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Objective: Studies have reported inconsistent results regarding the extent to which neurocognitive recovery occurs in abstinent
patients with alcohol use disorder (AUD). In addition to abstinence, other factors may have influenced this process and contributed to
the inconsistencies. This review examines the factors investigated in this regard and describes the possible influence of each factor
based on the evidence collected.

Methodology: PubMed was systematically searched for articles published between January 2000 and July 2023. Longitudinal
humane studies investigating neurocognitive recovery in abstinent adult AUD patients were included. Studies with a cross-sectional
design were excluded, as were studies that did not classify AUD according to the DSM-IV or 5 criteria, only examined binge use, did
not report neuropsychological outcomes or duration of abstinence, or where neurological disorders were present.

Results: Sixteen categories of factors were distinguished from 31 full-text articles. Consistent patterns were found, indicating an
association between neurocognitive recovery and the “smoking” and ‘brain volume” factors. Consistent patterns were also found
indicating that there is no relationship with “quantities of alcohol used” and “education level.” A similar consistent pattern was also
found for “polysubstance use”, “gender” and “verbal reading”, but the number of studies is considered limited. The association with
“age” is studied frequently but with inconsistent findings. The remaining eight factors were regarded as understudied.

Conclusion: The clearest patterns emerging from the evidence are a predominantly negative influence of smoking on neurocognitive
recovery, associations between changes in brain area volume and neurocognitive recovery, and no association between neurocognitive
recovery and the amount of alcohol consumed, as measured by self-report, nor with educational attainment. Future research on the
understudied factors and factors with inconsistent evidence is needed, preferably through longitudinal designs with multiple assess-
ment periods starting after at least two weeks of abstinence.
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Introduction

Impaired neurocognitive function is common in treatment seeking patients with an alcohol use disorder (AUD)." Alcohol
intoxication is associated with loss of control and an increased probability of potentially harmful behaviors, complicating
the maintenance of sobriety.>* Moreover, chronic and excessive alcohol consumption may result in long-lasting cognitive
impairments.*”” Since commonly used therapies such as cognitive behavioral therapy or motivational interviewing
require intact cognitive function,® cognitive impairments impede treatment success’ and are related to higher drop-out
rates.'® Abstinence from alcohol can lead to (partial) recovery of neurocognitive function. However, studies have
reported inconsistent results regarding the extent of neurocognitive recovery.*''™'* This could be explained by two

major problems.
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First, most studies on neurocognitive recovery in abstinent AUD patients used a cross-sectional design.* While these
studies allow insight into neurocognitive recovery,'” they only provide a snapshot of functions over time'¢ and, as
a result, are unable to reliably detect within-subject changes over a period of abstinence.'” Therefore, longitudinal studies
are needed to improve our understanding of neurocognitive recovery.*'®!'” However, it is challenging to follow patients
over time and collect the data needed to test these hypotheses because participants with AUD often show lower

1015 and limited abstinence rates.?% 22

adherence

A second problem that may underlie these inconsistent findings is the lack of knowledge about factors other than
abstinence that influence the course of neurocognitive recovery.'®'® Frequently mentioned are the number of previous
medical detoxifications and biological factors such as liver complications and thiamine deficiencies, polydrug use, age,
smoking, family history of alcohol dependence, and individual historical aspects of alcohol use (eg, total amount of
alcohol consumed over a lifetime, recent alcohol consumption, and duration of AUD).Q’13’19’23 While these factors are

often discussed as potentially contributing to the variability seen in neurocognitive recovery,'***

they have received
insufficient attention in observational research.'” In addition, studies do not always provide suitable data or use validated
methods to measure these factors. This was illustrated by two meta-analyses on the recovery of neurocognitive function
in abstinent AUD patients. Insufficient detail of moderating factors® or unreliable data'® limits the analysis of such
variables leading to inconsistent findings where the latter author concluded that cognitive dysfunction abates after
one year of sobriety, while the results from Crowe et al* suggested pervasive cognitive impairments on several
timeframes of abstinence duration, even after one year.

In summary, longitudinal research is necessary to increase our understanding of the recovery of neurocognitive
function in abstinent AUD patients. Insight into the factors that influence this process can aid in realizing an effective
longitudinal study design and in lowering the threshold for conducting this challenging longitudinal research.

In the present review, we aimed to answer the following questions: (a) Which factors are investigated in research on
the recovery of neurocognitive function in abstinent AUD patients and (b) what is the influence of these factors on the
recovery of neurocognitive function during abstinence from alcohol? In addition, the clinical value and applicability of
the current knowledge of these factors will be discussed and considered in terms of their putative relevance for future
research on the recovery of neurocognitive function in patients with abstinent AUD.

Method

This scoping review aims to answer the aforementioned questions using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines.?® Our primary outcome measure
was the change in neurocognitive function, as measured with neuropsychological instruments.

Search Strategy

In order to identify articles, a literature search in PubMed was performed using the following search terms: ((Alcohol
AND (recov* OR abstin*) AND (execut* OR memor* OR visu* OR attent* OR social OR longit* OR cogn* OR
neuropsy®* OR MRI OR DTI OR VBM OR MRS OR CT OR PET OR SPECT OR EEG OR ERP OR spectroscopy OR
neuroimaging OR neurophysiology))) AND (cogn*[Title/Abstract] OR neuropsy*[Title/Abstract] OR memory[Title/
Abstract] OR attention[Title/Abstract] OR execut*[Title/Abstract] OR visu*[Title/Abstract]), filters: Humans.

Article Selection

During the initial screening, articles were selected by two reviewers (JS and TK) based on their titles or abstracts. Only
English-language manuscripts published in peer-reviewed journals were considered for inclusion, with the aim of including
well-established methodologically sound studies. Humane, longitudinal studies investigating neuropsychological or neuro-
cognitive function in adult abstinent patients (>18 years) with alcohol dependency according to DSM-IV (TR) or alcohol use
disorder according to DSM-5 (Diagnostic and Statistical Manual of Mental Disorders) criteria were included. The included
reviews were systematically screened for relevant references to additional papers. Studies on abuse (DSM-IV), binge or
heavy episodic drinking only, were excluded, as were cross-sectional studies, as this review aimed to clarify the factors
associated with cognitive recovery over time in abstinent AUD patients. Finally, studies were excluded if a classification of
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alcohol use disorder for participants included in the study was missing, if there were no neuropsychological instruments used,
when the duration of abstinence was not described, or when patients were diagnosed with an alcohol-related neurological
disease (eg, Korsakoff, Marchiafava-Bignami, Alcohol Dementia, epilepsy, dementia).

The search encompassed articles published between January 2000 and July 2023, following the suggestion by
Fernandez-Serrano et al*® to include studies that were published after the surge of contemporary neuroscientific models
of addiction and similar to other reviews on the effects of alcohol on neuropsychological function in AUD
patients.'>*’

The full article was retrieved and discussed by the two reviewers when there was uncertainty regarding the inclusion
of a study. A consensus was reached for all discussed articles. The remaining articles were full-text articles and read to be

used for data extraction.

Data Extraction

For each study, all relevant data from the results and discussion sections were selected using a coding form (available via the
corresponding author) with fields containing information about the author, year of publication, study design, number of
participants/controls, neuropsychological measure(s), and (non-)significant predictors of neuropsychological outcomes.

In order to quantify the design quality, validity, and utility for patient care, the level of evidence (1 (very strong) to 5
(weak)) of each included article was rated by two independent reviewers (JS and TK) using the Oxford Classification for
Evidence-Based Medicine (OCEBM Levels of Evidence Working Group) (Howick et al, 2011). Evidence strength was
rated per study following the recommendations of the OCEBM. The studies included for the purpose of this review were
considered as prognostic.

The effects on neuropsychological outcome measures were placed under the most appropriate neuropsychological
domain after a consensus meeting with both the reviewers. The classification of neuropsychological domains was largely

adopted from the study by Fernandez-Serrano et al*®

Regarding this classification, it is important to point out the overlap
between various neuropsychological domains and the fact that neurocognitive tasks used are not specific indicators of
one neuropsychological function.

All predictors from the full-text articles included for this review were sorted into categories using a coding form.
During the collection process, reviewers (JS and TK) identified 16 categories. The extracted variables were placed by the
reviewer under the most appropriate category at their own discretion. In case of doubt, the other reviewer was consulted,
and consensus was reached. The categories were regrouped into five domains, again with the agreement of both the
reviewers. The following five domains were distinguished: drinking-related factors, demographic factors, psychiatric
factors, premorbid neurocognitive function, and medical factors.

The effects and associations found for a specific factor and their direction, are narratively synthesized and discussed.

Findings are considered significant at alpha level <.05.

Results

During the screening, 2179 articles, including 15 reviews, were retrieved based on the search criteria (Figure 1).
A total of 58 articles remained for inclusion and inspected by two reviewers. Within this stage, the primary aim
was to include studies that explicitly considered the association between abstinence duration, recovery of
neurocognitive function, and other relevant factors. During this final process, we excluded several studies (no
longitudinal analyses (10), no alcohol disorder according to DSM-IV or DSM-5 criteria (4), narrative review (3),
study protocol (2), only a cognitive screening instrument used (5), no abstinence duration reported (2), and age
<18 years (1)), resulting in 31 articles for which data could be extracted and used for the purpose of this review.

Summary of Factors

Regarding the 31 studies included for analysis, most (25/31) started cognitive assessments within two weeks after
admission, using neuropsychological tasks covering domains of executive function (21/31), memory and learning (22/
31), attention (9/31), processing speed (13/31), spatial processing (8/31), intelligence (11/31), and social cognition (2/31).
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Figure | Prisma flow diagram detailing the screening process.
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Abstinence from alcohol was verified by means of biomarkers (and in some studies also self-report) (13/31 studies), by
means of self-report only (5/31 studies), or abstinence control measures were not mentioned (13/31 studies).

Table 1 summarizes the results per factor based on the number of studies that found an association or effect with
neurocognitive recovery and the number that did not. Found associations and effects for each factor pointed in one
direction. Per study, the rated OCEBM level is marked in superscript. Studies in this review have been rated from 2 to 4.

Drinking Related Factors

Smoking

Eight studies examined the association between tobacco smoking and neurocognitive recovery in abstinent AUD patients.
Six studies found significant effects of chronic smoking on neurocognitive recovery, with abstinence duration from

Table I Neurocognitive Recovery in Abstinent AUD Patients: Factors and Evidence

Domain Factors
Drinking related Smoking A [ 9 | 11° | 20° | 21° | 26° | 28°
NA | 22° | 30°
Quantities used A 29° | |15¢
NA | 9° | 21° | 30° | 6® | 2* | 10°|3°|20°| 13| 28 | 3I°
Polysubstance A 26¢
NA | 45 | 21° | 13¢
Detoxifications A 17°

NA | 6 | 312

Positive family history | A 22 |4 |5

NA | 8 | 312

Demographic Age A |22 | I5° |21 20°

NA | 45 | 9 | 22°| 317 |8 | 30°

Gender A -

NA | 2° 7° | 317

Education A 4°

NA | 22 | 15¢ | 9° | 21° | 28°

Psychiatric Depression A 22 | 20°

NA | 3% | 21° | 28 | 8 |32

ASPD* A |2 |4
NA | -
Premorbid cognitive functioning | Verbal reading A 20°

NA | 9° | 21° | 22° | 3°

Neurocognitive task | A 2°

(Continued)
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Table | (Continued).

Domain Factors
Medical Blood values A 7° 1< |20
NA | -
Medical conditions A 4*
NA | 21° | 28°
Brain volumes A | 12° ] 23° | 11° | 22° | 10°
NA | 10°
Perfusion A -
NA | 14°

Notes: Numbers refers to the study that did, or did not, found an association or effect (<.05) of the specific factor on neurocognitive recovery: 1%, 2%, 3'° 4% 5% ¢%7,
7Y,8%, 9% 10%, 1132, 12°2, 13, 1473, 15", 167, 17*, 18, (no factors), 19%, 207, 213", 22%, 23°', 24%, (no factors), 25'%, 26%, 27%7, 282, 292, 30%¢, 31*". Indication
of level of evidence according to Oxford Classification for Evidence Based Medicine (OCEBM), varying from | (very strong) to 5 (very weak): *Level 2, ®Level 3, “Level 4.
*Antisocial Personality Disorder.

Abbreviations: A, associated; NA, not associated.

alcohol varying from five weeks?® to 9 months.?**® Smoking adversely affects neurocognitive recovery during short- and
18,30,32,33 30,32

long-term abstinence, in terms of processing speed, 283! learning and memory, spatial processing, executive
function'®** and fine motor skills.*?
Additionally, greater current smoking severity was related to less neurocognitive improvement*=° and former

smoking status (never smoking or former smoker) modulated neurocognition, with never-smoking AUD patients
showing the greatest recovery.'***?° Active smokers showed less recovery than former- or never-smoking AUD patients.
Former smoking AUD patients showed less neurocognitive recovery than never smoking AUD patients.'®?° In addition,
Yeh et al*? found lower performance on domains of learning and memory in smoking AUD patients compared to never
smoking AUD patients after 7 months of abstinence. Moreover, the results indicated that smoking status interacted with
both abstinence duration and age, with older age leading to poorer neurocognitive performance.

Two studies did not find an association between chronic smoking and recovery of neurocognitive function. In a study
on the effect of brain-derived neurotrophic factor (BDNF) genotype within subgroups of AUD patients classified by
smoking status, Hoefer et al*>> found changes in learning and memory to correlate with hippocampal volume depending
on BDNF genotype. They concluded that BDNF genotype, but not smoking status or measures of drinking severity,
regulates functionally relevant hippocampal volume recovery in abstinent AUD patients. In another study, smoking status
was not associated with neurocognitive recovery on domains of executive function, memory and speed.>®

In summary, the results show a mostly consistent pattern of a negative association between tobacco use and recovery
on several neurocognitive domains during varying periods of abstinence.

Quantities of Alcohol Used
Thirteen studies analyzed the association between quantified alcohol use and recovery of neurocognitive function.

Variables included among other things “number of average drinks per month at 1, 3 and 8 years of drinking”, “lifetime

years of drinking”, “lifetime drinks per month”, “months of heavy drinking”, “age of onset of heavy drinking”*°

“lifetime drinks’ and ‘1 year average drinks’,'®*’ “alcohol dose” or “duration of dependence”,”’ “lifetime alcohol use”.*®
Eleven studies did not find an association between variables quantifying alcohol use and recovery on domains of

dlS, 18,28-30,36—40

executive function, learning and memory, attention, processing spee and recovery of social cognitive

function.*! The abstinence duration periods ranged from 1 day> up to 48 months,'> with most studies using abstinence
periods within one year (8/11 studies).'®2%3436-384041 Other studies have investigated neurocognitive recovery during

abstinence periods up to 48 months.'>*7?
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Two studies found an association between quantified alcohol use (length of alcohol use and abuse, duration of
dependency and non-dependency, average intake per day, last intake) and recovery on domains of learning and memory,
intelligence, spatial processing, and executive function, using abstinence periods of three*? and six months.'’

In summary, the evidence shows a largely consistent pattern in which no association between quantities of previous
alcohol use and recovery on several neurocognitive domains during varying periods of abstinence could be found.

Polysubstance Use

Four studies examined the association between polysubstance use and recovery of neurocognitive function. One study
investigating neurocognitive recovery in patients with polysubstance use disorder (including AUD) showed significant
improvements on domains of general intelligence, executive function, working memory, and global cognition after four
months of abstinence. No significant improvements were observed on domains of visuospatial skills and processing
speed. No longitudinal comparison with AUD-only patients was made.*> Three studies did not find an association
between single or polysubstance use next to alcohol use and recovery on domains of executive function, learning and
memory, and processing speed, with abstinence duration periods ranging from one month to eight months.'®4%4

In summary, the number of studies is limited but shows a pattern in which no association could be found between

polysubstance use and recovery on several neurocognitive domains, during varying periods of abstinence.

Number of Previous Detoxifications

Three studies analyzed the association between the number of previous detoxifications and the recovery of neurocog-
nitive function. In a study of patients with AUD, a distinction was made between groups with few medical detoxifications
(<1) and many medical detoxifications (=2). The former group performed better on tasks of executive function, as well as
learning and memory after three to six months of abstinence. No differences were found in the first three months of
abstinence.** One study did not find the number of inpatient detoxifications to be a predictor in similar domains after 24
months of abstinence.>” Another study did not find a significant correlation between the number of previous detoxifica-
tions and recovery of social cognitive function after eight weeks of abstinence.*' In summary, evidence for an association
between previous detoxification and recovery of neurocognitive function is considered limited and inconsistent.

Positive Family History
Five studies examined the association between a positive family history (PFH) and recovery of neurocognitive function.
Three studies found a negative association between PFH status and recovery on domains of executive function after six

4345 or 15 months of abstinence.>’ Two studies did not find an association between PFH and

to seven weeks of abstinence
social cognitive function after two months of abstinence.*'*® In summary, the evidence is considered limited and
suggests a negative association between PFH and executive function and no association between PFH and social

cognitive function.

Demographic Factors

Age

Four out of ten studies found a negative association between increasing age and recovery of executive function, learning
and memory, and speed after 6 to 15 months of abstinence.'”'®**? Six studies did not find an association between age
and recovery of executive function, learning and memory, attention, speed, and social cognitive function after an
abstinence duration varying from three weeks to nine months of abstinence.**>3¢414346 I summary, a larger number
of studies have shown inconsistent results regarding the association between age and recovery of neurocognitive
function.

Gender

Three studies examined the association between gender and neurocognitive recovery and did not find any effects on
domains of executive function after 15 months of abstinence,’® nor on attention after one and a half months of
abstinence,”’” or social cognitive function after eight weeks of abstinence.*' Evidence is considered limited, but
consistently shows no association between gender and recovery of neurocognitive function.
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Education

Five of the six studies did not find an association between educational level and neurocognitive recovery. After
controlling for education level in their analyses, no association was found with the performance on domains of executive
function, learning and memory, attention, processing speed and visuospatial processing, between subgroups, after
abstinence duration periods of 1.5 months till 15 months.'”'®2%3%3 One study found that higher education predicted
a better recovery of verbal abilities after an abstinence period of 1.5 months.*® Taken together, the evidence largely
shows a consistent pattern showing that educational attainment is not associated with the recovery of neurocognitive
function.

Psychiatric Factors

Depression

Seven studies examined the association between depressive symptoms and recovery of neurocognitive function, of which
three studies did not find an association between depressive symptoms and recovery on domains of executive function,
learning and memory, or processing speed after abstinence periods varying from eight weeks to 48 months of
abstinence.'>'®?° Two studies did not find an association between depressive symptoms and social cognitive function
after two months of abstinence.*'**®

Two studies found a negative association between depressive symptoms and recovery of executive function at five
weeks of abstinence® and after 15 months of abstinence.* All studies examined depressive symptoms but did not
classify depression using the DSM criteria.

One study analyzed the association between AUD and Bipolar Disorder (BD) and found that patients with co-
occurring BD and AUD may suffer from more severe cognitive dysfunction and less favorable recovery of cognitive
deficits than patients without AUD over the course of remission from a mood episode.*®

In summary, evidence of an association between depressive symptoms and recovery of neurocognitive function is
considered insufficient. The results show an inconsistent pattern of an association between depressive symptoms and
recovery of executive function, limited evidence of an association with recovery on domains of learning and memory and
processing speed, and limited evidence showing no association between depressive symptoms and social cognitive
function.

Antisocial Personality Disorder

Two studies examined the association between antisocial personality disorder (ASPD) and neurocognitive recovery.>”*?
One study did not clearly state whether ASPD coincided with a lack of abstinence,** and in the other, ASPD was only
associated with executive function at baseline and not with changes in neurocognitive function.** The evidence found is

considered to be limited.

Premorbid Neurocognitive Function
Verbal Reading Task
Four out of five studies found no association between performance on a verbal reading task and the recovery of executive
function, learning and memory, processing speed, and spatial processing after six till 48 months of abstinence.'*'%3%3% In
addition, Rosenbloom et al'® argued that overall test results showed higher scores on most tests by patients completing
their trajectory compared to patients who dropped out of the study in a later phase, suggesting the possibility that
improvements in sobriety were due to higher initial function.

In one study, the results of a verbal reading task explained part of the found improvement in executive function,
processing speed, and spatial processing after an abstinence period of five weeks.”®

In summary, a mostly consistent pattern of limited studies shows no association between performance on a verbal
reading task and the recovery of neurocognitive function, after six to 48 months of abstinence. One study found an

association after five weeks of abstinence, indicating a possible relationship with short-term abstinence.

Neurocognitive Performance at Baseline
One study showed that executive function at baseline predicted executive function after an abstinence duration of 15 months.>
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Medical
Blood Values
Three studies examined the association between blood values and recovery of neurocognitive function. Two studies,

using assessments at admission and at one and a half month after admission, found improvement in domains of learning
and memory, and attention to be associated with NAA (N-acetylaspartate) values.*”*’

A third study found that baseline medical test results (only specified as “abnormal results from blood and urine tests
used to detect signs of liver, blood, kidney, and connective tissue disease”) directly predicted less recovery on measures
of executive function after 15 months of abstinence.*”

In summary, evidence of an association between blood values and recovery of neurocognitive function is considered limited.

Medical Conditions
Three studies examined the association between medical conditions and recovery of neurocognitive function, two of which
found no association between hypertension and hepatitis C (measured at baseline) in domains of executive function, learning

and memory, processing speed, attention, and visuospatial processing after abstinence periods of 4 and 8 months.'®*°

Bates et al*?

did find fewer medical conditions at baseline (not specified and measured with the Life Experiences and
Social Resources Inventory®”) to contribute to the recovery of verbal ability assessed after 1.5 months of abstinence.
In summary, the evidence for an association between medical conditions and recovery of neurocognitive function is

considered inconsistent, and the number of studies is limited.

Brain Volumes
Five of the six studies found an association between brain volumes and recovery of (visuospatial) memory, visuospatial learning,
and processing speed using abstinence periods varying from one week of abstinence’ to eight months of abstinence.’

In non-smoking AUD patients, increasing hippocampal volumes correlated with visuospatial memory improvements
after one month of abstinence.”® A moderate-to-strong correlation was found between hippocampal volume change and
improvements in the domain of learning and memory after one month of abstinence, depending on the brain-derived
neurotrophic factor (BDNF) genotype (Val homozygotes only, not in MET carriers).*® Between one month and seven
months, however, hippocampal volume changes did not correlate significantly with changes in neurocognitive function.

Increasing volumes in all gray matter and white matter regions (with the exception of the thalamus) were associated
with improved processing speed over nearly eight months of abstinence, in non-smoking AUD patients, only.”' Yeh
et al** found significant correlations between total brain volume changes and recovery of visuospatial learning between
one week and one month of abstinence from alcohol for smoking AUD but not for non-smoking AUD. However, the
greater rate of brain volume increase in the first period of abstinence (one week to one month) in smoking AUD patients
was inversely related to the improvement of visuospatial memory during the second period of abstinence (one month to
seven months). Despite numerically faster brain volume gains and a trend toward faster ventricular shrinkage in smoking
AUD patients, the recovery of visuospatial learning and memory of smoking AUD patients was below that of non-
smoking AUD patients in the second period.

Changes in lateral ventricular volume were negatively correlated with overall memory performance after abstinence
periods varying from three weeks to two years.*® Changes in the fourth ventricle were not associated with changes in
memory performance after one month of abstinence.*®

In summary, most studies have shown a consistent pattern of association between changes in brain volume during
abstinence and recovery of neurocognitive function. This process can be influenced by smoking.

Perfusion
One study found no correlation between changes in frontal and parietal gray matter perfusion and changes in neurocog-
nitive performance in executive function, learning and memory, processing speed, spatial processing, and intelligence

after one month of abstinence.>>
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Discussion

This scoping review describes the scientific evidence for factors associated with the recovery of neurocognitive function in

abstinent AUD patients (see Table 2 for a comprehensive overview of the strength of evidence found per factor). In this section,

we discuss the most consistent patterns found, relate them to evidence in the relevant literature, and identify research gaps.
First, the accumulated evidence suggests a largely consistent pattern of a negative association between smoking and

neurocognitive recovery in the domains of processing speed, learning and memory, spatial processing, executive

function, and fine motor skills, up to nine months of abstinence from alcohol. The interaction of nicotine and alcohol

on neurocognitive function is of interest because it is highly prevalent in AUD patients,>*>°

creating synergy and
multiplying health risks.”’>° Future studies of neurocognitive recovery in AUD patients should incorporate smoking
status and differentiate between active smoking, former smoking, and never smoking status.®

Second, increasing brain volumes during abstinence from alcohol within one year is associated with improvements in
(visuospatial) memory and learning, and speed. Some evidence has also been found suggesting an association between
decreasing lateral ventricular volume and memory improvement. Due to the process of sustained abstinence, ventricular
volumes decrease and brain structures such as the temporal, insular, anterior cingulate cortices, amygdala, thalamus,
hippocampus, brainstem, and cerebellar cortex increase.®® Identifying the reversibility of the structural and functional
changes caused by alcohol use is important.® The results of this review further support the association between the
recovery of neurocognitive function with changes in brain volumes. In addition, findings from the included studies

suggest that other factors may influence this relationship, such as smoking status” "~ or enotype.
ggest that other fact y infl this relationship, such king status®'~*? or BDNF genotype.*”

Table 2 Overview of the Strength of Evidence per Factor

Factor # Studies Strength of Evidence for Association with
Neurocognitive Recovery

Smoking 8 Sufficient & associated

Quantities used 13 Sufficient & not associated

Polysubstance 4 Limited & not associated

Detoxifications 3 Limited

Positive family history 5 Limited

Age 10 Sufficient & inconsistent

Gender 3 Limited & not associated

Education 6 Sufficient & not associated

Depression 7 Limited

ASPD 2 Limited

Verbal reading 5 Limited & not associated

Blood values 3 Limited

Neurocognitive task | Limited

Medical conditions 3 Limited

Brain volumes 6 Sufficient & associated

Perfusion | Limited

Notes: Sufficient & associated = enough studies, consistent pattern of associations with recovery of
neurocognitive functions; Sufficient & not associated = enough studies, consistent pattern of not being
associated with recovery of neurocognitive function; limited and not associated = not enough studies, most
studies show no associations with recovery of neurocognitive functions; Limited = not enough studies;
Sufficient & inconsistent = enough studies with mixed results.
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Two other well-studied factors, amounts of alcohol used and education level, show consistent evidence that they are
predominantly not associated with the recovery of neurocognitive function. First, factors reflecting alcohol quantities
were not, or sparsely, associated with neurocognitive recovery in various domains (executive function, learning and
memory, attention and processing speed, and social cognition) after varying abstinence periods of up to 4 years. This
finding has been noted before,*” and is somewhat counterintuitive. Excessive alcohol use is related to structural and
functional abnormalities in the brain,’ which, in turn, are associated with neuropsychological impairments.®'**> There
may be a methodological problem underlying this finding. Former alcohol use was retrospectively assessed in these
studies by relying on self-report measures and the ability to adequately retrieve information from the past. AUD,
however, is associated with episodic memory deficits, varying from learning impairments to spatiotemporal coding
deficiencies (ie, binding spatial and temporal information), and deficiencies in autonoetic awareness (ie, recalling
situations from the past by introspectively reliving these situations). These memory impairments may compromise the
validity of the results obtained using the self-report measures.'”'® In addition, it can be considered that other factors
associated with excessive alcohol use may cause severe neurocognitive impairments, such as thiamine deficiency.®®

Second, accumulated evidence suggests that educational attainment is not associated with the recovery of neurocog-
nitive function in multiple domains. This finding seems to contradict the robust association between education level and
cognitive performance.®*®> Indeed, the level of education is believed to influence the recovery of neurocognitive

function®%®

and to reflect cognitive reserve.®” However, these results were derived from cross-sectional studies, which
showed a correlation at one point in time. Recovery of function, as reflected by changes in cognitive function with
multiple assessments, was not measured. In line with our findings, other studies on cognitive reserve have shown no
substantial relationship between educational attainment and changes in cognitive performance®’ or cognitive reserve.®®

The evidence for an association between the factors “polysubstance use”, “premorbid neurocognitive function” or
“gender” with the recovery of neurocognitive function is considered insufficient. In most cases, the patterns consistently
show no evidence of an association. Firstly, polysubstance use has been studied to a limited extent. Only four studies were
included, of which two studies had lower levels of evidence ratings (small sample sizes:>>*° and no control group™).
Moreover, two studies that did not find an effect did not include smoking status in their analyses. This excludes that part of
the effects can be ascribed to smoking status, given the evidence for the influence of smoking status on neurocognitive
recovery in AUD patients. The field of research on polysubstance use has long been overlooked,®*’® and the use of other
substances was largely seen as a nuisance before 2010.%’ Given the few longitudinal studies available, the assumed impact
of smoking status, and specific neurobiological alterations coinciding with polysubstance use, more studies are needed.

Second, premorbid neurocognitive function, assessed by means of a verbal reading task, could not be associated with
the recovery of neurocognitive function. Regarding the results, the following considerations are made to enhance future
research. Investigations of alcohol-related neurocognitive impairments often use a verbal reading task to establish
premorbid intelligence, such as the NART (National Adult Reading Task’'). Previous research on the use of the
NART provided evidence for justified use in estimating premorbid intelligence in patients with frontal lobe damage,
Korsakoff syndrome, and mild or moderate stages of Alzheimer’s disease.”” Indeed, studies indicate that reading tests
index prior intellectual ability”® and provide the most reliable and precise estimates of the WAIS-IV full scale 1Q.”*
However, in our review, most studies used these measures to investigate the effect of premorbid intelligence on
performance or recovery on other neurocognitive instruments. To our knowledge, studies on the relationship between
verbal reading tasks and neurocognitive measures other than intelligence tasks are scarce, with one study indicating
a moderate correlation between performance on the NART and performance on measures of memory.”> Therefore, it
seems appropriate to be careful when using a verbal reading task to predict specific neurocognitive function or recovery
of neurocognitive function. In addition, tests assessing premorbid intelligence are likely to provide the most reliable
premorbid estimates of full-scale intelligence in the mean range while overestimating intelligence in those with very low
scores and underestimating those with very high scores.”® Finally, it is considered that a lower verbal ability can precede
heavy alcohol use’” or can be the result of both lower premorbid intelligence and more intellectual decline.”®

A third factor, gender, shows no association with the recovery of neurocognitive function but has been studied to
a limited extent. The strength and generalizability of the evidence is limited for several reasons. Most studies included in
this review consisted largely of men, which may have biased the results. Research within AUD populations largely
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consists of men, which complicates research on gender effects.”’ Furthermore, the included studies had a small sample
size?” or focused on only one domain of recovery (social cognitive function).*' Literature on the effect of gender
differences on cognitive function states that men and women are generally evenly capable of cognitive capacities.** % It
remains unclear whether this also applies to the recovery of neurocognitive function in AUD patients, since only a few
studies have been performed on this matter, to our knowledge.*> Neurobiological studies suggest gender-specific neural
recovery effects®® and greater neurotoxic effects of alcohol in binge drinking women than in men.*> Findings from
a recent study showed a significant association between no recovery of cognitive function and the female gender in
recovering AUD patients.*®

One factor that has been analyzed in multiple studies on the recovery of neurocognitive function is age. However, the
results showed an inconsistent pattern of studies that found a negative association and studies that found no association.
These findings may partially cohere with the relatively low and equally distributed age of patients included in the studies
(between 40 and 50 years, with, roughly estimated, most patients predominantly aged between 30 and 60 years).
Moreover, the interaction of age with alcohol is complex, since the recovery of neurocognitive function can be modulated
by age at exposure, aging following alcohol toxicity or thiamine deficiency, and aging during chronic alcohol use.®’

Finally, the findings of this review indicate that most of these factors are understudied. In this regard, studies on the
influence of polysubstance use, the number of previous detoxifications, positive family history, sex, depression, ASPD,
verbal reading, blood values, baseline neurocognitive function, medical conditions, and perfusion on recovery of
neurocognitive function during abstinence are limited and in need of further research. In addition, it is noted that alcohol
use disorder is highly comorbid with other psychiatric disorders, such as depression or personality disorder,®® as was also
found within some of the studies included. This, so-called “dual disorder”,****° is associated with poorer prognosis (eg,
greater psychopathological severity, higher frequency of psychiatric admissions) and may be accompanied by other,

distinct, neuropsychological characteristics.”’

Recommendations for Future (Longitudinal) Research
Based on the findings of this review, a number of recommendations can be made that may lower the threshold for
clinically relevant scientific research and further aid in modelling the recovery of neuropsychological function with

sustained abstinence.

e The recovery of neurocognitive function was negatively associated with smoking. Smoking status (never smoking,
former smoking, and smoking) is associated with differential effects on the recovery of neurocognitive function and
should be incorporated in future research.

e There is sufficient evidence for the lack of an association between “quantities used” (by means of self-report) and
recovery of neurocognitive function during abstinence. It should be noted that episodic memory deficits might
obscure the self-reported findings of AUD patients regarding alcohol use in the past. It is therefore recommended to
consider carefully the use of self-report tools to measure prior alcohol consumption, and their purpose in
neurocognitive recovery research.

e Most studies (25/31) included in this review started the first assessments within two weeks of abstinence. Given the
possible negative effects of withdrawal on neurocognitive function, it is recommended that neurocognitive function
be assessed after at least two weeks of abstinence.”® Another study recommends assessment after six weeks of
abstinence.”®

e Findings from this review indicate that most factors are understudied, while scarce evidence is indicative of follow-
up research. In this regard, associations of neurocognitive recovery with age, gender, polysubstance use, the number
of previous detoxifications, blood values, medical conditions, depression and ASPD (also studied as dual

disorders®®°!

) should be studied in well-controlled cross-sectional, or preferably longitudinal, designs that account
for abstinence duration.
e Social cognition, or the recovery of social cognitive function, is an understudied neurocognitive domain that

requires further research.
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Limitations

This review is not without limitations, four of which we will mention here. First, methodological issues must be
considered when interpreting our findings. Determining the predictive value of a factor, or its association, is always
done in the context of other factors, and is valid, within the model used. Therefore, not finding an association or an effect
means that there is no effect within the model handled. Studies within this review show considerable differences in the
number of variables included in their analyses. In this regard, we notice that well-controlled, cross-sectional studies,
including multiple relevant variables associated with neurocognitive functioning in abstinent AUD, also contribute to our
understanding of neurocognitive recovery (see for example’®) but have not been included in this review. Second, we did
not pool data to meta-analyze the effects of individual factors since not all data were available from the included studies.
Third, the instruments used to measure neurocognitive function in these studies are diverse and differ in terms of validity
and reliability. In addition, there is diversity in the extent to which studies take into account possible learning effects
associated with the instruments used, ranging from merely stating a limitation of the study to using parallel forms or
calculating a reliable change index. Finally, there is a risk of publication bias by including only published studies in this
review. We consider the risk, however, to be limited, as the factors studied were often not the primary focus of the
included study, resulting, for example, in multiple null findings (eg, multiple studies showing no association between
quantities of alcohol used with neurocognitive recovery).

Conclusion

Notwithstanding the aforementioned limitations, to our knowledge, this is the first review to systematically map the
factors that may influence the recovery of neurocognitive function in abstinent AUD patients. The clearest patterns
emerging from the evidence collected are a predominantly negative influence of smoking on the recovery of neurocog-
nitive function, and associations between changes in volumes of various brain areas (hippocampal, ventricular, and total
brain volume), and recovery of neurocognitive function. There is sufficient evidence for the lack of an association
between neurocognitive recovery and the amount of alcohol consumed, as measured by self-report, or between
neurocognitive recovery and educational attainment.

Future research on several factors is indicated because these have been sparsely investigated using a longitudinal
design (polysubstance use, the number of previous detoxifications, positive family history, gender, depression, ASPD,
verbal reading, blood values, baseline neurocognitive function, medical conditions, and perfusion) and/or show conflict-
ing findings (age). Longitudinal designs should preferably be used, with multiple assessment periods, starting at least
after two weeks of abstinence, given the possibility of withdrawal symptoms interfering with neurocognitive
performance.

Findings from these studies may help resolve the conflicting results found so far on the recovery of neurocognitive
function and may expand our understanding of this process and the extent to which it occurs in the context of AUD.
Ultimately, this will aid in creating a clinical profile that can be used to identify patients at risk of slower or limited
recovery and to improve personalized care.
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