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Background and objectives: While sex differences in cognitive abilities has been extensively
studied in healthy populations, little is known about these differences in patients with

Korsakoff syndrome (KS).

Methods: We investigated sex differences in verbal episodic memory, inhibition and flexibility

in 25 patients with KS and 25 control participants.

Results: Analysis demonstrated no significant differences between women with KS and men
with KS on episodic memory and flexibility, but higher inhibition was observed in women with
KS compared to men with KS. Regarding control participants, no significant differences were
observed between women and men on inhibition or flexibility, but higher verbal episodic
memory was observed in women compared to men. Verbal episodic memory and flexibility
seem to be equally affected in women and men with KS, whereas inhibition seems to be more

affected in men than in women with KS.

Conclusions and Scientific Significance: Our findings highlight cognitive sex differences in
KS in executive function. Critically, our findings are the first quantitative data about episodic

performances (and cognitive performances in general) of women and men with KS.

Keywords: episodic memory; flexibility; sex differences; inhibition; Korsakoff’s syndrome
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Sex differences in cognitive abilities have been studied intensely in healthy populations
as well as in patients with amnesia, such as in patients with Alzheimer’s Disease. However,
little is known about sex differences in cognitive abilities of patients with Korsakoff syndrome
(KS). This syndrome refers to an acute neurologic syndrome caused by thiamine deficiency,
malnutrition, often in the context of alcohol use disorder 1. Because little is known about sex
differences in cognitive abilities of patients with KS we investigated these differences in the

syndrome.

KS is mainly associated with severe impairment of episodic memory. Previous studies
have consistently demonstrated difficulties in patients with KS to remember the episodic
context in which information was encoded (e.g., where, when, and how an item was previously
encountered) #°. Another characteristic of the decline of episodic memory in KS is
confabulations 1%, i.e., the tendency of patients with KS to construct fictitious memories
without intent to deceive. Although episodic memory impairment has been considered as the
main cognitive characteristic of KS, executive dysfunction has been put forward as another
prominent cognitive impairment in the syndrome 1213, including disinhibition, poor judgment
and planning abilities 4. Patients also tend to demonstrate impairment on neuropsychological
measures of general executive function such as tests of inhibition and flexibility 1°. Taken
together, KS is mainly characterized by decline of episodic memory and, to some extent, by
executive dysfunction; we therefore investigated sex differences for all these cognitive domains

in KS.

Sex differences in episodic memory have been widely investigated for healthy
individuals, and generally speaking, studies suggest that women perform higher than men on
verbal episodic memory tasks . This advantage has been reported in cross-sectional studies
in children, adolescents, and young adults reporting that the female advantage is present in

verbal episodic memory tasks from the age of five onwards which lasts until old age 178,
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Women also tend to demonstrate a superiority in some episodic memory tasks involving non-
verbal stimuli, such as retention of unfamiliar faces °2°. Although women tend to perform at
a higher level than men when the material to be recalled or recognized is verbal, the reverse
can be observed for memory of visuospatial information 22?2, Overall, a higher performance

on tasks of visuo-spatial memory has been observed in men compared to women %,

Sex differences in memory, and cognition in general, have been attributed to social and
biological factors. Social accounts generally assume that most sex differences are a result of
differential socialization of women and men, which influence their roles and behavior in
childhood, as well as their educational and occupational choices during adulthood, and in turn,
cognitive differences 24, In contrast, biological accounts highlight the involvement of biological
factors, such as in levels of sex hormones and genetic factors and their influence on the brain,
in sex differences . Another account of sex differences in cognition is the
Declarative/Procedural Model 8. This model proposes that declarative memory system is tied
to the hippocampus, whose function is known to be enhanced by estrogen which may explain
the advantage of women on tasks of declarative memory in general and 2%, more specifically,

on tasks requiring declarative processing of verbal information.

We focused on episodic memory in KS because decline of episodic memory is
considered as the cognitive hallmark of the syndrome . We also compared sex differences for
inhibition and flexibility because executive dysfunction, especially decline of inhibition and

flexibility, has been considered as a prominent cognitive feature of KS *2,
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Method
Participants

The study included twenty-five patients diagnosed with KS (13 women and 12 men; M
age = 56.56 years, SD = 5.36; M years of formal education = 9.34, SD = 3.05), recruited from
several alcohol-dependence medical units and day-care facilities at Lille and Nantes. As a
control group, we recruited 25 participants without previous or current substance addiction and
without psychiatric or neurological history (13 women and 12 men; M age = 55.56, years, SD
= 5.63; M years of formal education = 9.68, SD = 4.22). The control group was matched with
the KS group according to sex distribution [}%(1, N = 50) = .00, p = 1.00], age [t(48) = .64, p =
.52], and educational level [t(48) = .59, p = .56]. The diagnosis of KS was made by
psychiatrists, using the DSM-IV-TR criteria for alcohol-induced persisting amnestic disorder.
The diagnosis was also based on an extensive history of alcoholism and nutritional depletion,
notably thiamine deficiency. All KS patients were in a chronic (more than one-year post-onset)
and stable condition, but had no confusional Wernicke psychosis at the time of testing or signs
of alcohol-related dementia. Participants freely consented to participate and were free to
withdraw whenever they wished. The study was conducted in compliance with principles

involving human subjects of Helsinki Declaration.

When recruiting participants, we were careful to match women and men with KS
regarding general cognitive functioning as assessed with the Mini Mental State Exam [(M
women= 25.42, SD= 2.19, M men= 24.20, SD= 2.30, t(23)= 1.13, p = .27] and the same
precaution was taken for control participants [(M women= 28.77, SD= 1.36, M men= 29.00,
SD= 1.13, t(23)= .46, p = .65]. We were also careful to match women and men with KS
according to age [(M women= 57.70, SD= 6.08, M men= 55.60, SD= 4.72, t(23) = 1.26, p =

.22] and educational level [(M women= 8.67, SD=2.67, M men= 8.60, SD= 3.95, t(23)= .75, p
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= .46], and the same precaution was taken for control participants [(M age of women = 56.23,
SD=3.78, M age of men=54.83, SD=4.83, t(23)= .61, p = .55; M educational level of women=
9.62, SD= 1.68, M educational level of men= 9.75, SD= 2.06, t(23)= .08, p = .94]. By doing
this, we were careful to ensure that any potential sex differences in patients with KS or control
participants would not be caused by differences in general cognitive ability, age, or educational
level. Note that, by applying these precautions, we excluded six patients with KS and nine
control participants from the original sample (original sample of KS patients= 31, original

sample of control participants= 34).

Procedures

We evaluated episodic memory with the verbal memory test of Grober and Buschke on
which participants were invited to retain 16 words, each of which described an item (e.g., chair)
that belonged to a different semantic category (e.g., furniture). Afterward, participants were
invited, as a distraction condition, to count backwards from 374 in 20s. Counting was followed
by two minutes of free recall; participants were prompted to recall the previously memorized
16 words. As for inhibition, we used the Stroop Color Word Test which consists of three
subtests: word-reading, color-naming and color-word interference. In the word-reading subtest,
participants had to read 100 color names printed in black ink. In the color-naming subtest, they
had to name the color of 100 colored ink squares. In the color-word interference subtest, they
had to name the color of 100 color-words printed in incongruously colored ink (for instance,
the word “red” was written in blue). The interference score was used which is the completion
time for the interference condition minus the average completion time for word-reading and
color-naming; a higher score indicates more interference. As for flexibility, we used the Plus-
Minus task, this following the model of Miyake, Friedman, Emerson, Witzki, Howerter, Wager
2" who considered this task as a reliable evaluation of cognitive shifting (as well as the Stroop

task as a reliable evaluation of inhibition). The Plus-Minus task included three lists, each
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containing 20 numbers. On List 1, participants had to add one to each number, on List 2 they
had to subtract one from each number, and on List 3 they had to add and subtract one
alternately. Participants were instructed to complete the lists quickly and accurately, and list
completion times were measured by a stopwatch. The score referred to the difference between
the time participants needed to complete List 3 and the average time that they needed to

complete Lists 1 and 2 (the higher the score, the lower the shifting).

Results

Scores are summarized in Tablel. We investigated sex differences between patients
with KS and control participants regarding episodic memory, inhibition, and flexibility.
Because data were not distributed normally as observed by Kolmogorov-Smirnov tests, Mann-
Whitney U-test was used for inter-groups comparisons and Wilcoxon's signed-rank test was
used for within-groups comparisons. We provided effect sizes using Cohen’s d: 0.20= small,

0.50= medium, 0.80= large.

No sex differences on episodic memory in KS

Regardless of sex, lower episodic memory was observed in patients with KS (M= 5.32,
SD= 1.34) than in control participants (M= 10.80, SD=1.73) (Z=-6.11, p <.001, Cohen’s d=
3.43). Also, lower episodic memory was observed in women with KS than in control women
(Z=-4.26, p <.001, Cohen’s d= 3.04), and lower episodic memory was observed in men with
KS than in control men (Z= -3.99, p < .001, Cohen’s d= 3.97). Critically, no significant
differences were observed between women with KS and men with KS (Z = -.57, p = .56,
Cohen’s d=.23), but higher episodic memory was observed in control women than in control

men (Z =-2.92, p =.003, Cohen’s d= 1.44).
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Higher inhibition in women than in men in KS

Regardless of sex, lower inhibition was observed in patients with KS (M= 58.24, SD=
11.45) than in control participants (M= 31.40, SD= 10.97) (Z= -5.32, p < .001, Cohen’s d=
2.28). Also, lower inhibition was observed in women with KS than in control women (Z= -
3.24, p <.001, Cohen’s d= 1.64), and lower inhibition was observed in men with KS than in
control men (Z=-3.98, p <.001, Cohen’s d= 3.89). Critically, higher inhibition was observed
in women with KS compared to men with KS (Z=-2.98, p = .003, Cohen’s d= 1.42), but no
significant differences were observed between control women and control men (Z=-.99, p =

.32, Cohen’s d=.40).

No sex differences on flexibility in KS

Regardless of sex, lower flexibility performance was observed in patients with KS (M=
12.24, SD= 6.53) than in control participants (M= 6.29, SD=4.11) (Z=-3.57, p<.001, Cohen’s
d=1.17). Also, lower flexibility was observed in women with KS than in control women (Z= -
2.02, p =.043, Cohen’s d= .86), and lower flexibility was observed in men with KS than in
control men (Z=-2.82, p = .005, Cohen’s d= 1.62). Critically, no significant differences were
observed between women with KS and men with KS (Z= -.38, p = .70, Cohen’s d= .33), or
between control women and control men (Z=-.38, p = .70, Cohen’s d=.15).

[INSERT TABLE 1 APPROXIMATELY HERE]

Discussion

We investigated sex differences in KS regarding verbal episodic memory and executive
function (i.e., inhibition and flexibility). No significant differences were observed between

women with KS and men with KS on episodic memory and flexibility, but higher inhibition
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performance was observed in women with KS compared to men with KS. Regarding control
participants, no significant differences were observed between women and men on inhibition

and flexibility, but higher verbal episodic memory was observed in women than in men.

Countering our hypothesis, we did not find any significant differences between women
with KS and men with KS regarding verbal episodic memory. These findings are important
because decline of episodic memory has been considered as the cognitive hallmark of KS 2,
our findings extend this consideration by demonstrating that the decline of episodic memory
can be observed for both men with KS and women with KS; noteworthy that this assumption
is supported by our findings showing lower episodic memory in women with KS compared
with control women and lower episodic memory in men with KS compared with control men.
At the clinical level, these findings are important because, to the very best of our knowledge,
there is no episodic memory test including normative data about performances of women and
men with KS. Our findings address this gap by providing first quantitative data about episodic
memory performances (and cognitive performances in general) of women and men with KS.
Also, our paper demonstrates how the advantage of women on verbal episodic memory, as
observed in normal aging '8, disappears in KS. In our view, these findings may have
implications for research on sex-differences as our findings illustrate the trajectory of sex-
related performances on episodic memory from normal aging to amnesia. The available
evidence suggests that the advantage of women on verbal episodic memory in normal aging
turns into a disadvantage in Alzheimer’s Disease 23; in other words, and compared with men,
women with Alzheimer’s Disease tend to demonstrate lower verbal episodic memory than men.
As for KS, verbal episodic memory seems to be equally affected in women and men, at least

as observed in our participants.

In addition, we found that flexibility is equally affected in women and men with KS

whereas inhibition seems to be more affected in men than in women with KS. Because
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executive dysfunction has been put forward as a prominent cognitive impairment in KS 1213,
our findings are important as they suggest how executive performances can vary between
women and men with KS according to the considered executive function. Regarding inhibition,
the higher inhibitory performances in women with KS worth consideration as inhibitory decline
has been associated with cognitive decline in general, and more specifically, with perseveration
and impulsivity 2. Our findings therefore suggest less inhibitory-related dysfunctions in

women than in men with KS, at least as observed in our participants.

Regarding control participants, and consistent with our hypothesis, we observed higher
verbal episodic memory performance in women than in men. These findings mirror a body of
research in normal aging suggesting a women advantage for verbal episodic. For instance,
Jorm, Anstey, Christensen, Rodgers ° assessed verbal episodic memory in a cohort aged 20 to
64, reporting that women outperformed men and that the magnitude of this difference did not
vary with age. Women’s advantage for verbal episodic memory was also reported by Maller,
Anstey, Reglade-Meslin, Christensen, Wen, Sachdev 3! who reported that women (aged from
60 to 64 years) outperformed men on a test of verbal learning. Interestingly, research in normal
aging have demonstrated no significant differences between women and men regarding
executive function. For instance, Munro, Winicki, Schretlen, Gower, Turano, Munoz, Keay,
Bandeen-Roche, West 3 examined sex differences in a cohort aged from 67 to 89 years. While
women outperformed men on tests of verbal learning and memory, men outperformed women
on tests of visuo-construction and visual perception, interestingly, women and men were
indistinguishable on tests of executive function. Together, our findings mirror evidence
obtained from normal aging demonstrating a women advantage for verbal episodic memory

but no sex differences for executive function.

Possibly, the sex differences on cognitive tests in KS can be explained as being the

result of differential effects of alcohol dependence on brain structure between women and men.
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For instance, Hommer, Momenan, Kaiser, Rawlings 3 observed that women with alcohol
dependence had significantly smaller volumes of grey and white matter than women without
alcohol dependence. These differences, particularly in grey matter, were significantly larger
than those found between men with and without alcohol dependence. In a similar vein, a study
reported lower levels of N —acetylaspartate, a marker of neuronal integrity, in women with
alcohol dependence compared with women without alcohol dependence; however, there were
no differences in the levels of this marker between men with alcohol dependence and men
without alcohol dependence 4. Another study reported cortical atrophy after several months of
abstinence in men with alcohol dependence, but not in women with alcohol dependence *°. The
authors attributed these findings to factors such as smoking in men, or possibly to a more rapid
recovery of cortical brain volume in women. Building on this available evidence, future
research may consider potential relationships between sex-related cognitive performances in
KS and the different consequences of alcohol dependence on brain structure between women

and men.

This paper has several strengths. Because very little is known about sex-differences in
cognitive function in KS, our paper sheds the light on these issues by demonstrating similarities
and dissimilarities in cognitive function between women and men with KS. Another merit of
this paper is the effort that was made to match women and men with KS, as well as control
women and men, according to general cognitive ability, age, and educational level; by doing
this, we were careful to ensure that any potential sex differences in patients with KS or control
participants would not be caused by these factors. Another merit of this paper is that we did
not only investigate the main cognitive hallmark of KS (i.e., decline of episodic memory) but
also executive dysfunction. However, there is one limitation to this study that should be
considered when interpreting our results. We used one test to investigate episodic memory,

inhibition, or flexibility. Future research should address this issue through the assessment of
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several episodic memory facets, such as memory for visuospatial information or source
memory. The same thing can be said for inhibition and flexibility as these cognitive processes

should be investigated with several tests.

To summarize, sex differences in cognition have long been a topic of intense interest.
Regardless of the social and biological debates concerning the basis of any sex differences,
these differences do exist. As demonstrated by our findings, these differences exist for
inhibition but not for episodic memory or flexibility. This is however a preliminary assumption

and further work remains to be done to test cognitive sex-differences in KS more fully.
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