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Abstract

Alcohol dependence (AD) is associated with multiple cognitive deficits, which can

affect treatment outcomes. Current measures of tracking brain recovery (e.g.,

functional magnetic resonance imaging) can be less accessible for practitioners. This

study pilots a novel device (the brain gauge; BG) to assess its utility, and track re-

covery of cognitive function in residential alcohol treatment. Methods: A repeated

measures design assessed changes in cognitive function during detoxification.

Twenty‐one participants with AD (16 Male; Mean age 43.85 ± 6.21) completed a

battery of alcohol and memory questionnaires and BG tasks at two time‐points

(∼days 4 and 10) during a single managed detoxification episode. Results: Repeated

measures ANCOVA revealed that some BG metrics significantly improved, with

medium to large effect sizes ‐ processing speed, focus, temporal order judgement

and overall cortical metric. However, differences in subjective cognitive function

were non‐significant after controlling for depression and anxiety change scores.

Anxiety change emerged as a significant factor in subjective cognitive function.

Conclusions: We conclude it is possible that the prefrontal cortex (PFC) recovers

more slowly compared to other brain areas, and there are compounding effects of

improvements in anxiety and depression, and metacognitive deficits on subjective

EF assessments. Future research should seek to validate the clinical utility of the BG

by comparing against established neuroimaging methods.
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1 | INTRODUCTION

Alcohol dependence (AD) is associated with multiple cognitive

deficits, which can affect treatment outcomes (Brion et al., 2017).

The functions that are most impaired include executive functions

(EFs), learning, impulsivity, memory, attention, visuospatial abilities,

processing speed and verbal fluency (Stavro, Pelletier &

Povtin, 2013). The integrity of EF in particular is important in AD

(Domínguez‐Salas et al., 2016; Goldstein & Volkow, 2002; Oscar‐
Berman et al., 2014) and is predictive of treatment outcomes.

Impaired inhibitory control has been shown to predict relapse

(Noël et al., 2002; Petit et al., 2014). Similarly, higher scores on a
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test used to measure task shifting are associated with treatment

adherence (Desfosses et al., 2014). Furthermore, memory updating

predicts both relapse and treatment adherence (Dean et al., 2009;

Noël et al., 2002).

These findings are logical, as these cognitive deficits impact an

individual's ability to learn, retain, and apply strategies for relapse

prevention (Dawson & Grant, 2000; Pitel et al., 2007), and to

maintain goal‐directed behaviours (De Wilde et al., 2013). Main-

taining abstinence is important as extended abstinence leads to

cognitive recovery (Stavro et al., 2013). This suggests that if an

individual can be supported appropriately through the initial

treatment stages, their cognitive function may improve to a point

at which relapse is less likely. In the UK, the National Institute for

Health and Care Excellence (NICE) alcohol treatment guidance

recommends including brief measures of cognitive functioning to

help establish treatment planning goals, but formal assessment

should only be performed if impairment persists after abstention or

reduction in alcohol use (NICE, 2011). There is evidence that some

types of rehabilitation interventions can improve cognitive deficits

in some patient groups with AD, although it is uncertain whether

these also lead to improved treatment outcomes (Bates

et al., 2013). While economic resources often limit the intensity and

duration of treatment that can be offered, assessing cognitive

function and how it relates to treatment outcomes could allow

services to offer suitable treatment for individuals who are at

higher risk (Brion et al., 2017).

Positron emission tomography (PET) studies show that acutely,

alcohol causes an increase in dopamine turnover in the ventral

striatum (Boileau et al., 2003) and increased metabolism in the

striatum, amygdala and mesencephalon (Volkow et al., 2008).

However, decreased whole‐brain glucose metabolism is observed

following acute administration (Volkow et al., 2008; Wang

et al., 2003) suggesting that alcohol inhibits top down control of

behaviour and primes reward‐driven, alcohol seeking behaviours

(Gilman et al., 2008). Chronic alcohol use in AD is associated with

atrophy of the prefrontal cortex (PFC) and parietal cortex, when

measured with functional magnetic resonance imaging (fMRI;

Harris et al., 2008; Oscar‐Berman et al., 2009). Furthermore, fMRI

shows that AD is related to abnormal activation of these areas

during working memory tasks (Desmond et al., 2003; Tapert

et al., 2001), and low cognitive performance correlates with PFC

and parietal degradation (Chanraud et al., 2007). fMRI also in-

dicates that the medial PFC plays a large role in relapse (Char-

let et al., 2014), and overcoming craving (Goldstein &

Volkow, 2011). It is therefore possible that PFC dysfunction could

have a significant impact on the cognitive deficits observed in AD

(Moselhy et al., 2001), and consequently could affect treatment

outcomes.

Whilst fMRI can assess the health and function of these brain

regions and has been used to track recovery of neurological

dysfunction after acquired brain injury (e.g., Munoz‐Cespedes

et al., 2005) it is a costly, immobile, time‐consuming, and highly

technical activity. Therefore, a device that is cheap, portable, and

quick to administer would be useful in assessing brain function in

AD patients and in recovery planning. The present study aims to

use the Brain Gauge (BG) to test somatosensory reaction time,

which can be mapped on to cortical functions, and used to infer the

functional status of various cortical pathways. These ‘cortical

metrics’ are thus the perceptual correlates of interactions between

groups of neurons (Tommerdahl, 2017). The BG tracks cortical

health by recording responses to the stimulation of two adjacent

fingertips, and using these to infer the integrity of cortical pro-

cesses. This is based on the premise that the somatosensory system

is organised so that adjacent skin regions (e.g., fingertips) project to

adjacent cortical areas (Saladin, 2012). These adjacent areas react

to vibrotactile stimuli in predictable patterns that affect perception

of the stimuli; thus responses can be used to infer and quantify the

functioning of the relevant mechanisms (Favorov et al. 2017a). If

these mechanisms are disrupted, they affect higher‐level cognitive

processes1.

An example of one mechanism that is measured by the BG

metrics is lateral inhibition (activated neurons suppressing neurons

in neighbouring areas; Cohen, 2011), a factor that modulates

response inhibition and EF (Friedrich et al., 2017). The integrity of

lateral inhibition is a key factor in learning, memory and plasticity,

thus measuring it can help us infer the functional status of the

cortex; however, neurophysiological paradigms for measuring

lateral inhibition are rather invasive, making them unsuitable for

most studies (Mountcastle, 1957; Tommerdahl et al., 1993). The BG

measures lateral inhibition by requiring that participants discrimi-

nate the amplitudes of two stimuli (which is strongest) when they

are delivered first sequentially, and then simultaneously to adjacent

fingertips. If lateral inhibition is functioning robustly, performance

on the simultaneous and sequential tasks does not differ signifi-

cantly. However, if something has compromised the process, a

significant difference between the sequential and simultaneous task

would be observed (see Zhang et al., 2008 for analysis of method).

For example in concussed individuals, the difference between

sequential and simultaneous amplitude discrimination was double

that of healthy controls (Favorov et al. 2017a), indicating that

lateral inhibition, or contrast enhancement of the activation of

adjacent groups of neurons in the cortex, is significantly impaired

(Tommerdahl et al., 2019). Consequently, the BG does not require

a baseline for each participant to measure this metric, as

the sequential task acts as a baseline for the simultaneous task

(Tommerdahl et al., 2019). Other tasks to assess the BG metrics

were designed in a similar manner; for brevity, the other metrics

are not described in detail here, though further information on

their calculation is displayed in Table 2, and in the following arti-

cles. Other metrics that are derived from the test battery include

temporal order judgement (Tommerdahl et al., 2007), feedforward

inhibition (Favorov et al. 2017b, pp. 383–397; Zhang et al., 2011),

adaptation (Puts et al. 2013, 2014), and duration discrimination

1

Further information about brain gauge metrics and their relation to executive function,

alcohol dependence, and brain areas is displayed in Table 1.
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(Francisco et al., 2015. Interestingly for the current study, the ef-

fect of conditioning stimuli (delivered prior to the standard stimuli)

on discriminative capacity is the ‘adaptation metric’, which remains

constant in healthy participants (Zhang et al., 2011). However, a

study of heavy drinkers (college students drinking over 60 drinks

per month) showed a reduction in this metric, likely due to

decreased cognitive function (Nguyen et al., 2013). Furthermore, in

subjects with mild brain injury, cortical metrics have been used to

track recovery (Favorov et al., 2017a).

This study piloted the use of the BG in a population under-

going residential detoxification treatment for AD. The aim of the

study was to assess the utility of the BG in assessing recovery of

cognitive function in alcohol dependent inpatients. We predicted

that cognitive function (as measured by BG) would improve

significantly from time 1 (T1—around 4 days after admission

(range 2–13 days) to time 2 (T2—around 10 days after admission

(range 4–15 days)). It was also predicted that subjective cognitive

function (as measured by Behaviour Rating Inventory of

Executive Function—Adult [BRIEF‐A]) would improve significantly

from T1 to T2.

2 | METHOD

2.1 | Design

A repeated measures design was used to assess changes in cognitive

function. The independent variable was time, with two levels ‐ start

of residential detox—T1 (day 42), and discharge—T2 (∼day 4–10). The

dependent variables were the scores on the BG tasks and the sub-

jective measures of EF.

2.2 | Participants

Twenty‐eight participants (21 males; Mean age 45.14 ± 6.52),

referred for residential alcohol detoxification at an NHS inpatient

unit in a city in North West England took part. Participants were

referred from the community alcohol service, and received 6 sessions

of Brief Intervention and Advice prior to referral and admission.

Participants were eligible for the study if they were aged 20–55

years and had a current AD diagnosis. They were not eligible if they

had a current diagnosis of a substance use disorder other than

alcohol, a neurological impairment or a condition affecting the

feeling/sensation in their arms; this was confirmed by self‐report and

clinical diagnosis. Seven datasets were removed due to; self‐
discharge between testing points (three males; one female), unre-

lated cerebral damage (male), and distractions during testing (one

male; one female) leaving 21 full datasets for analysis (see Table 1 for

demographic information). Of the remaining 21 participants, 16 were

male and the sample had a mean age of 43.85 ± 6.21.

2.3 | Measures

2.3.1 | Executive function

Subjective EF was measured using the BRIEF‐A, a 75‐item ques-

tionnaire that measures nine aspects of EF (see Roth et al., 2005 for

full description).

2.3.2 | Mood state

Mood state was measured using the Hospital Anxiety and Depression

Scale (HADS; see Zigmond & Snaith, 1983), a 14‐item scale assessing

anxiety (e.g., ‘I feel tense or wound up’) and depression (e.g., ‘I feel

cheerful’) respectively.

TAB L E 1 Mood, alcohol use and background variables

N %

Male 16 76.20

Medication status time 1

Benzodiazepines 16 76.20

Other 5 25.00

Medication status time 2

Benzodiazepines 3 14.30

Other 18 85.70

M SD

AUDIT 35.10 4.76

SADQ 42.24 14.87

HADS anxiety time 1 18.67 5.18

HADS anxiety time 2 16.38 5.29

HADS depression time 1 15.14 4.80

HADS depression time 2 12.48 4.38

Anxiety change 2.61 3.88

Depression change 2.57 3.59

TLFB‐A

6 Day Unit Total 224.36 98.66

Length of stay (days)

Time 1 5.24 2.32

Time 2 9.00 2.21

Abbreviations: AUDIT, alcohol use disorders identification test; HADS,

hospital anxiety and depression scale; SADQ, severity of alcohol

dependence questionnaire; SD, mean; TLFB‐A, Timeline Followback of

Alcohol Use.

2

Some participants were given benzodiazepines (chlordiazepoxide or oxazepam) to alleviate

withdrawal symptoms on day 0 and 1, so for these participants, testing began on day 4.
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2.3.3 | Alcohol use status

Alcohol use was assessed using a number of validated questionnaires:

The Alcohol Use Disorders Identification Test (AUDIT) assessing

harmful/hazardous drinking (see Saunders, Aasland, Babor, De la

Fuente, & Grant, 1993), The Severity of Alcohol Dependence Ques-

tionnaire (SADQ‐C; Stockwell et al., 1994) and the Timeline Follow-

back of Alcohol Use (TLFB‐A; Sobell & Sobell, 1992) assessing recent

drinking behaviour.

2.3.4 | Cognitive function

Brain Gauge Pro (version 3) was used to assess cognitive function. BG

runs on a personal computer and is the same size and shape as a

computer mouse, so is easily portable. The current study used a

customised test battery comprised of tests that target PFC function.

Two cylinders (5 mm diameter) on the BG deliver vibrotactile stim-

ulation (in the flutter range; 25–50 Hz) to the index and middle finger

of the non‐dominant hand. The BG software running on the laptop

provides participants with instructions on each task, and consists of a

series of practice trials and five sequential trials. Participants have to

respond correctly, by clicking the computer mouse with their domi-

nant hand, to three consecutive practice trials to proceed, and all

participants in the present study were able to proceed to the main

task after the practise trials. Specific tasks are detailed below:

Reaction Time (1 & 2—normative range 150–200 ms). Participants

are required to click on a ‘bullseye’ target as soon as they feel a tap

on their fingers, using a computer mouse.

Sequential Amplitude Discrimination (normative range 20–70

microns). Vibrations are delivered to each fingertip sequentially, and

participants have to decide which vibration was more intense (left or

right finger) by clicking on the computer screen with the mouse.

Simultaneous Amplitude Discrimination (normative range 20–70

microns). Vibrations are delivered to each fingertip simultaneously,

and participants have to decide which vibration was more intense (left

or right finger) by clicking on the computer screen with the mouse.

Temporal Order Judgement (normative range 15–35 ms). Partici-

pants must determine which of two vibrations (left or right) delivered

to the fingertips came first.

Duration Discrimination (normative range 30–80 ms). Participants

must determine which of two vibrations (left or right) lasted longer.

Reaction Time Variability (normative range 0–20 or 10% of Re-

action Time). This is the composite score created from variability on

reaction time one and two.

See Table 2 for a description of the metrics derived from these

tasks and how they are calculated.

2.3.5 | Procedure

Potential participants were informed of the study by staff at

the treatment centre. If patients indicated an interest, a meeting with

the researcher was arranged. Posters were also placed around the

facility with contact details of the researcher. All testing occurred in a

small IT room in the treatment centre. In the first testing session (T1;

a mean of 5.39 ± 2.60 days after treatment entry), participants gave

informed consent and completed all assessments. The BG test bat-

tery was completed on an ASUS X555L laptop with a 15.6″ screen,

using a standard computer mouse to respond. Participants completed

the HADS, BRIEF‐A, and BG tasks again at T2 (mean of 9.22 ± 2.35

days after treatment entry). The variation in follow up days was due

to availability of participants, with some participants progressing

through detoxification more slowly/rapidly than expected, which

shortened/lengthened the duration of their stay. Participants were

given a £10 online shopping voucher as compensation.

2.3.6 | Ethical considerations

Written informed consent was obtained from all participants. The

study received approval from Liverpool John Moores University

Research Ethics Committee, and the local NHS Health Research

Authority Research Ethics Committee.

2.3.7 | Statistical analyses

Data were entered in to IBM SPSS (version 25). Repeated measures

ANOVA was used to investigate changes in anxiety and depression

from time 1 to time 2. A series of repeated measures ANCOVAs with

time point (two levels: time 1, time 2) as the repeated measures

factor, were used to analyse changes in the BG and BRIEF‐A scores

over time. In all analyses, depression and anxiety change scores (time

1–time 2) were included as covariates.

3 | RESULTS

Demographic information and mean scores for anxiety and depres-

sion are displayed in Table 1. Inspection of the means shows that

there were significant reductions in anxiety and depression from time

1 to time 2. Repeated measures ANOVAs revealed that this

improvement was significant for anxiety F(1,20) = 8.56, p = 0.008,

ηp2 = 0.30, and also for depression F(1,20) = 11.12, p = 0.003,

ηp2 = 0.36.

Mean scores for the BG metrics are presented in Table 3. To

investigate which metrics showed improvements over time, a series

of repeated measures ANCOVAs were performed on each individual

metric. There were 4 metrics which showed significant improvement

over time ‐ for brevity, only significant effects are reported below

(see Table 3 for full analysis). For the focus metric, there was a sig-

nificant effect of time indicating an improvement in focus from time

1‐time 2 F (1,18) = 20.66, p = 0.001, ηp2 = 0.53, with a large effect

size. Inspection of Table 3 shows that mean focus score increased

from 47.90 at time 1 to 81.33 at time 2. For the speed metric, there

4 of 9 - POWELL ET AL.



was a significant effect of time, indicating that speed improved from

time 1 (T1 35.00) to time 2 (T2 58.19) F (1,18) = 24.40, p = 0.001,

ηp2 = 0.58. Temporal order judgement also showed improvement

from time 1 (41.81) to time 2 (50.81) F (1,18) = 4.50, p = 0.05,

ηp2 = 0.20. Finally, for the overall cortical metric score, there was a

significant main effect of time indicating an improvement in perfor-

mance from time 1 to time 2 (T1 60.00; T2 66.90) F (1,18) = 14.61,

p = 0.001, ηp2 = 0.45.

Mean scores for the BRIEF‐A subscales are presented in Table 4.

To investigate which BRIEF‐A subscales showed improvements

over time, a series of repeated measures ANCOVAs were performed

on each individual subscale. None of the BRIEF‐A subscales showed

significant improvements over time after controlling for anxiety and

depression change scores (see Table 4 for full analysis). However,

inspection of Table 4 shows that the time � depression change

interaction was significant for the task switching, emotional control,

planning and task monitoring subscales, while the time � anxiety

change interaction was significant for the inhibitory control, task

switching, emotional control, self‐monitoring, initiating, planning and

organisation subscales of the BRIEF‐A.

4 | DISCUSSION

The current study examined changes in cognitive function during

early stages of alcohol treatment using a novel technology, the BG.

We hypothesised that; (1) cognitive function (as measured by the BG)

would improve significantly from T1 to T2, and (2) cognitive function

TAB L E 2 Description of brain gauge metrics (adapted from King et al., 2018)

Brain gauge metric Description of metric and its relation to cognitive function and alcohol dependence

Speed Computed from Reaction Time and Reaction Time Variability, simple measures of information

processing speed the time required to process new information and retrieve stored

information from memory (Iwasa et al., 2014). Speed is dependent on the integrity of

white matter tracts in the brain (as white matter manages the speed of neuronal

transmission; Conklin, et al., 2013) Turken et al., 2008).

Accuracy Comprises the averaged Amplitude Discrimination scores (sequential and simultaneous). This

metric reflects one's ability to accurately determine which of two stimuli is larger in size

(amplitude). Lower scores reflect better performance, and in ‘normative’ function, both

Amplitude Discrimination values should be similar. This measure is reliant on functional

integrity of the parietal lobe, which is involved in executive function (EF; King

et al., 2018). This metric also gives insight into lateral inhibition, which modulates

response inhibition (Friedrich et al., 2017).

Temporal order judgement Uses Temporal Order Judgement values. This measure is the smallest time difference (in ms)

between two stimuli such that one can still identify which finger received the first

stimulus, and measures the integrity of the fronto‐striatal pathway (Meck &

Benson, 2002). It is also a measure of temporal information processing (TIP), which is

embedded in aspects of EF, such as in planning, evaluating previous actions/outcomes,

and decision‐making (Nowak et al., 2016).

Time perception This is associated with Duration Discrimination task and the cortical‐cerebellar pathway. The

measure (in ms) is the smallest duration difference between two stimuli that one can

perceive. Damage to the cerebellar lobe or the pathway to it results in impairments in

time perception. Duration discrimination also reflects the role of the PFC in memory

storage and recovery (Coull et al., 2011).

Focus Focus measures the ability to attend to a task. Attention is crucial for maintaining goal‐
directed behaviour, and heavy alcohol use has been linked to significant impairments in

attention. Attentional focus is also associated with the parietal cortex (Zeng

et al., 2017).

Plasticity Neuroplasticity is the ability of the brain to recover and restructure itself: Chronic alcohol

use desensitises GABA receptors, which may be linked to central nervous system

hyper‐excitation (Kumar et al., 2009). Hyper‐excitation negatively impacts plasticity

(King et al., 2018) resulting in morphological changes in the brain (e.g., a decrease in

dendritic connections, neutrophic factors and brain size), all of which promote poor

cognitive functioning.

Fatigue Computed from the first and last reaction time tests (Reaction Time Variability). If

performance declines between the first and second reaction time tests, the fatigue

score will be low indicating impaired performance. Mental fatigue results in more

demanding cognitive tasks, including EF, being compromised (van der Linden

et al., 2003).

Cortical metric A universal representation of brain health. This metric takes the information from every

available test and computes an ‘at a glance’ view of total brain health.
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(as measured by BRIEF‐A) would improve significantly from T1 to T2.

Hypothesis 1 was mostly supported as four BG metrics showed sig-

nificant improvement over time. However, Hypothesis 2 was not

supported as there were no significant improvements in subjective

cognitive function after controlling for changes in anxiety and

depression.

Concerning the BG metrics—focus, speed, temporal order

judgement and overall cortical metric showed a significant improve-

ment over time. This suggests that within this cohort, brain areas

related to attentional focus, information processing speed, time

perception and overall cortical health improved over a relatively

short time‐period (average time between tests was 4.17 days), while

the areas related to other metrics did not. This was unexpected, as it

was hypothesised that all metrics would improve due to research

showing that cognitive function improves after abstinence (Stavro

et al., 2013). One possible reason for this discrepancy is the differ-

ential recovery rates of relevant brain areas following cessation.

Interestingly, the four metrics that displayed significant improvement

do not solely rely on the PFC. Speed and focus are also dependent on

the parietal cortex (Turken et al., 2008; Zeng et al., 2017), temporal

order judgements activate the temporal‐parietal junction (Davis

et al., 2009) whereas overall cortical health reflects the integrity of

the whole cortex (King et al., 2018). This is important as van Eijk et al.

(2013) found partial recovery of grey matter volume in various areas

including the parietal lobule, prencuneus and cerebellum within the

first two weeks of abstinence, but not in the precentral or frontal

gyrus. In addition, Petit et al. (2017) suggest that compared to other

brain regions, the PFC experiences more AD‐related damage, and

therefore recovers more slowly, with likely subtle differences in the

specific networks associated with each cognitive function. The PFC

experiences considerable damage as a result of AD, with research

reporting atrophy (Harris et al., 2008; Oscar‐Berman et al., 2009) and

disruptions in function (Desmond et al., 2003; Tapert et al., 2001),

correlated with low cognitive performance (Chanraud et al., 2007).

Thus, it is possible that at such an early stage of detox, the PFC

networks have not recovered to an extent that improvements in

performance are detectable. It is also worthy of note that normative

scores for all of the BG metrics should fall in the range 80–100. While

TAB L E 4 Descriptive statistics and repeated measures ANCOVA indices comparing Behaviour Rating Inventory of Executive Function—

Adult Subscales over time

Time 1 Time 2 Time df(1,18) Time £ depression df (1,18) Time £ anxiety df (1,18)

M SD M SD F p F p F p

Inhibition 16.95 4.01 14.71 4.54 0.27 0.61 1.45 0.24 16.05 0.001

Task‐shifting 12.24 3.10 11.19 3.44 0.87 0.36 9.79 0.006 6.20 0.02

Emotional control 23.33 5.43 19.57 6.19 0.06 0.81 5.22 0.04 8.29 0.01

Self‐monitoring 12.62 2.29 11.24 3.06 0.00 0.95 0.75 0.40 9.00 0.33

Initiating 16.10 3.39 14.14 4.63 0.11 0.75 1.19 0.29 11.14 0.004

Planning 18.52 4.45 16.90 4.77 2.96 0.10 11.67 0.003 11.70 0.003

Task‐monitoring 11.33 2.37 9.76 3.00 0.82 0.38 3.96 0.06 0.29 0.60

Organisation of materials 13.29 4.03 11.95 4.35 0.01 0.92 0.18 0.68 6.72 0.02

Working memory 14.67 4.93 13.67 5.06 0.12 0.74 2.18 0.16 0.13 0.72

TAB L E 3 Descriptive Statistics and repeated measure ANCOVA indices comparing Brain Gauge scores over time

Time 1 Time 2 Time df (1,18) Time £ depression df (1,18) Time £ anxiety df (1,18)

M SD M SD F p F p F p

Focus 47.90 30.40 81.33 23.65 20.66 0.001 0.03 0.87 0.60 0.59

Speed 35.00 21.11 58.19 19.04 24.40 0.001 0.00 0.99 0.30 0.59

Plasticity 73.62 16.52 69.10 18.19 3.36 0.08 0.06 0.81 0.15 0.71

Accuracy 73.52 23.60 68.90 26.80 2.88 0.11 1.02 0.33 0.001 0.98

Time perception 80.00 22.86 79.67 23.74 0.30 0.59 0.10 0.76 1.67 0.21

Fatigue 86.43 30.00 76.24 30.98 2.12 0.16 0.29 0.60 0.23 0.64

Temporal order judgement 41.81 41.88 50.81 42.91 4.50 0.05 1.60 0.22 0.48 0.50

Cortical metric 60.00 16.38 66.90 16.11 14.61 0.001 0.31 0.58 1.67 0.21
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most of the metrics showed improvement from T1 to T2, only the

focus metric was in the normative range at T2 indicating that while

brain function has improved, a longer period of abstinence is required

for function to approach normative performance.

The second hypothesis was not supported. While the means

were in the direction of showing improvement from T1 to T2 for

most subscales, after including anxiety change and depression change

scores as covariates, none of these differences were statistically

significant3. It is noteworthy that for task monitoring, emotional

control and planning there was a significant interaction between time

and depression change while there was a significant interaction be-

tween time and anxiety change for inhibitory control, task moni-

toring, emotional control, self‐monitoring, initiation, planning and

organisation of materials. In older adults, depression has been

consistently linked to subjective memory complaints (Carrasco

et al., 2017). Moreover, Marino et al. (2009) found that subjective

memory complaints were related to mood state (as measured by the

Profile of Mood States (POMS) questionnaire) while objective -

measures were not. Further research has found little relationship

between subjective and objective assessments of cognitive function,

with the former being more related to sub‐clinical levels of anxiety

and depression (Balash et al., 2013). Take together this suggests that

improvements in subjective cognitive function could be mediated by

decreases in state anxiety and depression between T1 and T2.

Thus the BRIEF‐A results seem to be inconsistent with the BG

results. In addition to the mediating effects of state anxiety and

depression discussed above, one possibility is that these opposing

results are due to other factors, specifically metacognitive deficits in

the recovering AD patients. Indeed, AD may impair metacognition

along with other cognitive functions (Le Berre et al., 2017). The

BRIEF‐A is self‐report, relying on participants to evaluate their own

EF, which makes the measure vulnerable to metacognitive impair-

ments. For this cohort it may therefore be more appropriate for

future studies to also use additional objective measures of EF for

comparison with BG (such as validated neurocognitive performance‐
based tasks), though the impact of fatigue on BG measures after such

tasks would need to be considered.

There were a number of limitations in the study. Firstly, it was

not possible in the timescale to study the continuing improvements in

cognitive function, or to assess whether initial cognitive function

predicted relapse or recovery outcomes. Follow‐up of participants

after discharge was problematic, and future research should seek to

provide additional assessments at 3 and 6 months following detoxi-

fication. The timescale of the project also limited the number of

participants that could be recruited, which could limit the statistical

power of the study, meaning the results should be interpreted with

caution. Furthermore, we cannot eliminate the possibility that the

sub‐acute (pharmacological) effects of alcohol, not neurotoxic

damage, may have influenced the results. Participants should be

abstinent for a minimum of two weeks prior to one of the testing

periods to make this distinction (Fernández‐Serrano et al., 2011),

which was not possible in the current study. However, while it is

clearly important to study longer‐term changes, there has been

comparatively less research on the recovery of cognitive function

during the early stages of abstinence (Petit et al., 2017). The current

study contributes to this lesser studied area. Another potential

confound is the effects of residual benzodiazepine medication. On

treatment entry (around 5 days prior to T1), many participants

received benzodiazepines, prescribed to alleviate withdrawal symp-

toms. Short and long‐term use of these drugs impairs cognitive

function (Boeuf‐Cazou, Bongue, Ansiau, Marquie & Lapeyre‐Mes-

tre, 2011; Snyder et al., 2005), and may have influenced either of the

cognitive function measures. While this is unavoidable when testing

participants during detox, it emphasises the necessity for a longer

study with multiple follow‐up points.

In conclusion, the current study assessed cognitive function

during alcohol detox, and piloted the use of cortical metrics via the

BG as markers of cognitive function in this cohort. It is possible that

the differential BG metric results are due to slower recovery of the

PFC compared to other brain areas, and that the BRIEF‐A does not

reflect this due to its relation to mood state and vulnerability to the

effects of impaired metacognition. Future research should seek to

implement multiple follow‐ups over a longer time‐period to study the

predictive nature that metrics may have on relapse, and use validated

measures of neurocognitive function to compare with the BG. Future

research should also assess BG performance in comparison to well‐
validated measures of brain function such as functional Near Infrared

Spectroscopy (fNIRS), fMRI and PET.
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