAD sample at baseline and again at 12-months. We explored whether reduction in 
alcohol use or improvement in symptoms of depression were associated with changes in cognitive functioning. 

Methods: Neuropsychological assessment was administered at baseline and after 12-months in a CAD sample of 
71 people who had participated in a psychological intervention in the interim. Changes in alcohol use and depression 
over 12 months were interpreted as potential factors in improvement in neuropsychological function. 

Results: Depressive symptoms and alcohol use improved over 12-months while overall neuropsychological test 
performance was stable. Improvement in verbal memory, working memory and executive function was predicted by 
improvement in depressive symptoms measured by the BDI-II, but not by change in alcohol use quantity or frequency 
of heavy drinking. 

Conclusion: Among people with CAD, alleviation of the symptoms of depression may have greater influence on 
cognitive functioning in areas such as memory and executive function, than a reduction in alcohol use. Further treatment 
outcome research in CAD samples should include neurocognitive assessments in order to elucidate our understanding 
of cognitive impairments and potential improvements with intervention.

The cognitive repercussions during episodes of acute depression are 
also well known. Major Depressive Disorder (MDD) has been linked to 
impaired executive function, memory, psycho-motor function, verbal 
fluency, speed of information processing and attention [20-26]. Mixed 
results have been found in studies of neuropsychological functioning 
of people who have recovered from an acute episode of depression. 
Some report evidence for persistent deficits in attention and executive 
functions after remission [27-30] and others show some reversible 
dysfunctions in people with remitted depression [31]. A review of 
30 studies by Douglas and Porter concluded that verbal measures of 
learning, memory, and fluency were most likely to improve concurrently 
with mood, while executive function and attention deficits persisted as 
trait features of depression [32].

Because the co-occurrence of AUD and depression (CAD) is so 
frequent and both conditions in isolation are associated with cognitive 
impairments, it is important to examine what happens cognitively in 
the highly prevalent CAD presentation, and longitudinally when one 
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or both of these conditions have improved. Despite the high prevalence 
of this comorbidity, only four published studies could be found directly 
comparing cognitive functioning in participants with a recent CAD 
presentation (in the absence of other substance use or mental health 
comorbidity) to those with alcohol use only [33], depression only [34], 
healthy controls [34-36] or published norms [33,37]. Only two of these 
examined non-abstinent participants [34,37]. The literature is divided 
about whether the addition of co-occurring depression exacerbates 
neurocognitive deficits in an alcohol abusing sample. Compared to 
people with alcohol misuse without co-occurring depression, CAD 
groups have demonstrated greater deficits in visuospatial learning and 
immediate visual memory [33,34]. However other results suggest that 
the deficits of AUD are not further worsened by depressive symptoms 
[36]. Comparison between a CAD sample and published norms 
or healthy controls has also failed to show a significant cognitive 
impairment in CAD groups, either with test scores in the normal range 
[37] or performance on neuropsychological tests below published 
norms but not significantly worse than healthy controls [33]. 

Establishing the stability of neurocognitive deficits in people with 
CAD is important, and has the potential to inform treatment planning 
for this group. For example, if deficits in memory and executive 
functioning remained despite effective remission of depressive 
symptoms and/or alcohol misuse, then specific training in living skills, 
quality of life or cognitive remediation may be necessary as an adjunct 
to standard cognitive behavior therapy treatment protocols.

To our knowledge the present study is the first to examine longer-
term change in cognitive functioning in a CAD sample. Participants 
underwent assessment at baseline and again at 12-months and then 
participated in a motivational interviewing and cognitive behavior 
therapy (MICBT) intervention which addressed depression and 
alcohol use, without cognitive remediation [38]. We explored whether 
changes in symptoms of depression or in consumption of alcohol were 
associated with changes in cognitive functioning. 

Extrapolating from studies of neurocognitive function in remitted 
depression, executive function and attention seem less likely to improve 
than other cognitive impairments [32]. Research on long term patterns 
of cognitive impairment after recovery from AUD is less clear. However 
memory and executive function also seem to be relevant cognitive 
domains to assess in this group. It was hypothesized that change in 
alcohol consumption and depression will have unique and significant 
contributions to change in memory and executive function over 
12-months.

Method
Ethics and clinical trials registration

This project received approval from the relevant ethics 
committees and was registered with the Australian New Zealand 
Clinical Trials Registry (ANZCTR: www.anzctr.org.au; identifier: 
ACTRN12607000057482).

Sample

The baseline neuropsychological assessment was completed by 108 
participants in a randomized controlled trial (RCT) of integrated versus 
single-focused Motivational Interviewing/Cognitive Behaviour Therapy 
(MI/CBT) for co-occurring hazardous alcohol use and depression 
known as the DAISI study [38,39]. DAISI participants were invited 
to complete baseline and 12-month neuropsychological assessment if 
their entry to DAISI fell within a neuropsychological data collection 
time period and they were located at the Newcastle, New South Wales, 

Completed baseline
neuropsychological assessment at
NSW site (N=108)

Completed 12-month
neuropsychological assessment at
NSW site (n=71)

12-month neuropsychological 
assessment not Completed (n=37)
    Refused          (n=36)
    Uncontactable (n=1)

Figure 1: Consort Diagram.

study site. This paper reports on 71 participants who completed both 
the baseline and 12-month follow-up symptom and neuropsychological 
assessments (recruitment and attrition shown in Figure 1). 

Eligible participants were experiencing depressive symptoms 
evidenced by BDI–II total scores of ≥17 (14-19=mild; 20-28=moderate; 
29-63=severe) and consuming alcohol at hazardous levels in the month 
before baseline assessment. The Australian NHMRC recommended 
alcohol use levels at the time of data collection (averaging ≥ 28 
standard drinks per week for men and ≥ 14 per week for women) 
were used to define hazardous use of alcohol [40]. Exclusion criteria 
included current psychotic illness, history of brain injury, and non-
fluency in English. Participants were not excluded on the basis of 
current pharmacotherapy, however entry to the study was delayed 
until one month after commencing any new medications or changing 
treatment regimens to allow stabilization. Polysubstance use was not 
an exclusionary criterion and was included as a predictor in regression 
analyses. Preliminary analyses also demonstrated that baseline 
neuropsychological test performance did not differ between those with 
and without polysubstance use. 

Procedure
Participants were community members who responded to 

advertisements for the study in local media or were referred by health 
service providers, alcohol and other drug clinical services, government 
agencies and non-government organizations. Potential participants 
expressed interest in the study by giving written permission to be 
contacted or by calling the research team. During the initial contact 
participants were screened for eligibility using a Beck Depression 
Inventory FastScreen (BDI-FS) [41] and discussion of recent alcohol 
use. Informed consent to participate was obtained from those wishing 
to proceed with the study prior to the initial assessment. The initial 
symptom assessment was carried out at the research center by registered 
or provisionally registered psychologists who had been trained in 
administration and interpretation of the assessments. Approximately 1 
week later participants completed the neuropsychological assessment 
administered by psychologists or clinical psychologists. Participants 
received AUD $20 reimbursement for their time. 

After baseline assessment participants were offered one of four 
treatments (Supplementary Figure 1) [38]. Regardless of completion 
of the treatment phase, participants were invited to complete the 
12-month follow-up assessment. Psychologists who were blind to 
baseline assessment and treatment allocation carried out the 12-month 
follow-up symptom and neuropsychological assessment, offering AUD 
$20 as reimbursement. 

Measures
At baseline and 12-month follow-up, participants’ alcohol use, 
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mental health, memory and executive functioning were assessed 
using the measures described below. Primary outcome measures were 
12-month changes in neuropsychological tests known to be sensitive to 
the cognitive domains of memory and executive function. Change in 
depressive symptoms and alcohol use frequency and quantity were used 
as predictors in the main analysis. 

Neuropsychological measures: A range of neuropsychological 
tests were carried out and are reported elsewhere [37]. Of relevance to 
the aims of the current study are the domains of memory and executive 
function and estimation of premorbid intelligence. 

Memory: To assess auditory attention and working memory the 
Digit Span (DS) subtest of the Wechsler Adult Intelligence Scale (WAIS-
III) [42] was used. Verbal memory was assessed by the Rey Auditory 
Verbal Learning Test (RAVLT) [43] which tests immediate and delayed 
recall of a word list. 

Executive Function: Two subtests from the Delis-Kaplan Executive 
Functioning System (D-KEFS) [44] were used: the Controlled Oral Word 
Association Test (COWAT) [45] and the Color-Word Interference task 
(CWI). The COWAT measures verbal fluency in an effortful, phonemic 
format (Letter Fluency: LF), from overlearned concepts (Category 
Fluency: CF), and while shifting between overlearned concepts 
(Category Switching: CS). The CWI is a modified STROOP test [46] 
in which the ability to inhibit an overlearned response in order to 
generate a conflicting verbal response of naming dissonant ink colours 
is measured. Two CWI subtests were analysed: the traditional STROOP 
inhibition task which requires the inhibition of reading in preference 
of naming dissonant ink colors (In), and switching between naming 
dissonant ink colors and reading the words (Inhibition/Switching: IS). 

Premorbid Intelligence: The Wechsler Abbreviated Scale of 
Intelligence (WASI) [47] Vocabulary subscale was administered 
and combined with demographic variables such as age, gender, and 
education to estimate premorbid intelligence. This combination of 
demographic predictors and current performance on a “hold” measure 
such as Vocabulary has been shown to generate a reliable estimate of 
premorbid intelligence [48]. To approximate the variance accounted 
for by premorbid functioning, demographics and baseline Vocabulary 
were entered into the regression equation at step 1.

All neuropsychological measures were administered and scored in 
accordance with the published protocols. To minimize the impact of 
practice effects at 12-months, published alternate forms were used for 
retesting where possible for the COWAT and RAVLT. The 12-month 
delay was intended to offset the impact of practice effects associated 
with retesting where alternate forms were not available.

Alcohol and other substance use measures: Alcohol use was 
primarily measured in terms of average number of standard drinks 
consumed per week (quantity of use) and average number of heavy 
drinking days per week (frequency of use) derived from a Time Line 
Follow Back for the previous two weeks; TLFB) [49]. One standard 
drink contained 10g ethanol. A heavy drinking day was defined by 
drinking 6 or more standard drinks in one day for men and 4 or more 
standard drinks in one day for women. To validate participants’ self-
reported alcohol consumption, collateral interviews asking about 
quantity and frequency of alcohol use were conducted at 12-months. 

Additionally, Structured Clinical Interview for DSM IV-TR (SCID) 
[50] alcohol abuse and dependence items were used to derive DSM-
IV and DSM-5 AUD diagnoses with the exception of the new DSM-
5 craving criterion which had not been assessed [51,52]. Participants 
also completed the Alcohol Use Disorders Identification Test (AUDIT) 

[53] and an Opiate Treatment Index (OTI) [54] estimated average 
daily use occasions of 11 classes of substances (alcohol, heroin, other 
opiates, cannabis, amphetamines, cocaine, tranquillizers, barbiturates, 
hallucinogens, inhalants and tobacco) in the preceding month. 

Depression measures: Severity of depressive symptoms was 
assessed using the BDI-II [44,55]. Cognitive (9 items, range 0-27), 
affective (4 items, range 0-12) and somatic (8 items, range 0-24) 
depressive symptom sub-scales were derived from the BDI-II [56,57]. 
The SCID depression items were also assessed and from these DSM-IV/
DSM-5 Major Depressive Disorder diagnoses were derived [50,51,58].

Statistical analysis

Data were analyzed using SPSS for Windows (version 21.0). All 
neuropsychological tests were scored and age adjusted according to 
the standard published procedures. Where available, the mutualized 
t-score, z-score or standard score was used. Change scores were coded 
so that improvement was reflected in a higher, positive score.

T-tests examined change over 12 months in memory (RAVLT 
immediate recall; RAVLT delayed recall; Digit Span), executive 
function (COWAT-LF; COWAT-CF; COWAT-CS; CWI-In; CWI-IS), 
alcohol use (mean drinks per week; heavy drinking days per week), 
and depression (BDI-II total score; BDI-II somatic sub-scale; BDI-II 
affective sub-scale; BDI-II cognitive sub-scale). Next we compared the 
predictive validity of change in depressive symptoms and alcohol use 
for change in neuropsychological tests sensitive to executive function 
and memory. To do this, hierarchical multiple regression analyses with 
change in neuropsychological test score as the dependent variable 
were carried out. Variables that have previously been shown to impact 
on outcome (age, gender, baseline use of antidepressant medication, 
baseline use of anxiolytics, hazardous use of alcohol during the 
24-hours prior to neuropsychological assessment, age at leaving school, 
and treatment allocation) and baseline WASI Vocabulary score (to 
approximate premorbid IQ) were entered at Step 1. Baseline measure 
of the dependent variable and the baseline BDI-II, mean drinks per 
week and heavy use days per week were entered at Step 2. Change in 
mean drinks per week, change in days of heavy drinking and change in 
BDI-II scores were entered separately at steps 3, 4 and 5 respectively. To 
clarify the role of change in cognitive, affective and somatic depressive 
symptoms, sensitivity analyses were carried out as described above but 
with cognitive, affective and somatic sub-scales derived from BDI-II 
items entered in lieu of the BDI-II total score in separate steps at steps 
5, 6 and 7 respectively.

A family wise error rate was applied, adjusting for the number of 
outcomes in the family (defined by the neuropsychological domain of 
interest, i.e. memory or executive function). 

Results
Sample characteristics

Demographic and baseline symptom characteristics of participants 
are shown in Table 1. Participants were asked to abstain from alcohol and 
other substances for at least 24-hours before each neuropsychological 
assessment. Despite this instruction, at baseline 64.2% reported 
consuming alcohol in the previous 24-hours, and 37.7% of these did 
so at hazardous levels. Similarly, in the 24-hours prior to 12-month 
neuropsychological assessment 59.2% reported consuming alcohol, 
with 29.6% doing so at hazardous levels. The average number of days 
abstinent prior to each neuropsychological assessment was 3.6 days 
(range: 0-32days) prior to baseline and 20.5 days (range: 0-12 months) 
prior to 12-month assessment. Only 2.8% and 7.0% of participants 
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reported use of other substances on the day prior to baseline and 
12-month testing respectively. There were no significant differences 
in neuropsychological results between participants with recent 
hazardous alcohol or substance use and those who had not used in the 
past 24-hours, so use of alcohol or other substances in the preceding 
24-hours was not included as a covariate in later analyses. 

At baseline, the diagnostic criteria for DSM-IV Alcohol Abuse and/
or Dependence were met by 88.6% currently and 92.9% lifetime. DSM-5 

AUD criteria (excluding craving criterion) were met by 93.0% currently 
and 95.8% lifetime. DSM-IV/DSM-5 MDD criteria were met by 64.8% 
currently and 71.8% lifetime. Collateral interviews were completed at 
12-months by a close friend or family member of 38% of participants, 
with 100% agreement on quantity consumed on a typical drinking day 
and frequency of heavy alcohol use. 

Participants’ baseline use of substances other than alcohol is 
reported in Table 2. In the month prior to baseline assessment 51.4% 
had used tobacco, 21.4% used cannabis, 8.5% used amphetamines and 
4.3% used tranquilizers. Lifetime SCID Substance Dependence was 
included as a covariate in the regression analyses. 

Completion of follow-up assessment

Recruitment and attrition profiles are presented in Figure 1. Only 
participants who underwent baseline neuropsychological assessment 
were eligible for 12-month neuropsychological assessments. Some 
participants were unwilling or unable to complete each assessment, but 
were included if they had completed the majority of items. Details of the 
full sample in the DAISI trial are reported elsewhere as are comparisons 
of the results of the different treatments [38]. 

The average time between completion of baseline and 12-month 
follow-up assessment was 57 weeks (range: 52-75). Both baseline and 
follow-up assessments were completed by 71 participants (65.7% of the 
eligible baseline sample). Participants who completed the 12-month 
follow-up did not differ significantly from those who did not complete 
follow-up on any key baseline measures of cognitive functioning, 
depression, alcohol use, age or use of medication. 

Change in neuropsychological functioning, depressive symp-
toms and alcohol use

As shown in Table 3, the mean scores for each neuropsychological 
subtest were in the average range compared to published norms at 
baseline and follow-up. After Bonferroni correction, none of the 
neuropsychological test variables differed significantly between baseline 
and 12-months. 

Table 3 displays the baseline and 12-month severity of depressive 
symptoms on the BDI-II and alcohol use quantity and heavy use 
frequency, according to gender. Overall participants reduced their 

Variable M SD Range n %

Age, years 46.99 10.77 23-70

Sex, male/female 44/27 62/38%

Australian born 56 78.9%

Medication

Antidepressant 39 54.9%

Anxiolytic 13 18.3%

Anti-craving 4 5.6%

Antipsychotic 5 7.0%

Work status

Employed 28 39.4%

Student 1 1.4%

Retired 9 12.7%

Unemployed 29 40.8%

Other/no income 4 5.6%

Primacy

Depression 25 35.2%

Alcohol misuse 28 39.4%

Unclear primacy 18 25.4%

Alcohol Measures

AUDIT 23.62 6.68 10-40

Current SCID Alcohol Dependence 59 85.5%

Emotional Functioning

GAF 57.63 8.49 30-70

Current SCID MDD 46 64.8%

Table 1: Baseline sample characteristics (N=71).

Substance Lifetime use 
(%) (n=70)

Age at first use 
among users (SD)

Usage last 
month (OTI)

OTI mean 
among users in 
past month (SD)

n %

Alcohol 100.0 15.8 (4.2) 70 100 8.6 (6.1)
Tobacco 84.3 15.0 (4.9) 36 51.4 15.9 (11.2)
Cannabis 64.3 18.4 (6.3) 15 21.4 6.7 (17.6)
Amphetamines 36.6 24.1 (5.2) 6 8.5 0.1 (0.1)
Tranquilisers 12.9 29.0 (8.7) 3 4.3 0.1 (0.1)
Hallucinogens 32.9 20.8 (4.8) 0 0.0 NA
Other opiates 7.1 20.0 (0.0) 0 0.0 NA
Heroin 14.3 22.4 (8.3) 0 0.0 NA
Inhalants 7.1 19.4 (3.4) 0 0.0 NA
Cocaine 15.7 22.4 (3.6) 0 0.0 NA
Barbiturates 5.7 22.3 (5.6) 0 0.0 NA

Table 2: Patterns of substance use assessed at baseline.

Baseline 12-months Change

M SD M SD t % 
improved 

WAIS-R (standard score)

Digit span 10.76 3.07 10.75 3.44 0.048 54.9%

RAVLT (raw-score)

Total immediate recall (A1:A5) 47.99 10.50 51.64 9.79 -0.809 74.2%
Delayed recall (A7) 9.30 3.37 10.30 3.33 -1.128 77.2%

COWAT (standard score)

Letter fluency 11.01 3.77 10.59 3.62 1.493 54.9%
Category fluency 11.27 3.46 10.46 3.57 2.282 43.7%
Category switching 11.27 3.46 11.48 4.19 -0.447 64.8%
Switching accuracy 10.54 3.40 10.80 4.23 -0.537 62.0%

CWI (standard score)

Inhibition 9.85 2.94 9.96 2.98 -0.470 71.8%
Inhibition / switching 10.14 2.83 10.48 2.29 -1.380 60.5%

***p<0.001; **p<0.01; **p<0.05 (Bonferroni adjusted)
Table 3: Baseline and 12-month means, standard deviations and change in age-
scaled neuropsychological variables (N=71).
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quantity and frequency of heavy alcohol consumption and experienced 
a reduction in depressive symptoms. At 12-months the study’s 
depression entry criteria was met by 51.4%, alcohol entry criteria by 
76.8%, and both alcohol and depression entry criteria by 44.9%.

Prediction of change in executive function

Results are reported as significant if they met the Bonferroni 
corrected p-value and significant results are summarized in Table 5. 

Change in BDI-II total score significantly contributed to the prediction 
of change in COWAT-CF (p =0.009), however a sensitivity analysis 
showed that change in the individual BDI-II subscales did not. The 
model accounted for 54% of the variance in the change between baseline 
and 12-month COWAT-CF scores. A trend was noted for change in 
mean drinks per week to contribute to the prediction of change in 
CWI-IS however this was not significant after Bonferroni correction 
(p =0.037).

Prediction of change in memory 

Significant results are summarized in Table 6. Change in the 
BDI-II Cognitive sub-scale significantly contributed to the regression 
predicting change in RAVLT immediate recall, even when change in 
alcohol use variables was considered (p=0.001). The model accounted 
for 77% of the variance in the change between baseline and 12-month 
RAVLT immediate recall. There was also a trend for change in BDI-II 
total score to predict change in immediate recall, which was no longer 
significant after Bonferroni correction (p=0.037). Change in RAVLT 
delayed recall was also predicted by change in the BDI-II Cognitive 
sub-scale (p=0.001). This model accounted for 73% of the variance 
in the change between baseline and 12-month RAVLT delayed recall. 
Change in Digit Span (working memory) was predicted by change in 
BDI-II total score (p =0.001) and by change in BDI-II Affective sub-
scale (p=0.002). The model accounted for 62% of the variance in the 
change between baseline and 12-month Digit Span. Change in alcohol 
use quantity and heavy use frequency did not predict change in any of 
the memory variables, regardless of whether change in depression was 
included in the model. 

Discussion
Our key finding is that improvements in the domains of memory 

and executive functioning were predicted by improvement in depression 
in a CAD sample. This occurred after participation in treatments that 
did not focus on cognitive remediation. Improvement in depressive 
symptoms as a predictor of cognitive improvement is consistent with 

Baseline 12-months Change
n M SD n M SD t

Overall
BDI 71 30.39 9.14 70 18.10 11.61 9.243***

BDI-II cognitive sub-scale† 71 12.44 4.73 70 7.07 5.06 8.328***

BDI-II affective sub-scale†† 71 6.72 2.51 70 3.73 2.95 7.903***

BDI-II somatic sub-scale††† 71 11.31 3.98 70 7.30 4.74 6.920***

Mean drinks / week 60 48.82 29.77 60 29.62 27.84 5.713***

Heavy drinking days / week 61 4.32 2.27 61 2.60 2.55 5.295***

Males
BDI 44 29.63 9.48 43 16.26 10.82 8.443***

BDI-II cognitive sub-scale† 44 12.48 4.68 43 6.51 4.91 7.775***

BDI-II affective sub-scale†† 44 6.39 2.64 43 3.14 2.32 8.093***

BDI-II somatic sub-scale††† 44 10.91 4.14 43 6.60 4.80 5.632***

Mean drinks / week 35 55.88 31.50 35 34.44 30.49 4.703***

Heavy drinking days / week 36 4.49 2.32 36 2.85 2.81 4.128***

Females
BDI 27 31.59 8.59 27 21.04 12.40 4.494***

BDI-II cognitive sub-scale† 27 12.37 4.88 27 7.96 5.26 3.896***

BDI-II affective sub-scale†† 27 7.26 2.23 27 4.67 3.59 3.485**

BDI-II somatic sub-scale††† 27 11.96 3.69 27 8.41 4.50 3.971***

Mean drinks / week 25 38.94 24.48 25 22.87 22.53 3.230**

Heavy drinking days / week 25 4.09 2.23 25 2.24 2.15 3.291**

***p<0.001; **p<0.01; **p<0.05
† 9 items, range: 0-27; †† 4 items, range: 0-12; ††† 8 items, range: 0-24
Table 4: Baseline and 12-month means, standard deviations and change in 
depression and alcohol use variables.

Step Variable R2 Δ R2 Cohen’s f2‡ F p value

Change in     
COWAT 
category 
fluency

1

2

3

4

5

Premorbid IQ, treatment sessions†, treatment content††, treatment focus††† poly drug use, past 24 hours 
alcohol use, gender, current anxiolytic, current antidepressant, age, age at leaving school.

Baseline BDI-II total score, baseline mean drinks/week, baseline heavy drinking days/week, baseline 
COWAT category fluency.

Change in mean drinks/week baseline-12 months.

Change in heavy drinking days/week baseline-12 months.

Change in BDI-II total score baseline-12 months

0.268

0.431

0.444

0.452

0.544

0.268

0.163

0.014

0.007

0.093

0.366

0.286

0.023

0.015

0.202

1.462

2.863

0.961

0.519

7.528

0.181

0.035

0.333

0.476

0.009**

Change in 
CWI 
inhibition 
switching

1

2

3

4

5

Premorbid IQ, treatment sessions†, treatment content††, treatment focus††† poly drug use, past 24 hours 
alcohol use, gender, current anxiolytic, current antidepressant, age, age at leaving school.

Baseline BDI-II total score, baseline mean drinks/week, baseline heavy drinking days/week, baseline 
CWI inhibition switching.

Change in mean drinks/week baseline-12 months.

Change in heavy drinking days/week baseline-12 months.

Change in BDI-II total score baseline-12 months

0.383

0.690

0.723

0.738

0.752

0.383

0.307

0.033

0.015

0.014

0.621

0.990

0.119

0.057

0.056

2.479

9.902

4.673

2.190

2.038

0.016

0.000***

0.037

0.147

0.162
† 1 session versus 10 sessions; ††Alcohol versus depression focus; †††Integrated versus single-focus 
‡ Effect size attributable to the addition of variables at each step
* Significant at the 0.05 level (Bonferroni corrected); ** Significant at the 0.01 level (Bonferroni corrected); *** Significant at the 0.001 level (Bonferroni corrected)

Table 5: Multiple regression analyses with change in depression and alcohol use as predictors of change in executive function.
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numerous studies of improved cognitive functioning after a depressive 
episode has abated in non-CAD samples [31]. Furthermore, studies of 
the relationship between baseline severity of depressive symptoms (not 
necessarily reaching threshold for diagnosis) and neuropsychological 
impairment in people with alcohol use disorder, have shown baseline 
depressive symptoms to be an important predictor of cognitive 
performance [37,59]. 

Reduction in alcohol use quantity and heavy drinking frequency 
did not predict cognitive improvement. Given the level of cognitive 
functioning at baseline of the CAD sample was in the normal range, it 
is likely that the alcohol consumption of this group had not contributed 
significantly to cognitive functioning. An exclusion criterion for the 

current study was brain injury sufficient to prohibit CBT, which may 
have excluded people for whom alcohol-related cognitive problems 
occurred. It is also possible that some other protective factor might 
have mediated the effects of alcohol on cognitive functioning. For 
example, Australia has a program of mandatory thiamine fortification 
of bread and wheat flour which is thought to protect against thiamine 
deficiency, a known problem in alcohol dependence and risk factor 
for Wernicke–Korsakoff syndrome [60,61]. This may be an important 
protective factor that should be considered in future research in this 
area, along with assessment of other elements of nutritional intake. 

Alcohol recovery may nevertheless play an important role in 
neuropsychological change in the CAD group. This paper reports on 

Step Variable R2 Δ R2 Cohen’s f2‡ F p value

RAVLT 
total immediate recall
(model 1 – BDI-II total 
score)

1

2

3

4

5

Premorbid IQ, treatment sessions†, treatment content††, treatment focus††† poly drug 
use, past 24 hours alcohol use, gender, current anxiolytic, current antidepressant, 
age, age at leaving school.

Baseline BDI-II total score, baseline mean drinks/week, baseline heavy drinking days/
week, baseline RAVLT total immediate recall.

Change in mean drinks/week baseline-12 months.

Change in heavy drinking days/week baseline-12 months.

Change in BDI-II total score baseline-12 months

0.157

0.672

0.672

0.672

0.709

0.157

0.514

0.000

0.000

0.037

.0186

1.570

0.000

0.000

0.127

0.746

15.665

0.038

0.008

4.696

0.690

0.000***

0.847

0.931

0.037

RAVLT 
total immediate recall
(model 2 – BDI-II 
subscale scores)

5 

6

7

Change in BDI-II cognitive subscale

Change in BDI-II affective subscale

Change in BDI-II somatic subscale

0.752

0.756

0.767

0.080

0.004

0.011

0.323

0.016

0.047

11.924

0.634

1.624

0.001**

0.431

0.211

RAVLT 
delayed recall
(model 1 – BDI-II total 
score)

1

2

3

4

5

Premorbid IQ, treatment sessions†, treatment content††, treatment focus††† poly drug 
use, past 24 hours alcohol use, gender, current anxiolytic, current antidepressant, 
age, age at leaving school.

Baseline BDI-II total score, baseline mean drinks/week, baseline heavy drinking days/
week, baseline RAVLT delayed recall.

Change in mean drinks/week baseline-12 months.

Change in heavy drinking days/week baseline-12 months.

Change in BDI-II total score baseline-12 months

0.286

0.648

0.655

0.665

0.691

0.286

0.362

0.007

0.011

0.025

0.401

1.028

0.020

0.030

0.084

1.605

10.283

0.744

1.203

3.042

0.131

0.000***

0.394

0.280

0.089

RAVLT 
delayed recall
(model 2 – BDI-II 
subscale scores)

5 

6

7

Change in BDI-II cognitive subscale

Change in BDI-II affective subscale

Change in BDI-II somatic subscale

0.721

0.724

0.733

0.056

0.003

0.009

0.201

0.011

0.034

7.430

0.375

1.132

0.010*

0.544

0.295

Digit Span
(model 1 – BDI-II total 
score)

1

2

3

4

5

Premorbid IQ, treatment sessions†, treatment content††, treatment focus††† poly drug 
use, past 24 hours alcohol use, gender, current anxiolytic, current antidepressant, 
age, age at leaving school.

Baseline BDI-II total score, baseline mean drinks/week, baseline heavy drinking days/
week, baseline digit span.

Change in mean drinks/week baseline-12 months.

Change in heavy drinking days/week baseline-12 months.

Change in BDI-II total score baseline-12 months

0.221

0.382

0.382

0.385

0.540

0.221

0.161

0.000

0.003

0.156

0.284

0.261

0.000

0.005

0.337

1.133

2.609

0.001

0.155

12.513

0.360

0.050

0.973

0.696

0.001**

Digit Span
(model 2 – BDI-II 
subscale scores)

5 

6

7

Change in BDI-II cognitive subscale

Change in BDI-II affective subscale

Change in BDI-II somatic subscale

0.436

0.574

0.615

0.052

0.138

0.041

0.090

0.324

0.106

3.412

11.661

3.686

0.073

0.002**

0.063
† 1 session versus 10 sessions; ††Alcohol versus depression focus; †††Integrated versus single-focus 
‡ Effect size attributable to the addition of variables at each step
* Significant at the 0.05 level (Bonferroni corrected); ** Significant at the 0.01 level (Bonferroni corrected); *** Significant at the 0.001 level (Bonferroni corrected)

Table 6: Multiple regression analyses with change in depression and alcohol use as predictors of change in memory.
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a small sample size with average cognitive functioning at baseline. 
Examination of the relationship between change in drinking and 
cognitive impairment in a sample with more severe cognitive decline 
at baseline could show a greater impact of reduction or cessation of 
alcohol use than we were able to detect here. 

The use of a sample of men and women currently engaging in 
hazardous alcohol use and experiencing depression is one of the 
strengths of the study. Despite instructions to the contrary, the 
majority of participants had consumed alcohol in the 24-hours prior 
to neuropsychological assessment, which raises concern about the 
potential for these results to be affected by intoxication. However it is 
also recognized that acute cognitive deficits are observed in the first 
two weeks of abstinence which can give rise to misleading levels of 
improvement on subsequent retesting when the acute withdrawal has 
abated [17]. Research has shown the weeks immediately following 
withdrawal from alcohol to be associated with higher cognitive 
impairment which may explain the higher functioning of this still-
drinking sample at baseline and the lack of significant cognitive 
improvement [16,17]. Examining these participants in the context of 
recent alcohol use gives a more naturalistic picture of how they present 
for treatment. This better informs our understanding of the hurdles 
to accessing and utilizing psychological treatment faced by alcohol 
abusing clients. 

Interpretation of these results should be considered in light of some 
limitations to the current study. Evidence of alcohol and other substance 
use was obtained by participant self-report. However, the absence of 
confirmatory toxicology was tempered by strong collateral validation of 
alcohol use at 12-months. Participant history of brain injury and other 
conditions which may affect cognition was also obtained by self-report 
without medical examination. Absence of a healthy control group is a 
further limitation of the study which has been minimized by the use of 
well normed neuropsychological assessments. It is also notable that the 
12-month follow-up rate was 65.7%, although examination of baseline 
neuropsychological test performance suggests that the completers and 
non-completers were not dissimilar in cognitive function. 

The finding that changes in depression have such an impact on 
cognitive improvement has important implications for intervening 
in the clinical CAD population. These results suggest that addressing 
depressive symptoms early in people with co-occurring alcohol 
misuse and depression could result in earlier cognitive improvement 
than in those whose depressive symptoms are not directly targeted. 
Previous research has shown that an integrated depression and alcohol 
intervention produced more rapid improvement in depression than 
either a depression focused or alcohol focused intervention [39]. 
Larger studies of interventions for this comorbidity, with longitudinal 
neuropsychological data are needed to explore this connection and 
improve our understanding of the trajectory of neuropsychological 
changes across the lifespan in people with CAD. At least, this study 
provides evidence that a CAD sample do not experience cognitive 
deficits that might interfere with the effectiveness of cognitive behaviour 
therapy for depression and alcohol misuse problems, and that treatment 
can occur in the context of current (and heavy) use. 
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