This study investigated which cognitive deficits
are associated with chronic alcoholism. Neuropsy-
chological profiles and MRI brain structure vol-
umes of 14 patients with Korsakoff's syndrome,
15 patients with chronic alcoholism, and 16
healthy control subjects were compared. The pa-
tients with alcoholism had a normal cognitive per-
formance and normal brain structure volumes.
The patients with Korsakoff's syndrome had per-
formance deficits on tests of memory, visuopercep-
tual, and executive functions, as well as reduced
brain structure volumes. The results suggest that
the cognitive deficits cannot be ascribed to mere
chronic consumption of alcohol. If cognitive defi-
cits are present in patients with chronic alcohol-
ism, this may point to an underlying brain
disorder.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2000; 12:44-50)
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Prolonged heavy alcohol consumption in combina-
tion with severe thiamin deficiency may lead to
Korsakoff ’s syndrome. Fundamental to this syndrome
are profound anterograde and retrograde amnesia. Im-
pairments of visuoperceptual and executive functions
may also be present but are less severe.! There is some
evidence that patients with chronic alcoholism also have
deficits of visuoperceptual and executive functions,>
but few studies have directly compared the cognitive
deficits of the two groups of patients. Nonetheless, this
comparison is important because it would clarify which
deficits are characteristic of Korsakoff’s syndrome and
which reflect chronic alcoholism. This knowledge would
in turn improve our understanding of the cause of
alcohol-related cognitive deficits.

In the classical view, cognitive dysfunctions in alco-
holic Korsakoff’s syndrome develop following thiamin
deficiency.* Subsequent studies have directed attention
to the direct toxic effects of alcohol,>® but it is unclear
which of the cognitive dysfunctions in alcoholic Korsak-
off’s syndrome reflect the effects of chronic alcohol in-
take. For these alcohol-related dysfunctions, the conti-
nuity hypothesis could hold, which states that different
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levels of alcoholism are associated with a continuum of
cognitive impairment.”® The hypothesis predicts that
the degree of cognitive dysfunction is based on the fre-
quency, quantity, and duration of alcohol intake.

Thiamin deficiency presumably causes the patholog-
ical abnormalities characteristically found in Korsak-
off’s syndrome, namely atrophy of subcortical struc-
tures, particularly the thalamus and mamillary bodies."
These abnormalities are assumed to underlie the mem-
ory deficit, whereas other more widespread cortical and
subcortical atrophy may lead to the nonamnesic cogni-
tive deficits.”'? It follows that memory deficits as a result
of atrophy of the thalamus and mamillary bodies are
specifically present in patients with Korsakoff’s syn-
drome and are not found in patients with chronic alco-
holism.

In the present study we compared the cognitive pro-
files of age-, sex-, and education-matched groups of pa-
tients with chronic alcoholism, patients with alcoholic
Korsakoff’s syndrome, and healthy control subjects. We
hypothesized that 1) both the patients with chronic al-
coholism and the patients with Korsakoff’s syndrome
would have deficits of visuoperception and executive
functions, and 2) the patients with Korsakoff’s syn-
drome, but not the patients with chronic alcoholism,
would have memory deficits together with atrophy of
subcortical structures. We expected the severity of the
memory impairment to be correlated with the extent of
the atrophy of these subcortical structures.

METHODS

Subjects

Fourteen patients with Alcohol-Induced Persisting Am-
nestic Disorder (or Korsakoff’s Syndrome; DSM-IV'!
291.1), 15 patients with Alcohol Dependence (DSM-IV
303.90), and 16 healthy control subjects participated in
the study. Patients were diagnosed according to the
DSM-IV criteria by a psychiatrist, independent of neu-
ropsychological test results. The patients were recruited
from specialized departments for patients with Korsak-
off’s syndrome or chronic alcoholism from the Vincent
van Gogh Institute for Mental Health in Venray, The
Netherlands. All patients were abstinent from alcohol
for at least 1 month. The control subjects were recruited
via newspaper advertisements. The control subjects
were screened by a physician, who obtained a detailed
medical history using a semistructured interview and
conducted a physical and mental examination. Also, the
Dutch version of the Symptom Checklist (SCL-90)'*"
and the Dutch version of the Munich Alcoholism Test
(MALT)"*" were administered. Control subjects were
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excluded when any of these assessments yielded evi-
dence for either current or past psychiatric illness, in-
cluding Alcohol Dependence or the use of more than 28
drinks a week (i.e., below the norm of the World Health
Organization for abuse of alcohol for men of 35 standard
consumptions of alcohol-containing beverages per
week'®). Exclusion criteria for all subjects were the pres-
ence of depression; dementia; diabetic mellitus; liver
disease; psychotropic medication; other central nervous
system diseases; and cardiac, pulmonary, or endocrine
diseases that could affect cognitive functioning. Written
informed consent was obtained from all subjects.

Subject characteristics are shown in Table 1. Educa-
tional level was measured on an 8-point scale, ranging
from primary school to higher vocational training and
university degree.'” The three groups were matched for
age, sex, and level and number of years of education.
One-way analyses of variance (ANOVAs) showed that
the groups were similar with regard to age (F=0.20,
df=2,42, P=0.82), educational level (F=1.03, df=2,42,
P=0.37), and 1Q score (F=1.30, df=2,39, P=0.28). To
estimate total lifetime alcohol consumption and mean
weekly consumption, various liquors were converted
into units each given a value of 10 g absolute alcohol
(Table 1). To obtain these data we had to rely partly on
self-report, which may sometimes be unreliable. There
were, however, no indications that there were differ-
ences between the two patient groups with regard to the
indices of drinking history.

Neuropsychological Assessment

Recall from short-term and long-term memory, visuo-
perceptual and perceptuomotor functions, and frontal-
executive functions were assessed by administering the
following neuropsychological tests: Verbal Learning
Task (VLT),'® Stroop Color-Word Test (SCWT),*” Con-
cept Shifting Test (CST),* Letter Digit Substitution Test
(LDST), and Word Fluency.*! All neuropsychological as-

TABLE 1. Subject characteristics

Korsakoff Alcoholic Control
(n=14) (n=15) (n=16)

Age, years 45.6+6.1 46.7+6.2 46.9+5.5
Gender, M/F 12/2 12/3 13/3
Education, level® 25+1.6 3.1+1.6 33+1.6
Education, years 10.8+3.2 10.9=+3.1 11.4x27
1Q score 104.1+14.0 110.6+10.6 110.9+13.0
Alcohol intake

Years 169+7.8 17577 —

Total kg ethanol 1,164 +798 1,339 £632 —

Mean kg/week 0.92+0.42 1.1+0.39 —

Note: Except for Gender, values shown are means =+ SD.
*Measured on an 8-point scale, ranging from primary school to
university degree.
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sessments were conducted by a neuropsychologist who
was blind to the diagnosis.

The VLT was used to evaluate retrieval from short-
term and long-term memory. The reading and color
naming tasks of the SCWT, the number tracking and
letter tracking tasks of the CST (which is a modified ver-
sion of the Trail Making Test),?? and the LDST, which is
a modified version of the Symbol Digit Modalities Test,*
were used to assess visuoperceptual and perceptuomo-
tor functions. The interference task of the SCWT, the
number /letter shifting task of the CST, and Word Flu-
ency were used to assess executive functions.

The shortened form of the Wechsler Adult Intelligence
Scale®* was administered to the patient groups to obtain
a measure of general intelligence, and the shortened
form of an equivalent Dutch intelligence test, the Gron-
ingen Intelligence Test,”” was administered to the con-
trol group for the same purpose.

Magnetic Resonance Imaging

A 3-D volumetric scan (T;-weighted, fast-field echo, TR
24 ms, TE 7 ms, flip-angle 30°, number of averages=2,
FOV 230 mm, resolution 256 X 154) was made with a 1.5-
tesla scanner (Gyroscan ACS-II, Philips). The slice thick-
ness was 1.5 mm and the scan axis was coronal, perpen-
dicular to the intercommissural line. Data were
transferred to a SUN workstation and measurements
were taken by ShowIlmage (developed at the Depart-
ment of Medical Physics, Free University, Amsterdam,
The Netherlands). The delineation between the third
ventricle and the thalamus was made by using a seed
function. The cutoff value for cerebrospinal fluid was
established visually by the rater and adjusted on each
slice. The mamillary bodies were measured in most
cases on four consecutive slices, with reference to an an-
atomical atlas.”® The mamillary bodies appeared on the
first slice as a bulge in the floor of the third ventricle.
This was on average six slices after the first slice on
which the third ventricle was measured. On the next two
slices the mamillary bodies had an ovoid shape, and on
the last slice they were small thickenings in the floor of
the third ventricle or the medial wall of the hypothala-
mus. The left and right mamillary bodies were mea-
sured together.

All measurements were done by one rater. Ten scans
were remeasured; the Pearson correlation coefficient be-
tween the first and second measurement was 0.98 for
the third ventricle and 0.86 for the mamillary bodies.
Data from the MRI scans were not available for one sub-
ject from each of the three groups.

Statistical Analysis
All analyses were conducted by using the SPSS statis-
tical package for Apple Macintosh (version 6.1). Differ-
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ences between the groups on the cognitive tests and the
MRI measures were analyzed in a between-group de-
sign using one-way ANOVA with the Tukey multiple-
comparison procedure to analyze pairwise group dif-
ferences (control vs. Korsakoff subjects; control vs.
alcoholic subjects; and alcoholic vs. Korsakoff subjects).
All tests were two-tailed.

The percentage of subjects with impaired perfor-
mance was determined by computing tentative cutoff
scores derived from age-, sex-, and education-related
standard population norms. The cutoff point was set at
more than 1.28 standard deviations below the mean nor-
mal performance (i.e., the first decile). For this analysis,
performance was clustered in the three domains (mem-
ory, executive functions, and perceptuomotor speed) ac-
cording to the procedure described by van Boxtel et al.”
This was done to improve the robustness of the under-
lying cognitive construct.

Pearson’s correlation coefficients between the cogni-
tive variables and the indices of drinking history and
between the cognitive variables and the MRI measures
were computed for the three groups separately.

RESULTS

Summary statistics for performance on the cognitive
tests for the three groups are shown in Table 2. One-way
ANOVA with the Tukey multiple-comparison proce-
dure revealed significant differences between the pa-
tients with Korsakoff’s syndrome and the control sub-
jects on both immediate and delayed recall on the VLT,
on two of the three measures of executive functions
(Word Fluency and the interference task of the SCWT),
and on one of the five measures of visuoperceptual and
perceptuomotor speed, the LDST (see Table 2). The pa-
tients with Korsakoff’s syndrome had lower scores than
the patients with chronic alcoholism on the VLT and
Word Fluency and tended to have a poorer performance
on the interference task of the SCWT and the LDST. No
significant differences were found between the patients
with chronic alcoholism and the control subjects on any
cognitive measure. All correlations between cognitive
performance and indices of drinking history were non-
significant.

The percentage of subjects with impaired perfor-
mance (in the first decile of normal performance) is
shown in Figure 1. Four patients with Korsakoff’s syn-
drome (29%) had an impairment in all three domains,
whereas none of the subjects in the other two groups
showed an impairment in all three domains.

The volume of the third ventricle was significantly
larger, and the volume of the mamillary bodies signifi-
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TABLE 2. Cognitive performance of patients with Korsakoff’s syndrome, patients with chronic alcoholism, and healthy control subjects

Mean = SD
Korsakoff Alcoholic Control

Measure n=14) (n=15) (n=16) F (df=2,42) P
Verbal Learning Test (number of words)

Immediate recall 28.6+8.4 474+73 484+7.0 32.30 0.000*?

Delayed recall 3.5x27 9.9+3.0 104=+2.8 27.59 0.000*?
Stroop Color-Word Test (seconds)

Reading 55.7+19.2 48.6+9.3 44.1+7.6 2.86 NS

Color naming 63.1+13.9 61.7+11.3 57.0+10.5 1.11 NS

Interference 112.1+31.9 96.8+18.6 89.6+15.2 3.81 0.030°
Concept Shifting Test (seconds)

Number tracking 25.7+6.9 21.7+43 21.3+5.6 2.64 NS

Letter tracking 29.6+8.3 24.6+6.3 259+6.4 2.00 NS

Shifting 42.0+14.6 33.3+99 33.9+8.6 2.75 NS
Letter Digit Substitution Test (number correct) 40.1+10.0 455+8.9 499+93 4.09 0.023°
Word Fluency (number of words) 18.5+6.6 26.7+4.7 24.1+52 8.19 0.0012°

?Significant difference between Korsakoff and Alcohol groups (Tukey honestly significant difference test, P<0.05).
PSignificant difference between Korsakoff and Control groups (Tukey honestly significant difference test, P<0.05).

cantly smaller, in the patients with Korsakoff’s syn-
drome than in the patients with chronic alcoholism and
the control sub]eCtS (Table 3). Differences in the volumes FIGURE 1. Percentage of subjects with impaired performance on
of the two structures between the two latter groups were memory, speed, and executive functions.
nonsignificant. Figure 2 displays MRI images from a pa-
tient with Korsakoff’s syndrome, a chronic alcoholic pa-
tient, and a matched control subject.

There was a significant inverse correlation between
memory performance and third-ventricle volume in the
patients with Korsakoff’s syndrome (R= -0.61, P<<0.05,
for immediate recall; R= —0.59, P<<0.05, for delayed re-
call). The other correlations between cognitive test per-
formance and third-ventricle volume in these patients
were nonsignificant. In the patients with chronic alco-
holism, significant correlations in the expected direction
were found between delayed recall and third-ventricle
volume (R= -0.58, P<0.05). In both the patients with
chronic alcoholism and the control subjects, several of
the timed measures of visuoperceptual functions corre-
lated significantly with third-ventricle volume (ranging
from R=0.55, P<0.05, to R=0.81,P<0.005). No correla- 0
tions were found between test performance and volume
of the mamillary bodies in any of the groups.

100
. Korsakoff
75 = @ Alcohol

[ control
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TABLE 3. Volume of the third ventricle and mamillary bodies in patients with Korsakoff’s syndrome, patients with chronic alcoholism,
and healthy control subjects

Mean = SD
Korsakoff Alcoholic Control
Structure n=13) (n=14) n=15) F (df=2,39) P
Third ventricle (mm?®) 1,749 +473 1,286 +304 1,075+ 351 11.35 0.000*®
Mammilary bodies (mm?) 71+18 104 +22 103+16 12.67 0.000**

?Significant difference between Korsakoff and Alcohol groups (Tukey honestly significant difference test, P<0.05).
PSignificant difference between Korsakoff and Control groups (Tukey honestly significant difference test, P<0.05)

J Neuropsychiatry Clin Neurosci 12:1, Winter 2000 47



COGNITIVE PERFORMANCE

DISCUSSION

Patients With Chronic Alcoholism
The most important finding was that in a well-
controlled study, detoxified patients with chronic alcoholism
had a normal performance on cognitive tasks, even on timed
tasks that have proved to be sensitive to mild cognitive
disorders, including age-associated cognitive decline®
and mild head injury.® On some measures of cognitive
speed, these patients as a group performed somewhat
poorer than the control group, but the differences did
not reach the trend level. These findings suggest that if
severe cognitive impairment is present in chronic alco-
holic patients, this cannot be ascribed to the mere
chronic consumption of alcohol. Instead, the cognitive
impairment may point to an underlying brain disorder
such as Korsakoff’s syndrome. This notion is in accor-
dance with the view that up to now there has been no
convincing evidence for the existence of a dementia syn-
drome that is primarily due to the chronic consumption
of alcohol, i.e., alcoholic dementia.?**°

It is possible that our findings do not apply to the
whole population of patients with chronic alcoholism,
since we studied a select group of patients, those who
had been referred to a third-line medical care service to
undergo detoxification. Further, in the present study
psychiatric or medical comorbidity was controlled for
by applying strict exclusion criteria. Since chronic alco-
holism is characterized by a higher than normal preva-
lence of psychiatric and medical comorbidity, such as
depression and antisocial personality disorder®'”? and
brain trauma and liver disease,*”* it is possible that cog-
nitive impairment due to comorbid conditions is present
in a subset of the chronic alcoholic patients.

Patients With Korsakoff’s Syndrome

Our findings indicate that a substantial minority of the
patients with Korsakoff’s syndrome suffer from a more
widespread cognitive impairment than just memory def-
icit. This finding is in accordance with previous reports.!
These cognitive impairments would appear to be essen-
tial features of Korsakoff’s syndrome, since they were
not present in the patients with chronic alcoholism.

The impairments of executive functions may indicate
involvement of the frontal cortex in Korsakoff’s syn-
drome. Frontal involvement is consistent with certain
clinical features of the syndrome, such as apathy, loss of
insight, and confabulation, which are characteristically
found in patients with frontal lobe disorders.*

There was no evidence of the global intellectual de-
cline described by Jacobson and Lishman.'” The general
intelligence of the patients with Korsakoff’s syndrome
was within the normal limits. This does not imply, how-
ever, that severe cognitive deterioration cannot occur in
patients with chronic alcoholism, since patients with
clinical evidence of dementia were excluded from this
study. Further, it is possible that our findings apply spe-
cifically to male patients with Korsakoff’s syndrome;
there have been some reports indicating greater alcohol-
related cognitive impairment in females,***” and most
of the patients in our sample were male (12 males, 2
females in the Korsakoff group and 12 males, 3 females
in the alcoholic group).

Volumetric Measures and Cognitive Performance

In line with our hypothesis, subcortical pathology, as
indicated by a significantly enlarged volume of the third
ventricle and a significantly reduced volume of the
mamillary bodies, was specific for the Korsakoff group.
The widening of the third ventricle presumably reflects
atrophy of the thalamus, possibly the dorsomedial nu-

FIGURE 2. Coronal T;-weighted MR images through the level of the third ventricle of a normal control subject (left), a patient with
chronic alcoholism (center), and a patient with Korsakoff’s syndrome (right). Note the increased volume of the third ventricle

in the Korsakoff patient.
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cleus. The strong and selective association of the thala-
mus with memory performance indicates the impor-
tance of this structure to the defective memory function
seen in Korsakoff’'s syndrome. In the patients with
chronic alcoholism the volumes of the third ventricle
and the mamillary bodies were in the normal range,
which is consistent with the intact memory performance
of these subjects.

The strong correlations between visuoperceptual and
perceptuomotor speed and third-ventricle volume may
reflect age-related effects, but the age range of the sam-
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ples in this study was too limited for us to investigate
this issue.

CONCLUSIONS

The finding of a normal cognitive performance in
chronic alcoholism suggest that cognitive deficits cannot
be ascribed to the mere chronic consumption of alcohol.
If cognitive deficits are present in patients with chronic
alcoholism, this may well point to an underlying brain
disorder, namely Korsakoff’s syndrome.
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