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Abstract

Aims: In addition to amnesia, executive deficits are prominent in Korsakoff’s syndrome (KS), yet

poorly studied. This study investigates the degree of executive dysfunction in patients with KS for

the three main executive subcomponents shifting, updating and inhibition using novel, theory-

driven paradigms.

Short summary: Compared to healthy controls, patients with KS show impairments on the execu-

tive subcomponents shifting and updating, but not on inhibition.

Methods: Executive functions were measured with six carefully designed tasks in 36 abstinent

patients with KS (mean age 62.3; 28% woman) and compared with 30 healthy non-alcoholic con-

trols (mean age 61.8; 40% woman). ANOVAs were conducted to examine group differences and

effect sizes were calculated.

Results: Compared to healthy controls, patients with KS were impaired on the executive subcom-

ponents shifting and updating. No statistically significant group difference was found on the factor

inhibition.

Conclusions: Executive dysfunction in long-abstinent patients with alcoholic KS shows a profile in

which shifting and updating ability are affected most. It also highlights that executive dysfunction

is an important feature of KS and requires more attention in scientific and clinical practice, as

these deficits may also affect daily functioning.

INTRODUCTION

Korsakoff’s syndrome (KS) is a neuropsychiatric disorder, character-
ized by severe cognitive and behavioural deficits. It is caused by thia-
mine deficiency, most commonly associated witch chronic alcohol

use (Bowden et al., 1994; Kopelman et al., 2009; Arts et al., 2017).
Many patients have somatic as well as psychiatric comorbidity, use
one or more psychotropic drugs and show neuropsychiatric symp-
toms which include depressive symptoms, agitation and aggression
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(Gerridzen et al., 2017). Other symptoms of KS include confabula-
tions, apathy, disorders of affect, social-cognitive problems and
impaired awareness (Arts et al., 2017; Rensen et al., 2017;
Gerridzen et al., 2018). The cognitive deficits of patients with KS
include severe anterograde and retrograde amnesia and executive
dysfunction. Patients with KS suffer from profound contextual defi-
cits in both working memory and episodic memory, while implicit
memory is usually preserved (Kopelman et al., 2009; Kessels &
Kopelman, 2012; Oudman et al., 2015; El Haj & Nandrino, 2017).

The DSM-5 classifies KS as ‘alcohol-induced major neurocogni-
tive disorder, amnestic confabulatory type’ (American Psychiatric
Association, 2013). Although this classification highlights the mem-
ory problems, executive dysfunction has been put forward as
another prominent symptom of the syndrome (Van Oort & Kessels,
2009). Executive functions are cognitive processes responsible for
controlling and regulation thoughts, emotions and behaviour. They
are crucial for just about every aspect of life, including mental and
physical health, school and vocational success and quality of life
(Diamond, 2013) and closely related to the concept of fluid intelli-
gence (i.e. reasoning; Van Aken et al., 2016). Typically, executive
functions are often referred to as higher-order functions, such as
planning, reasoning and problem solving, that are poorly defined as
cognitive constructs. However, recent theories and models on execu-
tive function identified several ‘core executive processes’ that under-
lie these higher-order cognitive functions (Diamond, 2013). Three
core executive components have been identified in previous research,
namely inhibitory control (inhibition), working memory (updating)
and shifting or cognitive flexibility (shifting) (Miyake & Friedman,
2012; Baggata & Alexander, 2016).

Executive dysfunction is consistently reported in KS patients
(see, e.g. Van Oort & Kessels, 2009; Oscar-Berman, 2012;
Maharasingam et al., 2013). For instance, patients with KS show
deficits which include poor judgement and planning abilities (Oscar-
Berman, 2012), and are found to be impaired on neuropsychological
measures of executive function (e.g. the Behavioural Assessment of
the Dysexecutive Syndrome [BADS]) (Maharasingam et al., 2013).
Also, impairments in all three aforementioned core components
have been reported. For instance, Oscar-Berman et al. (2004) used
the Wisconsin Card Sorting Test to measure executive dysfunction
in patients with alcoholic KS, alcoholics without KS and healthy
controls and found that patients with KS performed worse than
alcoholics on perseverative errors, reflecting poor shifting ability
(Miyake et al., 2000; Kessels et al., 2008). Furthermore, patients
with KS demonstrate impairments on working memory tasks,
reflecting the factor updating (Hildebrandt et al., 2004; Van
Geldorp et al., 2012). As for the factor inhibition, results are less
consistent. For example, deficits in oculomotor inhibition (Van der
Stigchel et al., 2012), and impaired performance on the Stroop
Colour-Word Test (El Haj et al., 2017; El Haj & Nandrino, 2018)
have been reported in KS. However, Pollux et al. (1995) concluded
that patients with KS are in fact able to inhibit the dominant
response in a random-number generation task that requires execu-
tive control. Furthermore, Pitel et al. (2008) found impaired inhib-
ition in KS, but to a lesser extent than shifting and updating deficits.

Brion et al. (2014) reviewed the existing research on executive
dysfunction in KS and concluded that an accurate overview of spe-
cific executive deficits in KS is lacking, as most investigations used
multifaceted executive tasks covering multiple cognitive processes.
This problem is also known as the task impurity problem
(Packwood et al., 2011), meaning that EF tasks assess multiple
executive subcomponents and that non-executive processes, such as

language or motor speed, affect results on these tasks as well
(Snyder et al., 2015). Therefore, executive dysfunction should be
studied using more targeted and precise executive paradigms in clin-
ical research. This study aims to directly compare and quantify
impairments of each executive subcomponent of patients with KS.
Using six carefully designed tasks as measures of shifting, updating
and inhibition, more targeted assessment of these subcomponents is
possible, and ceiling and floor effects are prevented. KS performance
will be compared to a matched healthy control group.

METHOD

Participants

Two groups of participants took part in this study. The first con-
sisted of 36 patients with alcoholic KS. Thirty of these were in-
patients of Atlant Korsakov centre of expertise, a specialized nursing
home for Korsakoff patients in Beekbergen, the Netherlands. Six
patients were in-patients of the Korsakoff Clinic of Vincent van
Gogh Institute for Psychiatry in Venray, the Netherlands. All
patients were in the chronic stage of Wernicke–Korsakoff syndrome.
Median duration of alcohol abstinence was 6.6 years (range
0.42–16 years). Patients were selected for the study if they (a) ful-
filled the DSM-5 criteria for substance/medication-induced major
neurocognitive disorder and the clinical criteria of KS described by
Kopelman (2002), (b) had no additional cognitive deficits (e.g.
tumour, stroke) as followed from the medical charts, (c) had an esti-
mated IQ score above 75 and (d) were aged <70, to make sure none
fulfilled the criteria for alcohol-related dementia (Oslin et al., 1998).
The second group consisted of 30 healthy controls (patient relatives,
volunteers or employees of nursing home Atlant). None of the
healthy controls used psychotropic medication and none of them
were heavy drinkers, as indicated through the Five-Shot question-
naire (Seppä et al., 1998), a short questionnaire on which a score of
2.5 or higher indicates possible alcohol misuse (max = 7).

Table 1 presents the demographic data of both groups.
Education level was assessed using seven categories, in accordance
with the Dutch educational system: 1 being the lowest (less than pri-
mary school) and 7 the highest (academic degree). Intelligence was
estimated using the Dutch version of the National Adult Reading
Test (NART; Schmand et al., 1992). General cognitive functioning
was measured with the Dutch version of the Montreal Cognitive
Assessment (MoCA; Nasreddine et al., 2005) that has been

Table 1. Demographic data for patients with Korsakoff’s syndrome

and healthy controls

Korsakoff’s
syndrome
(n = 36)

Healthy
controls
(n = 30)

Age, M (SD) 62.3 (5.3) 61.8 (5.6)
Sex distribution (% woman) 27.8 40.0
Education level, median 4.0 5.0
Estimated IQ (NART) M (SD) 99.9 (16.1) 104.8 (15.5)
MoCA—executive part**, M (SD) 3.2 (1.3) 4.1 (0.8)
MoCA—non-executive part**, M (SD) 15.3 (3.0) 22.3 (1.7)

Note. No statistically significant differences between the groups were found
on age, sex distribution, education level or IQ score.

NART = National Adult Reading Task (Dutch Version).
MoCA = Montreal Cognitive Assessment.
*P < 0.05; **P ≤ 0.001.
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validated in patients with alcohol-related cognitive impairment
(Bruijnen et al., 2018). Controls were excluded when they scored
below 24 on the MoCA. In order to create matched groups, only
healthy controls between 50 and 70 years were recruited. The study
was approved by the Ethics Committee of the Faculty of Social
Sciences of Radboud University (Ref. no. ECSW2015-1210-343)
and the institutional review boards of Korsakoff Centre Atlant (Ref.
no. mdz/mp/2015-005) and Vincent van Gogh Institute for
Psychiatry (CWOP; Ref. no. 15.04365). Written informed consent
was obtained by all participants. When patients were not legally
competent, their legal representative also signed the informed con-
sent form.

Instruments

Six novel experimental executive function tasks were developed, two
tasks for each executive subcomponent. These tasks were based on
the ones described by Friedman et al. (2008), but adapted for use in

cognitively impaired patients. The tasks were programmed in
PsychoPy version 1.83.03 (Peirce, 2007) on a research laptop (Dell
XPS M1530) with a 15-inch screen and using Windows 7. A tailor-
made button box was used to measure reaction time (RT) with milli-
second accuracy. The order of the tests was counterbalanced and all
tasks were extensively piloted and modified if necessary, making
sure the length and complexity made administration in cognitively
impaired individuals feasible, yet avoiding ceiling performance in
cognitively unimpaired individuals. Figure 1 shows a schematic
overview of each task.

Shifting

To measure shifting, the Category Switch Task and the Number–
Letter Switch Task were used. In the Category Switch Task partici-
pants had to (1) categorize words as either living (left button) or
nonliving (right button) when a heart was presented and (2) whether
the object was larger (left button) or smaller (right button) than a

Fig. 1. Schematic overview of the paradigms tapping the three executive domains shifting, updating and inhibition. In the Category Switch Task, participants

had to categorize words in as either (1) living or nonliving when a heart was presented on the screen and (2) whether the object was smaller or larger than a

soccer ball when a soccer ball was presented on the screen. In the Number Letter Switch Task, participants had to indicate (1) whether the number was even or

odd when the pair was above the line and (2) whether the letter was a vowel or a consonant when the pair was below the line. In the Spatial 2-Back Task, partici-

pant had to respond by answering the question ‘Was this the same box as two flashes earlier?’ with ‘yes’ or ‘no’. In the Letter Memory Task, they were

instructed to recall the last two letters of a series letters who were presented on the screen for 2500ms per letter by adding the most recent letter and dropping

the third letter back. In the Stop Signal Task, participants had to categorize words into an animal or a non-animal, but when they heard a signal (a 100-ms long

tone) participants were instructed to not respond. Finally, in the Antisaccade Task, participants had to fixate on a point. A black square was briefly presented on

one side of the fixation point, followed by an arrow inside an open square on the opposite side, which was masked with a grey square after 175ms. Participants

had to indicate whether the arrow was directed to left or right.
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soccer ball when a soccer ball was presented. During the task the
category cues remained visible on the screen. In the Number–Letter
Switch Task a letter-number or a number–letter pair (e.g. 4G, K3)
was presented above or below a line. Participants had to indicate
(1) whether the number was even (left button) or odd (right button)
when the pair was above the line and (2) whether the letter was a
vowel (left button) or a consonant (right button) when the pair was
below the line. Again, the cues remained visible throughout the task.
Both tasks consisted of two blocks of 24 switch and 24 no-switch
trials. A trial was considered a switch trial when the cue differed
from the trial before (e.g. the pair changed from above to below the
line). Both blocks were preceded by six practice trials and the tests
started with one practice block of 24 trials. Switch cost was used as
outcome measure, calculated as the difference between the median
RT of the switch trials and the median RT of the no-switch trials.

Updating

The Spatial 2-Back Task and the Letter Memory Task measured
working memory/updating. The Spatial 2-Back consisted of 10
squares, placed in a circle. After a tone, one box flashed black for
500ms, after which participants had to respond by answering the
question ‘Was this the same box as two flashes earlier?’ with ‘yes’
(left button) or ‘no’ (right button). Two blocks of 24 trials were pre-
ceded by a 24-trial practice block. The percentage of correct answers
was selected as outcome measure. The instruction remained visible
on the screen during the task. In the Letter Memory Task partici-
pants were instructed to recall the last two letters of a series of letters
that were each presented for 2500ms. After each letter, the partici-
pant was instructed to verbally rehearse the last two letters they had
seen by mentally adding the most recent letter and ‘forgetting’ the
third letter back. The task started with three practice trials consisting
of five, seven and nine letters and was followed by nine trials of each
length. Outcome measure was the percentage correct answers.

Inhibition

Inhibition was measured using the Antisaccade Task and the Stop
Signal Task. In the Antisaccade Task participants had to fixate on a
fixation point for a variable amount of time (1.500–3.500ms). A
black square (22 × 22mm2) was briefly presented on one side of the
fixation point (for 150ms), followed by a an arrow (16mm) inside
an open square on the opposite side for 175ms. After that, the
arrow was masked with a grey square. The instruction was to indi-
cate whether the arrow was directed to the left (left button) or the
right (right button). A total of 54 trials were preceded by 18 practice
trials. The percentage correct was included for analyses. During the
Stop Signal Task participants, the ongoing task was to categorize
words as either an animal (left button) or a non-animal (right but-
ton). During the target trials, however, participants were instructed
not to respond when they heard a 100-ms long tone. This signal was
present in 25% of the trials on one of the three possible moments:
50 of 225ms before the individual’s average RT, or 50ms after the
onset of the trial. The task started with 48 practice trials, followed
by a 48-trial block used to calculate each participant’s average RT.
Two blocks of 48 target trials were preceded by 12 practice trials.
Outcome measure was the stop-signal RT, calculated following
Friedman et al. (2008): for each delay the probability of responding
was calculated (a number between 0 and 1). Second, the correct no-
signal go trials were rank ordered. For each delay the nth RT of this
row was selected, with n being the number of the correct no-signal
go trials, multiplied by the probability of responding of each delay.

The stop-signal delay was subtracted from this nth RT. Last, the
stop-signal RTs for all delays were averaged.

Procedure

Patients completed the neuropsychological testing at the centre were
they stayed, in a quiet room and with a trained researcher. All con-
trols were tested at nursing home Atlant. All participants completed
the MoCA and the NART prior to the assessment of the executive
tasks. The total testing session lasted ~1–1.5 h.

Analyses

Results were analysed using the Statistical Package for the Social
Sciences (SPSS) Version 25. For all RT measures, RTs of errors and
trials following errors were not used in the analysis. All RTs are in
milliseconds. Skewness and kurtosis scores were determined for all
dependent variables to check for normality. For each tasks it was
calculated whether patients and controls performed above chance
level and whether floor- or ceiling effects occurred. For each execu-
tive subcomponent a compound score was calculated by averaging
the Z-scores of the two tasks per subcomponent. The directionality
of the Z-scores of the two Shifting Tasks and the Stop Signal Task
were reversed so that higher scores indicated better performance.
ANOVAs were performed to calculate group differences and effect
size was calculated using Cohen’s d.

RESULTS

All patients with KS were able to comprehend the instructions and
complete the tasks. In two patients, the data of one task (Stop Signal
Task or Spatial 2-Back Task) were missing due to apparatus failure.

Figure 2 shows the executive compound scores for the two
groups. Patients with KS performed significantly worse than controls
on shifting (F(1,64) = 27.4; P < 0.0005; Cohen’s d = 1.35) and
updating ability (F(1,63) = 20.1; P < 0.0005; Cohen’s d = 1.14)
than healthy controls. No significant difference was found between
the patients with KS and the controls on inhibition ability (F(1,63) =
3.5; P = 0.066). The scores on each task will be discussed in the
next sections for patients and controls (Table 2).

Fig. 2. Executive compound scores per group. **P < 0.0005.
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Shifting

Both patients with KS and controls performed above change level
on both shifting tasks (all t-values >17.1, all P < 0.0005). Patients
demonstrated significantly higher switch cost than healthy controls
both on the Category Switch Task (F(1,64) = 13.7, P < 0.0005) and
on the Number Letter Switch Task (F(1,64) = 24.7, P < 0.0005).

Updating

For the Spatial 2-Back Task, both patients and controls performed
above change level (t-values > 2.5; P < 0.05). For the Letter
Memory task, no change performance could be computed, as this is
a free recall task. Patients were significantly less accurate than con-
trols on the Spatial 2-Back task (F(1,63) = 6.3; P < 0.05). The scores
on the Letter Memory Task were non-normally distributed. All
scores were square-transformed, after which the normality assump-
tion was met (skewness = −1.48, SE = 0.26; kurtosis = 0.96, SE =
0.51). Patients were significantly less accurate on the Letter Memory
Task (F(1,64) = 20.8; P < 0.0005) compared to controls.

Inhibition

For both the Antisaccade and the Stop Signal Task, mean scores
were significantly above change level for patients and controls
(t-values > 18.14, P < 0.0005). No differences were found between
KS patients and healthy controls in accuracy on the Antisaccade
Task (F(1,64) = 1.1; P = 0.294). On the Stop Signal Task, no
between-group difference on the Stop Signal RT measure (F(1,63) =
3.4; P = 0.071). A closer look at the RTs of the latter task shows
that patients (M = 812.7; SD = 107.7) were significant slower than
healthy controls (M = 685.9; SD = 58.1) on the RT block (the first
48 trials) that was used to determine each participant’s average RT
(F(1,63) = 33.2; P < 0.0005), but no significant difference was
found between patients (M = 892.4; SD = 110.6) and healthy con-
trols (M = 923.7; SD = 124.7) when the RT was calculated as the
median RT of all trials (F(1,63) = 1.2; P = 0.287). Patients (M =
67.3; SD = 8.7) were significantly less accurate on the task (F(1,63) =
26.3; P <0.0005) than controls (M = 77.5; SD = 7.3) and patients
(M = 35.1; SD = 15.7) made more errors in the no-go trials (F(1,63) =
20.9; P < 0.0005) than controls (M = 54.7; SD = 18.9).

DISCUSSION

This study aims to directly compare and quantify executive impair-
ments in patients with KS. The results show a profile of executive
dysfunction in which shifting and updating ability are affected most,
while no significant differences between patients with KS and
healthy controls were found on inhibition ability.

The largest effect size was found for shifting ability (Cohen’s d =
1.35). This is in line with earlier results where patients with KS dem-
onstrate an impaired performance on Card Sorting tests (Oscar-
Berman et al., 2004; Kessels et al., 2008). Friedman and Miyake
(2017) argued that shifting ability reflects flexibility (i.e. replacing
goals or task sets when necessary) and that this process is somewhat
opposite to goal maintenance (important for inhibition ability).
Strong goal representations take longer time to replace, thus show-
ing a stability (inhibition)/flexibility (shifting) trade-off. In our study,
this pattern is observed in patients with KS (i.e. impaired shifting yet
unimpaired inhibition).

Updating ability was also impaired in patients with KS. This
extends previous research on updating/working memory in KS
(Hildebrandt et al., 2004). Although traditionally, memory impair-
ments in KS were considered to reflect a long-term memory deficit
only (Butters & Cermack, 1980), more recent studies also found evi-
dence for impairments in working memory in amnesic patients, that
is, the ability to maintain and update information held for a brief
period of time, especially on working memory/updating tasks that
require more cognitive resources (i.e. having a higher working mem-
ory load). For instance, Van Geldorp et al. (2012) found deficits in
associative working memory and argued that long-term encoding
processes—subserved by the diencephalic-hippocampal circuitry—
already took place during working memory tasks. This also explains
the discrepancy with other findings of unimpaired performance on
standard tests of working memory (e.g. digit span tasks; see e.g.
Kopelman, 1985; Kessels et al., 2008).

The current results suggest preserved inhibition in patients with
KS. As stated before, previous findings on inhibition are inconsist-
ent. Oculomotor inhibition has been found to be impaired (Van der
Stigchel et al., 2012), while dominant response inhibition seems to
be preserved at least in some studies (Pollux et al., 1995).
Differences in task demands may underlie these discrepancies. For
instance, the behavioural Antisaccade Task used in our study

Table 2. Performance on the individual executive tasks for the Korsakoff patients and the healthy controls

Korsakoff’s syndrome (n = 36) M (SD) Healthy controls (n = 30) M (SD) P-value Cohen’s d

Shifting
Category switch
Switch cost (ms) 1297.5 (1299.3) 391.0 (363.6) < 0.0005 0.95

Number letter switch
Switch cost (ms) 1758.7 (1180.8) 520.5 (283.9) < 0.0005 1.44

Updating
Spatial 2-Backa

Accuracy (% correct) 56.6 (15.9) 66.0 (14.0) < 0.05 0.63
Letter memory
Accuracy (% correct) 77.4 (28.5) 98.4 (2.6) < 0.0005 1.18

Inhibition
Antisaccade
Accuracy (% correct) 75.6 (8.4) 77.6 (7.2) 0.294 0.26

Stop signala

Stop signal RT (ms) 541.9 (144.4) 462.6 (202.3) 0.071 0.45

aMissing data for one patient.
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differed from the one used by Van der Stigchel et al. (2012) in which
eye movements were actually measured. In their task, participants
were instructed to make pro- or antisaccade eye movements depend-
ing on the colour of the fixation cross. Because participants had to
switch between these instructions, this task instruction also relied on
the patients’ shifting ability. Furthermore, patient groups differ with
respect to abstinence, with patients in Van der Stigchel et al. (2012)
being abstinent for 1–7 months, complicating the interpretation as
cognitive recovery from alcohol use and withdrawal occurs in this
period (Stavro et al., 2013).

To understand why results on inhibition ability in patients with
KS show discrepancies, a closer look on the construct of inhibition
is necessary. Following Friedman and Miyake (2004) inhibition abil-
ity should be considered as a multidimensional construct that can be
subdivided into three different processes: that is, prepotent response
inhibition, resistance to distractors, and resistance to proactive inter-
ference. According to Friedman and Miyake, the tasks used in our
study are both measures of prepotent response inhibition. Brion
et al. (2018) measured prepotent response inhibition and resistance
to distractors in patients with KS and alcoholics and concluded that
patients with KS predominantly show impaired resistance to distrac-
tors rather than impaired prepotent response inhibition. This is in
line with results of Pollux et al. (1995) and current findings, but in
contrast with results of El Haj et al. (2017) and El Haj and
Nandrino (2018), who found impaired inhibition in KS measured
with the Stroop Colour Word Test. However, it remains under
debate whether the Stroop task can be considered as a measure for
prepotent response inhibition (Khng & Lee, 2014). Other factors
are likely to have influenced inhibitory performance, such as the
amount of time allowed for completion of the task or difference
between computerized paradigms versus paper-and-pencil tests (see
Kessels, in press). Finally, inhibition deficits could depend on other
variables, for instance severity of overall cognitive impairment or
abstinence duration. Further investigation is needed to clarify these
discrepancies in inhibition-related impairments in patients with KS,
considering inhibition as a multidimensional construct.

The present study aimed to overcome some shortcomings of pre-
vious research. To date, no study on executive dysfunction in
patients with KS had been published in which specific executive sub-
components were examined using sensitive tasks (cf. Brion et al.,
2014). We used a theory-driven approach and our design enables to
make a direct comparison between each executive subcomponent.
Describing executive dysfunction in terms of the three executive sub-
components might help to understand the underlying mechanism
involved in executive dysfunction (Snyder et al., 2015). Second,
patients with KS were abstinent for a long time (on average more
than 6 years). This is particularly important because executive dys-
function of alcoholics has been found to remain present more than a
year after abstinence (Stavro et al., 2013). A short abstinence period
in patients with KS can thus influence the results, because recently
detoxified alcoholics are found to have executive dysfunction as well
(Brion et al., 2017). Third, in comparison with other studies, we
have a relatively large sample of patients with well-defined KS due
to our selection criteria.

This study also has some limitations that should be addressed.
First, we modified the tasks suggested by Friedman et al. (2008) to
enable reliable administration in patients with KS. While these adap-
tations prevented floor effects, ceiling performance was found for
the Letter Memory Test in healthy controls. Despite this ceiling per-
formance, we still found a large updating deficit in KS compared to
controls, although the effect size may have been attenuated by the

high performance of the control group. Further adaptations are thus
needed in future research to increase the complexity of this task.
Second, we cannot rule out that non-executive processes may have
influenced the performance on our tasks. To overcome this, Brion
et al. (2017) used a comparable design but added non-EF baseline
conditions to measure non-executive processes and use subtraction
to calculate the ‘pure’ EF component. Although this method has
clear advantages, it also substantially increased the length of each
task, thus making administration in patients with KS more difficult
and burdensome. Finally, it could be argued that including a second
control group of non-KS alcoholics might have been informative.
However, while previous studies have employed such a design (com-
paring patients with KS to alcoholic controls), the duration of
abstinence always differs greatly between these two groups. That is,
our sample of patients with KS has been abstinent for years, a status
which has also been verified as all patients resided in a care home in
which a strict alcohol policy was maintained. In turn, the chronic
alcoholics used in previous studies (Pitel et al., 2007; Brion et al.,
2017) had been abstinent only for days to weeks at most, indicating
that any cognitive deficit measured are likely the result of the effects
of alcoholic encephalopathy, which is largely reversible (Arts et al.,
2017). Also, the abstinence status cannot be fully substantiated in
alcoholics in outpatient addiction care, making it possible that find-
ings may also be confounded by acute withdrawal effects of alcohol.

In conclusion, executive dysfunction of patients with KS shows a
profile in which shifting and updating ability are affected most. It
also highlights that executive dysfunction is an important feature of
KS and requires more attention in scientific and clinical practice, as
these deficits also affect daily functioning.
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