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ABSTRACT

Korsakoff's syndrome (KS) is characterized by episodic memory impairment due to damage to the
medial diencephalic structures. Although commonly associated with chronic alcoholism, starvation
due to the hunger strike is one of its nonalcoholic causes. Learning the stimulus-response associa-
tions and transferring the just-learned associations to novel combinations were previously tested
by specific tasks in memory-impaired patients with hippocampal, basal forebrain, and basal gan-
glia damage. To add to this previous research, we aimed to use the same tasks in a group of
patients with hunger strike-related KS presenting a stable isolated amnestic profile. Twelve
patients with hunger strike-related KS and matched healthy controls were tested in two tasks vary-
ing in task complexity. Each task included two phases: the initial phase is feedback-based learning
of (simple vs. complex) stimulus-response associations, and the following phase is transfer general-
ization (in the presence vs. absence of feedback). On a task involving simple associations, five
patients with KS failed to learn the associations, while the other seven patients showed intact
learning and transfer. On the other task involving more complex associations, seven patients
showed slower learning and failed at transfer generalization, whereas the other five patients failed
even at the acquisition phase. These findings of a task-complexity-related impairment on associa-
tive learning and transfer represent a distinct pattern from the spared learning but impaired trans-
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fer previously observed on these tasks in patients with medial temporal lobe amnesia.

Introduction

Wernicke-Korsakoff’s syndrome (WKS), once commonly
considered the direct consequence of chronic alcoholism, is
now well-established as a nutritional nervous system dis-
order caused by thiamin deficiency. Thiamin is essential for
glucose metabolism, which is the brain’s principal energy
source. Its depletion leads to neuronal dysfunction and loss
in the most vulnerable cerebral structures confined to the
brainstem and medial diencephalon, which are reflected in
turn in the cerebellar and cognitive findings with an amnes-
tic core of the WKS (Victor et al., 1971). Accordingly, thia-
min deficiency may be due to decreased thiamin availability
as seen in malnutrition and chronic alcoholism, malabsorp-
tion, prolonged vomiting, and starvation, accelerated thia-
min consumption, such as hypermetabolic conditions,
cancer, and intravenous glucose or dextrose loading, and/or
impaired thiamin functioning that occurs with certain
medications (Isenberg-Grzeda et al., 2012, 2016; Parkin
et al,, 1991).

Two eponyms of the syndrome correspond to two phases
of the disease, where Wernicke’s is the initial phase with a
confusional state, diplopia due to ocular palsies and cerebel-
lar ataxia (appendicular reaching deficits and wide-based,
unsteady gait), and Korsakoft’s (KS) is the chronic phase
with amnestic state, accompanied by varying degrees of
apathy, dysexecutive findings, confabulations, delusions and
also by remnant signs of Wernicke’s, such as nystagmus and
gait ataxia. Very early intervention within a few hours of the
onset with adequate thiamin supplementation, it may be
completely reversible without progression into KS. Also,
later treatment with high doses of thiamin can still lead to
substantial recovery, albeit with some major or minor seque-
lae (Oudman et al., 2021). Treated or not, all WKS patients
also tend to recover over the ensuing year in accordance
with the mechanisms of reparational neuroplasticity. After
~1 vyear, this recovery may be complete in patients with
milder clinical severity at presentation; otherwise, it stays
stable as a lifetime static encephalopathy. It is also estab-
lished that it is not solely the malnutrition or the prolonged
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hunger per se that causes the disease, but more often than
not, it is caused by intravenous or nasogastric tube feeding
without thiamin supplements used for refeeding purposes;
hence it is inadvertently induced by the treating physician,
in other words, it may be an iatrogenic condition (Wallis
et al., 1978).

Although it is mainly associated with chronic alcohol use,
it also occurs in nonalcoholic patients as well, as stated above.
Among nonalcoholic reasons, hunger strike is rare, with a
rate of 6.7% (Oudman et al, 2021). The hunger strike is
a voluntary fasting leading to starvation, usually practiced as
a widespread form of protest, particularly among the political
prisoners in a country, such as Turkey, which has an experi-
ence of living under prolonged terms of authoritarian rule.
There are a few WKS cases due to hunger strikes reported
before (Devathasan & Koh, 1982; Frantzen, 1966; Pentland &
Mawdsley, 1982), in addition to 52 cases in a Singapore pris-
oner-of-war camp (De Wardener & Lennox, 1947). The
Turkish experience has more widely been reported (Basoglu
et al, 2006; Durmaz et al, 2020; Giirvit et al., 1997; Oge
et al., 2000; Sahin et al., 2002; Unlu et al., 2006).

The core feature of KS is an amnestic state. Although fre-
quently accompanied by other signs, as stated above, the
amnestic state may be seen in isolation in some patients. In
KS, it is not the hippocampus proper but the critical way sta-
tions of the neural network for episodic memory, including
the mammillary bodies (connected with the hippocampus via
fornix) and dorsomedial thalamic nucleus (connected with
amygdala via amygdalo-thalamic tract and interconnected
with the entire prefrontal cortex) that are damaged (Victor
et al., 1971). Like medial temporal lobe (MTL) amnesia, KS
is characterized by profound anterograde amnesia and severe,
temporally graded, retrograde amnesia, along with relatively
preserved semantic memory, working memory, and implicit
memory types, as well as other cognitive functions (Acker
et al., 1987; Fama et al, 2012; Kopelman, 1995; Kopelman
et al., 2009; Sechi & Serra, 2007).

Associative learning refers to acquiring information about
the associations between two separate stimuli, such as
objects and events from the environment. Once these associ-
ations were learned, responses could be applied to new or
altered stimuli or familiar stimuli presented in a new con-
text, indicating that a process described as generalization has
occurred. Myers et al. revealed distinct patterns of such
learning and transfer in various clinical groups. They
showed that individuals with hippocampal atrophy displayed
spared associative learning but impaired generalization
where they should transfer the learned associations to novel
combinations (Myers et al., 2002, 2003), whereas the patients
with basal forebrain amnesia demonstrated slower initial
learning with spared generalization (Myers et al, 2008).
Similarly, patients with idiopathic Parkinson’s disease (PD),
which entails the disruption of the frontostriatal circuits,
tested on their usual dopaminergic medications, showed
slower learning but spared generalization (Myers et al., 2003;
Shohamy et al., 2006). Such findings from patients with
MTL or basal ganglia (BG) damage indicate that these struc-
tures support separate and parallel learning systems

(Knowlton et al., 1996; Myers et al., 2003). While the cor-
tico-striatal system plays an essential role in the incremental
learning of stimulus-response associations (Knowlton et al.,
1996; Myers et al, 2003; Packard & Knowlton, 2002;
Shohamy et al., 2008; White, 1997), the hippocampal system,
on the other hand, is involved in the formation of flexible,
episodic, stimulus-stimulus representations and is critical for
some forms of more complex learning, such as the ability to
generalize when familiar stimuli are presented in novel com-
binations (Eichenbaum & Bunsey, 1995; Gluck & Myers,
1993; Myers et al., 2002, 2003).

In this study, we worked with a unique group of amnestic
patients with nonalcoholic KS to clarify the role of medial
diencephalic structures in associative learning and transfer
generalization processes, by using two distinct tasks varying
in terms of the task complexity: learning simple vs. complex
associations and subsequently transfer those associations to
novel recombinations in the presence vs. absence of feedback.
Drawing on the evidence for the role of BG and MTL regions
in stimulus-response feedback-based learning and transfer
generalization, we hypothesized that the KS patients would
follow a similar pattern to those previously observed in
patients with hippocampal atrophy (Myers et al., 2002, 2003).

Materials and methods

We report how we determined our sample size, all data exclu-
sions, all inclusion/exclusion criteria, whether inclusion/exclu-
sion criteria were established before data analysis, all
manipulations, and all measures in the study (see Methods
and Participants sections). No part of the study procedures or
analyses was pre-registered before the research was conducted.

Participants

The sample size was determined based on previous neuro-
psychological studies on Korsakoff's patients (Brokate et al.,
2003; dYdewalle & Van Damme, 2007; Phaf et al., 2000).
Twelve KS patients (two females, five from 1996, and seven
from 2000 hunger strike) with a mean age of
39.42 +6.53 years and mean education of 9.92+2.91 years
and 12 healthy control (HC) participants matched on age,
sex, and years of education were included the analysis
(Table 1). Patients were ex-political prisoners in Turkey who
went on hunger strike protesting prison conditions and
experienced prolonged hunger while in prison. Our experi-
ence with these patients, including their initial diagnoses
and follow-ups both while in prison and in our clinic upon
their release, were reported before (De Wardener & Lennox,
1947; Glrvit et al., 1997; Pentland & Mawdsley, 1982). All
neuropsychological, behavioral, and clinical (e.g., ataxia rat-
ing) data reported in this study were collected 10-14 years
after their initial diagnosis. None of the patients had any
current or past diagnosis of psychiatric disorder and/or add-
itional neurological disease. Healthy participants, having no
current or past diagnosis of psychiatric disorder and/or
neurological disease, were recruited from the community.



Table 1. Demographical and clinical characteristics of the sample.
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KS (N=12)
2/10

Gender (female/male) M £ SD (min-max)

Age 39.42 +£6.53 (29-52)
Education (in years) 9.92+2.91 (5-13)
BDI 9.75+3.89 (4-16)
AES-C 28.75+7.86 (19-43)
ICARS 22.17 £15.09 (0-51)

HC (N=12)
2/10
M+ SD (min-max) t p
38.67 +7.13 (30-50) 0.27 0.791
10.83+3.83 (5-15) 0.66 0.516
4.58 +£4.85 (0-13) 2.88 0.009
21.17 £3.38 (18-27) 3.07 0.006

AES-C: clinician version of the Apathy Evaluation Scale; BDI: Beck Depression Inventory; HC: healthy controls; KS: Korsakoff's syndrome; ICARS: International
Cooperative Ataxia Rating Scale; M: mean; SD: standard deviation. Significant results are shown in bold.

All patients and healthy individuals gave written informed
consent and voluntarily participated in the study.

The initial diagnoses and treatment plans of all the par-
ticipants were managed by the senior author (H.G.), who
also conducted follow-up visits in the ensuing years, both in
prison and upon their release, in the Department of
Neurology, Behavioral Neurology and Movement Disorders
Unit of Istanbul Faculty of Medicine, Istanbul, Turkey.

All participants were screened for depression using the
Turkish version of the Beck Depression Inventory-II (BDI-
I1). The cutoff point for BDI-II was 17 (Hisli, 1988). Other
neurologic or psychiatric conditions were also screened to
eliminate any contribution to memory impairment and cog-
nitive deficit for KS patients. Any patient who had a demen-
tia-like cognitive profile (i.e., functional impairment due to
multiple cognitive deficits, such as word-finding and/or
navigational difficulties), or a delusional state as part of the
KS, a co-morbid neuropsychiatric disorder other than KS,
and finally those showing significant recovery in memory as
evidenced by the subjective report and by the objective per-
formance on the Turkish version of the California Verbal
Learning Test-I (Feyzioglu, 2020) were excluded, as we
wanted to include only stable amnestic KS patients for the
clarification of the hypothesis of this study.

The study was approved by the Institutional Review
Board of the Istanbul Faculty of Medicine and followed eth-
ical principles and guidelines established by the Declaration
of Helsinki for the protection of human subjects.

Scales and neuropsychological tests

All participants were administered three versions of the
Apathy Evaluation Scale, a self-rated scale (AES-S), an
informant version (AES-I), and a clinician version (AES-C)
(Marin et al,, 1991), Frontal Systems Behavior Scale (FrSBe)
family form (Grace & Malloy, 2001) and the self-report
BDI-II (Beck et al., 1996). The FrSBe includes questions to
quantify behavioral changes before and after the disease
onset to underline the specific contribution of the disease in
question to the observed behavioral change. Subjects then
underwent a neuropsychological battery, including the
California Verbal Learning Test (CVLT) (Delis et al., 1987),
WMS-R Digit Span (Wechsler, 1987), Tower of London Test
(Shallice, 1982), Wisconsin Card Sorting Test (WCST)
(Heaton et al., 1993), Verbal Fluency Tests and Stroop Test
(Stroop, 1935) tapping episodic memory, attention, working
memory, and executive functions, such as set-shifting, plan-
ning, and response inhibition. Ataxia severity was also

evaluated by the International Cooperative Ataxia Rating
Scale (ICARS) (Trouillas et al., 1997).

Associative learning and transfer generalization tasks

The Concurrent Discrimination and Transfer Task (CDTT)
and Acquired Equivalence Task (AET) are two distinct com-
puter-based paradigms that have been developed by Myers
et al. (2002, 2003) to assess the acquisition of simple and
complex associations, respectively, and transfer generaliza-
tion as well.

The Concurrent Discrimination and Transfer Task (CDTT)
includes two phases, as previously described in Myers et al.
(2002). Phase 1 is the acquisition phase in which subjects see
pairs of objects and learn through trial and error which mem-
ber of each pair is the correct choice (Figures 1A-D). Within
each pair, either color or shape differs, but not both; thus, one
dimension is relevant and one irrelevant. Objects can appear
in either left/right ordering but always in the same pairs. On
each trial, the subject chooses the left or right object by press-
ing a labeled key, and the chosen object is raised to reveal a
smiley face if correct (e.g., Figures 1B,D) or no smiley face if
incorrect. Eight pairs are trained concurrently until a subject
reaches a performance criterion of 16 consecutive correct
responses or to a maximum of 96 trials. Phase 2 begins with-
out warning to the subject and is similar to Phase 1, except
that the irrelevant feature in each object pair is changed (see
Figures 1E-H). Thus, if the red object was rewarded in Phase
1, it is also rewarded in Phase 2 (transfer test), regardless of
its new shape; likewise, if the frame-shaped object was
rewarded in Phase 1, it is also rewarded in Phase 2, regardless
of its new color (for methodological details, see Myers et al.,
2002). Phase 2 continues until the subject makes 16 consecu-
tive correct responses or a maximum of 48 trials. Performance
on both phases is scored as total errors.

The Acquired Equivalence Task (AET) is also a com-
puter-based task consisting of acquisition and transfer
phases, as previously described in Myers et al. (2003). For
each subject, four drawings of a man, woman, girl, and boy
are randomly assigned as antecedent stimuli (Figure 2, Al,
A2, Bl, and B2). Drawings of fish colored red, blue, green,
and yellow are randomly mapped to be consequent stimuli
(X1, X2, Y1, Y2). Each antecedent has three apparent, bin-
ary-valued features: age (adult vs. child), gender (male vs.
female), and hair color (blond vs. brunette); each face shares
exactly one feature with the other face. During each acquisi-
tion trial, participants see a face presented with two colored
fish and press a key to choose the fish paired with that face
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Figure 1. Screen events from sample trials in the Concurrent Discrimination and Transfer Test (CDTT). On each trial in Phase 1 (acquisition), the subject sees a pair
of objects presented in either left-right order, with a prompt “Which object is the smiley face under?” (A,C). Each pair differs in color or shape but not both. The sub-

ject’s chosen object is raised, and if correct, a smiley face is revealed underneath (B,D); otherwise, there is no smiley face. During Phase 2 (transfer generalization),
events are similar, except that the irrelevant features are shifted, but the relevant features stay the same (E,G). Thus, if the correct object in Phase 1 was red but not
gold (A,B), then the correct object in Phase 2 is still red but not gold (E,F). Similarly, if the correct object in Phase 1 was frame-shaped but not mushroom-shaped

(C,D), the same rule applies in Phase 2 (G,H).
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Figure 2. Screen events and stages of the Acquired Equivalence Task (AET). (A) An example of a trial during phase 1. (Left) Stimuli appear. (Right) Participant
responds, and corrective feedback is given. (B) Stages of the AET task. In Phase 1 (acquisition), participants learn which faces “have” which fish. The exact mapping
of faces to antecedents (A1, A2, B1, B2) and fish to consequents (X1, X2, Y1, Y2) was randomized across participants; one example of mapping is shown here. In
Phase 2 (transfer), acquired equivalence is tested by presenting face-fish pairings that were not trained in Phase 1. Acquired equivalence is demonstrated if the
subject chooses the fish previously paired with an equivalent face (e.g., A1 was paired with X2, and A1 and A2 are equivalent, so A2 should likewise be paired with

X2, even though that pairing was not explicitly trained).

(see Figure 2A for a sample screenshot); the chosen fish is
then circled, and corrective feedback is shown. The AET
consists of two phases: acquisition and transfer. The acquisi-
tion phase consists of three stages, as schematized in Figure
2B. In the first shaping stage, participants see trials contain-
ing face Al or Bl together with fishes X1 and Y1 and learn
through trial and error to pair Al with X1 and Bl with Y1.
The second acquisition stage is called the equivalence

training, where maintenance trials with the previous pairs
from the shaping stage are interspersed with new trials con-
taining new faces (A2 and B2), to be paired with fishes X1
and Y1, respectively. Finally, the third acquisition stage is
called the new consequents. The subjects receive mainten-
ance trials on the previously learned pairs, along with train-
ing to pair faces Al and Bl with new fish, X2 and Y2,
respectively. Training continues in each acquisition stage



until subjects reach a performance criterion or a maximum
number of trials; performance is scored as total errors,
summed across acquisition stages. Finally, in the transfer
phase, retention of the information gained in the acquisition
phase is tested, and generalization of this information is
made via a transfer test: Faces A2 and B2 paired with
X2 and Y2 (Figure 2B). There is no feedback during the
transfer phase. Performance in the testing phase is scored as
the percentage of errors on both retention and generaliza-
tion testing.

Statistical analyses

Data were analyzed using SPSS v.24.0 (IBM Corp., Chicago,
IL, USA). A two-sample t-test was performed to determine
group differences for data showing normal distribution on
Kolmogorov-Smirnov tests, while a non-parametric Mann-
Whitney U test was used for data sets without normal distri-
bution or including an outlier. One-way analysis of variance
(ANOVA) with post-hoc Tamhane tests was performed to
compare before and after damage FrSBe scores of the KS
cases with the current scores of HCs. Correct scores from
the CVLT were analyzed with a two-factorial 2 x 3 mixed-
design ANOVA with group (KS and HC) as between-subject
factor, and the number of correct recalls across time [(1)
immediate recall: trial 5, (2) short, and (3) long-delayed cor-
rect recalls of the previously trained words from list A] as
within-subject factor.

Then, patients with KS were assigned to subgroups based
on their Phase 1 performance on the CDTT and AET. To
determine whether subgroups of KS differ from each other
and/or the HCs in the memory measures that indicated a
significant difference in the initial analysis, one-way
ANOVA with post-hoc Scheffé’s test was performed.

Further, additional group comparisons were carried out
to ensure that our patient subgroups regarding hunger
strikes (1996 vs. 2000) were similar concerning neuro-
psychological and clinical variables.

The descriptive statistics for the parametric and non-
parametric data were expressed as “the mean and standard
deviation,” and “median, minimum, and maximum values,”
respectively. The alpha level for the computation of signifi-
cance was set at p < 0.05. Bonferroni correction for multiple
comparisons was applied based on the number of variables
measured per neuropsychological or behavioral test.

Spearman’s correlation was calculated among the ataxia
severity (ICARS total score) and Phase 1 data of the CDTT
and AET. Statistically significant results surviving Bonferroni
correction were reported.
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Results
Demographics and behavioral scales

There were no significant differences between the KS
patients from the 1996 and 2000 hunger strikes in terms of
neuropsychological and clinical measurements, such as
memory, attention, executive functions, stimulus-response
learning, and ataxia severity (all p-values=NS, please see
Table S1 provided in the Supplemental Material).

Tables 1 and 2 summarize demographic and clinical
information for the KS and HC groups. There were no
significant differences between the KS and HC groups in
terms of age [#(22)=0.27, p=NS] and years of education
[£(22) =0.66, p =NS]. Detailed neuropsychological results of
comparisons between KS and HC groups are summarized in
Table 3.

As seen in Table 1, none of the subjects showed clinical
depression, although the KS group demonstrated signifi-
cantly higher depression scores than HCs [#(22)=2.88,
p=0.009, Cohen’s d=1.18]. AES-C scores of the KS group
were higher than the healthy subjects (t=3.07, p=0.006,
d=1.25) yet did not indicate clinically significant apathy
(Andersson et al., 1999; Kant et al., 1998; Marin et al,,
1991). KS group had mild ataxia, as the mean score was
22.17 (15.09) out of a maximum score of 100.

One-Way ANOVA conducted on FrSBe data revealed that
apathy [F(2,33) =12.731, p < 0.001] and executive dysfunction
[F(2,33) =17.979, p<0.001] scores differed among groups,
but disinhibition did not [F(2,33) = 0.7, p=NS]. Post-hoc tests
showed that apathy and executive dysfunction were signifi-
cantly higher after brain damage than before damage measure-
ments in KS cases (Tamhane test, all p-values < 0.001). While
after damage apathy (Tamhane test, p=0.008) and executive
dysfunction scores (Tamhane test, p=0.001) were found to be
greater than HCs’ current scores, there were no significant dif-
ferences between the before damage scores of KS and current
scores of HCs (Tamhane test, p=NS) (Table 2).

Memory

Significant group differences were found in the memory
measurements of CVLT, with the KS group performing
worse on both short and long-delayed recall and response
discrimination (all p-values < 0.001, see Table 3).

A repeated measure ANOVA revealed a significant group
effect [F(1,22) =35.96, p < 0.001, 11P2:0.62] as the KS group
performed worse than the HC group and the significant main
effect of time [F(2,44)=13.6, p <0.001, np2:0.382] indicat-
ing a decay of recollection over time. Pairwise comparison

Table 2. One-way ANOVA results with post-hoc Tamhane test conducted on before and after damage scores on FrSBe for KS group and current scores for HCs.

ANOVA Pairwise comparisons®
KSgp KSap HC
M=+ SD (min-max) M= SD (min-max) M= SD (min-max) F p BD vs. AD BD vs. HC AD vs. HC
FrSBe-A 19.25+2.8 (14-24) 30.17 £ 8.93 (15-46) 19.92 +£4.27 (14-26) 12.73 <0.001 0.004 0.959 0.008
FrSBe-D 21.58 +4.56 (15-29) 22.92 +6.36) (15-33) 20.58 +3.03 (15-25) 0.7 0.504 — — —
FrSBe-ED 27.08 +4.54 (21-34) 42.17 £10.07 (28-65) 26.58 +5.92 (17-35) 17.98 0.001 0.001 0.994 0.001

FrSBe-A: apathy subscale of the FrSBe; FrSBe-D: disinhibition subscale of the FrSBe; FrSBe-ED: executive dysfunction subscale of the FrSBe; HC: healthy controls;
KS: Korsakoff's syndrome; AD: after the damage; BD: before the damage; M: mean; SD: standard deviation.

“Results of the post-hoc Tamhane test. Significant results are shown in bold.
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Table 3. Neuropsychological findings of the sample.

KS (N=12) M+ SD/Mdn (min-max) HC (N=12) M+ SD/Mdn (min-max) Test p
Memory
CVLT 2
Trial 5 10.08 +2.23 14.25+1.29 t=56 <0.001
Learning (trials 1-5) 41.08 £8.91 56.92 + 8.64 t=4.42 <0.001
Short-delayed free-recall 7.25+3.11 12.67 +£2.64 t=46 <0.001
Long-delayed free-recall 6.75+3.42 12.92+2.19 t=5.26 <0.001
Semantic clustering 8.5 (2-21) 13.5 (7-34) U=285 0.010
Total perseverations 9.5 (2-23) 13.5 (7-34) U=68 0.843
Response discrimination 80.08 + 6.40 93.83+7.11 t=498 <0.001
Response tendency 0.25 (-0.4-0.82) 0 (-0.6-0.67) U=57 0.410
Total target 13 (9-16) 15 (12-16) U=325 0.020
Executive function
WCST p°
Categories 4 (1-9) 5.5 (2-10) U=56.5 0.378
% Perseverative errors 16.01 (7-28.9) 13.03 (7-24.2) U=525 0.266
Failures to maintain set 2 (0-5) 1 (0-3) U=34 0.028
TOL N
Total correct 4 (1-7) 5 (3-9) U=48.5 0.178
Total moves 37.5 (13-50) 30 (6-92) U=65 0.713
Total time violations 1 (0-6) 0 (0-5) U=36.5 0.39
Total rule violations (Type I) 0 (0-2) 0 (0-1) U=58 0.443
Total rule violations (Type II) 0.5 (0-3) 0 (0-2) U=485 0.178
Stroop test pd
Interference time (in s) 4733+24.86 33+10.61 t=1.84 0.08
Verbal fluency ¢
Semantic (animals) 19.92+4.8 22.67 +5.28 t=134 0.195
Lexical (letters) 36.25+11.57 46.58+17.33 t=1.72 0.100
Attention and working memory ©
Digit span forward 5 (4-7) 5.5 (5-8) U=435 0.101
Digit span backward 4 (2-5) 5 (3-6) U=38.5 0.052

CVLT: California Verbal Learning Test; DS: digit span; HC: healthy controls; KS: Korsakoff's syndrome; ST: Stroop Test; ToL: Tower of London Test; VF: verbal
fluency; WCST: Wisconsin Card Sorting Test; M: mean; Mdn: median; SD: standard deviation.

Significant results are shown in bold.

Bonferroni corrected alpha level p < 0.006 (0.05/9, according to number of measures per domain).

bBonferroni corrected alpha level p < 0.017 (0.05/3).
“Bonferroni corrected alpha level p < 0.01 (0.05/5).
9No correction applied. p < 0.05.

€Bonferroni corrected alpha level p < 0.025 (0.05/2).

with Bonferroni adjustment revealed significant differences
between trial 5 and short delay recall (p < 0.001) and between
trial 5 and long delay recall (p < 0.001). There was no signifi-
cant difference between short and long-delay recall (p =NS).
Time X Group interaction was not significant [F(2,44) =2.02,
p=0.145, 1,°=0.084], indicating that the short or long
delays do not significantly differ between the groups in terms
of the number of words recalled from learned items. Separate
paired sample t-tests revealed no significant difference
between any pair in the HC group (all p-values > 0.05),
whereas, in the KS group, a significant decay was found from
trial 5 to both the short [#(11) =6.42, p < 0.001, d=1.85] and
long [#(11) =4.49, p=10.001, d = 1.3] delayed recall.

Executive functions, attention, and working memory

As shown in Table 3, there were no significant group differ-
ences on WCST measures, indicating that the KS group
showed a similar ability to the HCs on categorization and
attentional set-shifting. Likewise, performance in the Tower
of London was not significantly different between groups,
indicating that the KS group exhibited intact planning and
reasoning abilities. There were no significant differences
between groups on verbal fluency, Stroop interference, and
digit span measurements (all p-values =NS§).

Acquisition and transfer generalization

CDTT data were analyzed using group (KS vs. HC) as the
independent variable and the number of acquisition errors
(Phase 1) and the number of transfer errors (Phase 2) as
dependent variables. AET data were analyzed using the
number of total acquisition errors (Phase 1) and the per-
centage of either retention or transfer errors (Phase 2) as
dependent variables.

Following prior studies (Myers et al., 2002; Shohamy
et al., 2006), phase 2 (transfer) data from those participants
who failed to reach criterion performance in phase 1 of
CDTT were excluded from phase 2 analysis. Thereby, one
participant from the HC group who could not reach the cri-
terion performance was defined as HC®, whereas the
remaining 11 subjects were defined as HC®". Similarly, five
and seven patients from the KS group were defined as KS“~
and KS*, respectively (see Figure 3). While the KS group
made more phase 1 (acquisition) errors than HCs (KS,
M=22.17, SD=14.81; HC, M =9, SD=6.85; #(22)=2.8,
p=0.011, d=1.14) (Figure 4A), the number of phase 2
(transfer) errors (Figure 4B) were similar between the
groups (KS*, M =2, SD=4.43; HC", M= 1.18, SD=1.25;
U=32, p=0.596). Note that the KS°* patients performed as
well as the HCs during phase 1 (KS, M =11.43, SD=7.55;
HC, M=7.45, SD=4.48; t(16) =1.412, p=0.177).



The same procedure was applied for defining subgroups
regarding acquisition performances on AET. Accordingly,
KS*" (n=5) and HC*" (n=1) participants were excluded
from further analysis (see Figure 3). Three of the five failed
patients were the same persons for both tasks. As seen in
Figure 5A, KS cases made more acquisition errors than the
HCs (KS, M =34.42, SD=18.06; HC, M=10.08, SD=9.37;
t=4.143, p <0.001, d=1.69). To scrutinize this acquisition
impairment in KS patients, we further ran a paired-sample
t-test to compare the stages of the acquisition phase and
found a significant difference between stages 2 and 3
(t=—-3.338, p=0.007, d=—0.96), indicating the number of
the acquisition errors in Stage 3 (M =19.83, SD=11.96) is
higher than in Stage 2 (M =8.67, SD=7.4). KS patients also
made more retention errors (KS*", M =31.75, SD=16.65;
HC*", M=4.04, SD=6; U=1.5, p<0.001, d=—0.7) as
well as transfer errors (KS*", M =39.29, SD=25.78; HC*",
M=8.33, SD=17.08; U=11.5, p=0.011, d=—0.53) than
the HCs (see Figure 5B). Note that, although the KS**
patients reached the criterion performance in phase 1, they
actually made more acquisition errors than the HCs,

CDTT
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o N
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O N A O ©
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Figure 3. Number in each group reaching acquisition criteria for the two tasks.
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indicating impaired acquisition ability (KS, M=21.79,
SD=6.77; HC, M =8.18, SD=6.98; t(16) =3.925, p=0.001,
Cohen’s d =1.98).

Ataxia severity is correlated with acquisition ability in KS

The total ataxia score was not correlated with any CDTT
measures. Still, it was positively correlated with the number
of Stage 3 (New Consequents) errors in AET (Spearman’s
p=0.586, p=0.023, one-tailed), indicating that more severe
ataxia is associated with worse acquisition performance
(Figure 6). Note that since the patients made significantly
different number of errors among the Phase 1 stages of
AET, specifically between the Stage 2 (Equivalence Training)
and Stage 3 (New Consequents) (please see 3.4. Acquisition
and transfer generalization subheading of the Results sec-
tion), errors in Stages 2 and 3 were included separately in
this analysis rather than the total number of acquisition
errors, resulting in Bonferroni corrected alpha level of
p <0.025 (0.05/2).

AET

BKS
mHC

Reached Failed to reach

w

CDTT Phase 2

N W B

-

Transfer Errors #

HC

o

KS

Figure 4. Acquisition and transfer performance on Concurrent Discrimination and Transfer Task (CDTT). (A) Patients with KS (n = 12) made more acquisition errors
than the HC group (n = 12) in Phase 1 (p = 0.011). (B) KS** participants (n = 7) performed as well as HC®" participants (n = 11) in Phase 2 (p = NS). Error bars

denote standard error for each group.
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Figure 5. Acquisition, retention, and transfer performance on Acquired Equivalence task (AET). (A) KS cases (n = 12) made more acquisition errors than HCs
(n = 12) (p < 0.001) in Phase 1. (B) KS** participants (n = 7) showed both reduced retention of previously-learned pairs (p < 0.001) and reduced transfer to new

pairs (p = 0.011) on Phase 2. Error bars denote standard error for each group.
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Figure 6. Spearman’s correlation between the ICARS total score and the num-
ber of errors in stage 3 of the AET. Total ICARS displayed a positive correlation

with the impairment in acquiring new stimulus-reward associations (spearman’s
p = 0.586, p=0.023, one-tailed).

Poor acquisition performance unrelated to verbal
episodic memory impairment

To perform one-way ANOVA among subgroups of KS and
HC subjects in terms of their acquisition performance, five
subjects from the KS group who were able to reach the cri-
terion at both CDTT and AET were defined as KS*, and
seven cases who could not reach the criterion in at least one
of these tasks were assigned to KS™ subgroup. Ten HC sub-
jects were defined as HC" under the same principles. One-
way ANOVA revealed significant differences in various
memory measures in the initial analysis between KS and
HC, including trial 5, learning, short and long-delayed recall,
and response discrimination among subgroups (all p-values
<0.001). Post-hoc tests revealed that there were no signifi-
cant differences between KS* and KS™ subgroups in terms
of their CVLT performance (all p-values=NS); however,
both KS subgroups demonstrated poor performance on the
same measurements compared to HCs (all p-values <0.001;
see Table 4).

Discussion

This study aimed to investigate the two phases stimulus-
learning paradigms in patients with Korsakoft-type dienceph-
alic amnesia. Patients were carefully chosen KS patients with
chronic and clinically stable amnesia for at least 10 years,
who also underwent a comprehensive neuropsychological
battery. Based on previous findings revealing the role of BG
and MTL regions in stimulus-response feedback-based learn-
ing and transfer generalization, our main expectation was to
find intact acquisition (phase 1) and impaired transfer (phase
2) in KS amnesia, as previously shown in the patients with
hippocampal atrophy. Cognitively, our KS patients demon-
strated an isolated amnestic profile, displaying a prominent
impairment in episodic memory with preserved attention
and executive functions, regardless of the hunger strike
period (1996 vs. 2000). However, contrary to our expectation,
the findings indicate a dichotomy between the KS patients in
terms of acquiring the simple associations on CDTT. While

Table 4. One way ANOVA and post-hoc Scheffé results of subgroups on CVLT measurements.

Pairwise comparisons

KS* (n=5) HC (n=1

KS™ (n=7)

KS™ vs. HC" KS* vs. HCT

KS™ vs. KS™

One-way ANOVA

3/7

2/3
M=SD
10.2+2.95

0/7

Gender (female/male)

Trial 5

0.006
0.005

0.002

0.985

<0.001
<0.001

11.68
11.94
10.67
14.38

20.57

141+£1.37

10+£1.83

0.002

0.999
0.97

59+7.6
13.1+£26
13.3+2.16

41.2+12.26

41+6.73
7.43+3.05

Learning (trials 1-5)

S-DR
L-DR

0.005
0.01
<0.001

0.004
<0.001
<0.001

0.001
<0.001
<0.001

7+3.54
7.8+3.56

0.581

6+3.37

80.86 + 8.28

0.863

96 +4.74

79+2.74

Response discrimination

L-DR: Long-delayed free-recall; S-DR: Short delayed free-recall; KS*: KS subjects that were able to reach the criterion at both CDTT and AET; KS™: KS cases that could not reach the criterion in at least one of the CDTT or

AET; M: mean; SD: standard deviation.
Bonferroni corrected alpha level p < 0.01 (0.05/5).



almost half of the patients (5/12) failed to reach the criterion,
the other half (7/12), after successfully acquiring the simple
stimulus-response associations, showed intact transfer to
novel combinations. On AET, the same number of KS
patients (five) failed to reach the criterion in the acquisition
phase of more complex associations. This time, the remain-
ing seven patients who entered the second phase failed both
in retention and, consequently, transfer. Furthermore, these
impairments in KS patients did not relate to the episodic
memory and frontal system measures. In addition to verbal
learning impairment, acquisition and transfer performances
that differ according to task complexity are discussed under
the following subheadings.

Intact acquisition and transfer ability for simple
associations

Seven of the 12 KS patients showed acquisition ability in
simple associations in the CDTT as good as those of HC
participants. These patients, who were available for the
second phase, also showed good generalization in the
CDTT. This pattern of intact acquisition, and in contrast to
our hypothesis, intact generalization is different from previ-
ously observed in MTL patients (Myers et al., 2002) by dem-
onstrating spared transfer ability and is different from the
PD patients (Shohamy et al., 2006) and basal forebrain-type
amnesic patients (Myers et al., 2008) by showing preserved
acquisition ability in simple associations.

Due to the nature of the CDTT paradigm, the simple
associations that had to be learned at the beginning may
have allowed for an implicit transfer generalization without
a conscious recollection of them. We suggest that previous
rewarding of relevant dimension (shape or color) may facili-
tate the transfer by allowing the subjects to choose the cor-
rect answer without any conscious decision. Likewise,
Oudman et al. (2016), manipulating the task with inten-
tional vs. incidental conditions, found that patients with KS
were able to learn routes automatically rather than effort-
tully. Furthermore, retrieval of the previously learned mater-
ial, whether it is learned intentionally or incidentally, could
be implicit (Cubelli et al., 2020). However, to understand
whether the intact CDTT transfer we observed in our KS
patients is indeed implicit, future work is needed in which
patients’ responses should be checked by querying each
choice in transfer trials (e.g., “Why did you choose this one?
“Did you see this pair before?).

On the other hand, observed intact transfer ability differ-
entiates our KS patients from the MTL patients that showed
impaired transfer in previous studies (Myers et al, 2002).
Myers et al. (2003) suggested that mild HA does not impair
initial associations but may affect how those associations are
learned (see Gluck & Myers, 1993). Similarly, medial
diencephalic damage may affect how those associations are
learned and then implemented in a new context, allowing
the patients, once they learn the initial associations, to trans-
fer them in another way, with implicit processes. Although
several studies revealed intact implicit learning in amnestic
patients (Channon et al., 2002; Goshen-Gottstein et al., 2000;
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Graf et al, 1985; Shimamura & Squire, 1984; Squire et al.,
1985; Verfaelllie et al., 2012) and KS patients (Fama et al.,
2006; Hayes et al, 2012; Heyselaar et al, 2017; Oudman
et al., 2011, 2013; Phaf et al, 2000), previous research
showed evidence that implicit contextual learning is impaired
at extended MTL damage including the hippocampus (Chun
& Phelps, 1999), but intact when the damage is selective to
the hippocampal formation (Manns & Squire, 2001). It was
considered that other MTL structures, such as the entorhinal,
perirhinal, and parahippocampal cortices, may be more
important for implicit contextual processing than the hippo-
campus proper or diencephalic structures (Kessels &
Kopelman, 2012; Watson et al., 2012).

On the other hand, continued feedback during the trans-
fer stage of CDTT might have contributed to the successful
transfer ability of our KS patients. If the intact transfer in
CDTT arises from feedback, the subjects’ responses would
be incorrect at the initial exposure of the pairs, then an
increasing number of trials would provide transfer general-
ization by recruiting feedback-learning. However, four of
seven KS patients who reached the criterion finished the
transfer phase at minimum trials (16) without any incorrect
responses, and two made only one error. This favors not
learning from feedback but rather a plausible implicit trans-
fer process, as discussed above.

A distinct pattern of spared generalization despite slower
acquisition is previously reported on basal forebrain amnesia
(Myers et al., 2008). One can wonder whether the underly-
ing mechanism of preserved generalization in both types of
amnesia is based on implicit processes.

However, the other five KS patients unexpectedly failed
to acquire simple associations in the CDTT. We were unable
to interpret this failure with the available evidence, as the
failed group was no different than the succeeded group in
any measures including the ataxia severity.

Impaired acquisition of complex associations correlated
with ataxia severity

Our KS patients showed impairment in the acquisition of
complex associations, in contrast to the previous findings
observed in MTL patients (Myers et al., 2003). This acquisi-
tion impairment in the AET task is partially explainable by
the severity of the cerebellar involvement as measured by
the ICARS. There was a moderately strong positive correl-
ation between the ICARS scores (ataxia severity) and the
Stage 3 scores of the acquisition phase of the AET. Those
five who failed the first phase had higher ICARS scores (28)
than those seven who passed (18). Nonetheless, the compari-
son was not significant, probably due to the small sample
size. Besides its role in associative learning (Drepper et al.,
1999; Timmann et al., 2002), the cerebellum was recently
associated with implicit contextual learning, where repeated
spatial configurations facilitate the navigation and action in
the familiar environment without conscious awareness
(Ulasoglu-Yildiz & Gurvit, 2020). Putting the blame on the
cerebellum is rather an easy solution to explain the observed
finding. As stated in the Introduction, WKS is a two-stage
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process. Wernicke’s encephalopathy is its acute, and
Korsakoff’s is chronic stage. The acute stage may completely
resolve, or residual findings, specifically gait ataxia with
varying severity, may accompany the chronic stage. Thus,
Korsakoff’s stage may either be a pure amnesia or plus gait
ataxia. It has recently become clear that discrete sectors of
the cerebellum are components of parallel large-scale neural
networks, subserving motor and cognitive-emotional func-
tions (for review, see Habas, 2021). Therefore, the severity
of cerebellar involvement as measured by a motor scale can
have parallels in some non-motor functions, especially in
implicit learning that were not tapped by us.

However, the seven patients were also slow to acquire
complex associations with significantly more errors than the
HCs despite reaching the criterion. In contrast, on the
CDTT, the patients who reached the criterion performed as
good as the HCs in phase 1 which consists of simple associ-
ations. This indicates an ability modulated by task complex-
ity, which is preserved in acquiring simple associations but
deteriorates in the more complex ones.

Impaired transfer ability on complex associations

Seven of the 12 KS patients, who were available for the
second phase, showed impairment in generalization in AET.
This double impairment with the slower acquisition of com-
plex associations and defaced generalization is probably a
unique finding specific to KS amnesia.

Previous studies revealed that the MTL patients (Bddi
et al., 2009; Myers et al., 2003), schizophrenia patients (Kéri
et al., 2005), and alcoholics (Mattyassy et al, 2012) were
impaired in transfer generalization, but not in the retention
trials. In contrast, our KS patients displayed poor perform-
ance on retention trials in AET. It appears that the KS
group “immediately forgot” the previously-trained informa-
tion on the AET: the lack of feedback not only disrupted
generalization but also disrupted retention. Unlike CDTT, a
successful transfer is impossible in AET, where the intact
transfer requires retention of the previous associations. For
example, in the transfer phase, the subject should associate
the face with the new consequent (e.g., in the example of
Figure 2, brown-haired man-green fish) using the previous
knowledge of face-face (e.g., brown-haired man is equivalent
with the brown-haired girl) and face-fish (e.g., brown-haired
girl-green fish) associations. Hence, the transfer generaliza-
tion unlikely accomplished by the KS patients, since they are
not familiar with the information presented in novel con-
texts. Thus, our findings indicate that transfer generalization
deficit in pure KS is related to impairment in retention, sup-
porting that the limbic-medial diencephalic structures have a
crucial role in memory retention and, therefore, in flexible
transfer generalization. On the other hand, prefrontal
involvement seems responsible for the transfer generaliza-
tion deficit, where the retention ability is spared in alco-
holics (Mattyassy et al, 2012) and patients with
schizophrenia (Kéri et al., 2005).

Acquisition and transfer impairments in KS show
dependence on task-complexity

Current results indicate a task complexity-related impair-
ment both in acquiring associations and transferring them
under novel recombinations. These findings are similar to
an earlier study by Oscar-Berman and Zola-Morgan (Oscar-
Berman & Zola-Morgan, 1980) which examined visual dis-
crimination learning in KS. The tasks consisted of an easier
task (single stimulus pairs presented one at a time) and a
more challenging task (six pairs were concurrently present).
Both tasks used two conditions: novel and familiar stimuli.
The KS group had equally poor performance in the first
phase of both tasks, where they had to learn the visual dis-
crimination of novel configurations. In contrast, in the
second phase, where they had to discriminate the familiar
configurations, they were as good as the controls on the sin-
gle pairs but significantly worse on the six concurrent pairs
(Oscar-Berman & Zola-Morgan, 1980). We suggest that KS
patients with the isolated amnestic state can acquire simple
associations and subsequently transfer under novel recombi-
nations of familiar stimuli implicitly. On the other hand,
they are slower in acquiring the more complex associations
and cannot retain them when exposed the novel recombina-
tions, making transfer impossible.

In sum, although Korsakoff’s amnesia have been recog-
nized as an episodic memory impairment as seen in MTL
patients, our patients showed a distinct pattern in stimulus-
response learning and transfer generalization than observed
in MTL patients. Previous studies by Myers et al. (2002,
2003) showed that MTL patients acquire stimulus-response
associations but are unable to transfer those associations to
novel conditions where flexible and explicit strategies are
required. However, our findings indicate that unlike MTL
patients, pure Korsakoff’s patients are likely to acquire sim-
ple associations but not the complex ones, which suggest a
task complexity dependent associative learning ability in this
type of amnesia. Our results also reveal that unlike MTL
patients, pure Korsakoff’s patients are likely have intact
transfer ability, which also depends on task complexity.
However, we suggest that they can accomplish transfer trials
via implicit way, without using any explicit strategy.

The major limitation of our study is the relatively small
sample size to be generalizable to adults with KS. Due to the
small number of patients, it would have been ideal to
include twice as many healthy control participants in the
study. On the other hand, studying rarely seen hunger strike
type Korsakoff’s syndrome, which represents a pure amnes-
tic state, constitutes the strength of our work by mitigating
the confounding factors that stem from alcohol consump-
tion and enhancing the reliability of memory measures. A
great majority of the studies on KS have been carried out
with alcoholic patients. Our findings, however, have a sig-
nificant potential to elucidate the role of the medial
diencephalic structures in two-stage behavioral tasks that
recruit different learning and memory strategies by taking
into consideration task complexity. Nevertheless, we admit
that by the strict inclusion criteria we selected, we cannot
claim that our findings are representative of a typical WK



complex, which should include all etiologies, particularly
alcohol-related WKS, for such a claim.

In conclusion, the current study showed that KS patients
displayed varying acquisition and transfer abilities dependent
on task complexity. We argued that (1) our patients with KS
with isolated amnestic state might acquire simple associations
but not the complex ones, which may be associated with cere-
bellar dysfunction, and (2) our KS patients, once they learned
the simple associations, then they succeed in the transfer gen-
eralization of the simpler task presumably implicitly.
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