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Ventricular Size, Cognitive Function and
Depression in Patients with Multiple Sclerosis
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ABSTRACT: The purpose of this study was to explore further the hypothesis that changes in cognitive function may
occur in the mild stages of multiple sclerosis (MS) by determining whether ventricular enlargement was related to cog-
nitive function. Ten measures of ventricular size were made in a sample of 123 MS patients with mild disability and 60
well-matched healthy controls. In addition, sixteen tests of cognitive function and the Beck Depression Inventory were
administered. For the MS group, there were significant correlations between the ventricular measures and cognitive
performance but not for the normal controls. Scores on the Beck Depression Inventory were not correlated with either
cognitive performance or ventricular enlargement. These findings suggest that for the MS group cognitive impairment
was related to the disease process but not to the level of depression.

RESUME: Taille des ventricules, fonction cognitive et dépression chez les patients atteints de sclérose en
plaques. Le but de cette étude était d’explorer davantage I’hypothése selon laquelle des changements dans la fonction
cognitive peuvent survenir aux stades peu séveres de la sclérose en plaques (SEP) en déterminant si I’augmentation de
la taille des ventricules était reliée a la fonction cognitive. Dix mesures de la taille ventriculaire ont été faites chez un
échantillon de 123 patients atteints de SEP, qui avaient une invalidité peu sévere, et 60 contrbles sains bien appariés.
De plus, seize épreuves de fonction cognitive et le questionnaire de Beck ont été administrés. Chez le groupe de
patients atteints de SEP, il y avait des corrélations significatives entre les mesures ventriculaires et la performance cog-
nitive qui n’étaient pas présentes chez les contrdles normaux. Les scores au questionnaire de Beck n’étaient pas cor-
relérs a la performance cognitive ou a I’augmentation de la taille des ventricules. Ces résultats suggérent que, chez le
groupe de patients atteinte de SEP, Iatteints cognitive était reliée au processus morbide et non au niveau de dépression.
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Although cognitive impairment including dementia is well-
recognized in multiple sclerosis (MS) when patients are dis-
abled, there is an increasing body of evidence suggesting that
cognitive impairment may also be present in the early or mild
stages of this disease.'-* Studies have compared a sample of nor-
mal controls with MS patients in the early stages of disease and
reported differences on tests of memory, learning or attention.'*
In such studies the establishment of a direct causal relationship
is confounded by other variables which may be secondary
effects of MS. For example, in response to the diagnosis of MS,
individuals may become depressed'®'? and poorer performance
in tests of memory, learning and attention have also been associ-
ated with depression.'* These mood problems may become
exacerbated during the actual testing. In contrast, normal sub-
jects may view the testing as a challenge to their intellect and be
highly motivated to perform well. Therefore, a more convincing
argument that these cognitive changes are truly direct effects of

the disease process is to show there is a relationship between
measures of cognition and pathological changes within the
brain. Conversely, one should also show that for these patients
relationships do not exist between the level of depression, cog-
nitive function and pathological changes within the brain. To
further support this argument, the found relationships between
changes within the brain and cognitive performance should not
be present within a normal sample. Two measures of brain
pathology which have been employed in the past are ventricular
enlargement and lesion load as determined by computerized
tomography (CT) or magnetic resonance imaging (MRI). The
published studies examining the relationship between these
measures of brain pathology and cognitive function have con-
fined their sampling to MS patients.3-'*'> There are, however,
other studies suggesting that with normal aging ventricles may
enlarge or periventricular lesions may appear.'®'? Hence, if
there is no control group in a study, one cannot be assured that
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the found relationships are a function of the disease process and
not normal aging as memory functions also appear to decline
with normal aging.?0:2!

The purpose of the current study was to examine the relation-
ship between measures of ventricular size, cognitive ability and
depression in a sample of MS patients with mild clinical symp-
toms and a well-matched sample of healthy controls. Rather
than use a global measure of ventricular size such as the ventri-
cle brain ratio, ten different aspects of the ventricular system
were measured. The reason for this approach was that in MS
patients there may be different effects on the ventricular system
dependent upon the site(s) of the lesion. The effects of lesions
upon cognitive functions may also be site-related and hence,
may have different effects on cognitive processes among MS
patients. Therefore, the patients were assessed using a compre-
hensive battery (16 tests) consisting, in the main, of tests previ-
ously shown to be affected by MS. In addition, the Beck
Depression Inventory was administered to all subjects.

METHODS

Subjects

The subjects were recruited from the UBC:MS Clinic and
had to meet the following criteria: 1) diagnosis of clinically def-
inite MS with a relapsing/remitting course;?? 2) in remission at
the time of assessment; 3) no other medical diseases; 4) no his-
tory of psychiatric illness prior to diagnosis of MS; 5) no history
of drug or alcohol abuse; 6) medication-free at the time of test-
ing; 7) aged less than 40 at the time of diagnosis (X = 30.7
years) and aged less than 50 at time of assessment (age at time
of diagnosis = 30.7, duration of disease = 5.0 years, number of
relapses per year = 0.99); and 8) a score of less than 6.0 on the
Kurzke Extended disability scale (X = 2.1, SD = 1.3, range 0 -
5.0, frequency of EDSS scores 0 - 1.5, n = 59; 2.0 — 3.5, n = 56;
> 3.5, n = 23).22 Wherever possible, each subject was asked to
recruit a same sex unrelated control with a similar socio-eco-
nomic background. The resulting samples consisted of 123 MS
patients (33 males and 90 females) and 60 controls (17 males
and 43 females). As expected, these two groups did not differ on
age (X = 36.2, 35.7 years for the MS and control groups, t =
0.41) or education (X = 13.6, 13.4 years for the respective
groups, t = 0.61). These procedures were approved by the
University of British Columbia Clinical Screening Committee,
and informed consent was obtained from all subjects.

MRI Scans and Ventricular Measures

All subjects were scanned using a Picker International
Cyrogenic MR 2000 scanner operating at 0.15 Tesla. Images
were obtained using a simultaneous multiple 12-slice spin echo
sequence with a repetition time of 2,000 msec and an echo time
of 60 msec in the transverse plans. From this 12 slice array,
slices were selected such that the size of the ventricular mea-
sures of interest were maximized. These measures were the
areas of the right and left lateral ventricles, the right and left
frontal horns, the right and left occipital horns and the third ven-
tricle as well as the width of the third ventricle, the bifrontal
span and the bicaudate span (10 measures total). These slices
were digitized and calibrated using the Microcomputer Imaging
Device (MCID).?* Areas of interest were outlined by hand using
a track-ball and the area was computed converting the pixel
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count to square centimeters. Width measures were done similarly.
All outlining was done by the same individual who was blind in
terms of cognitive performance and level of depression. Although
initially blind to diagnosis, the lesions in the MS patients were
not disguised.

Psychological Tests

The cognitive tests were administered on the same day as the
scan. Order of presentation was randomized and these tests were
part of a larger battery which also had measures of sensory and
motor functions. The tests were: 1) the Wechsler Adult Intel-
ligence Scale — the best validated test of general intellectual
functions which yields estimates of verbal abilities (VIQ), per-
formance abilities (PIQ) and a composite overall estimate of
intellectual functions (FIQ); 2) a modified version of the
Halstead-Reitan Organicity Battery including shortened forms
of the Halstead Category Test (CAT); the Tactual Performance
Test (dominant speed, TPTd; non-dominant speed, TPT nd;
bilateral speed, TPTb; memory, MEM; and spatial location,
LOC), and the Speech Perception Test (Speech); and 3) a collec-
tion of tests on which MS patients have been shown previously
to perform poorer than normal subjects, namely, the Benton
Visual Retention Test (BVRT), the Word Fluency Test (W.F.),
Trails A and B and paired associate learning (P.A.). With the
exception of VIQ, the tests selected have been shown to be sen-
sitive to cognitive changes in MS samples, typically more clini-
cally disabled than this one. In addition, each subject completed
a Beck Depression Inventory. A description of the neuropsycho-
logical tests is presented in an Appendix.

Analyses

The data were analyzed from three perspectives. First, the
ventricular measures were compared between the two samples
using multivariate analysis of variance procedures and Bon-
feronni corrected t-tests for the individual comparisons. The
purpose of this analysis was to ensure that the MS sample did
exhibit enlargement of the ventricles in comparison to normals.
Any measure where a significant difference in either means or
variance was not found between the controls and the MS
patients was excluded from further analysis. Second, the cogni-
tive measures were compared between the two groups using
identical procedures to those outlined above while the depres-
sion scores were compared using a t-test. The purposes of this
analysis were to determine, one, whether cognitive impairment
was present in the MS group, and two, whether the MS group
was more depressed than the controls. Again, any variable
where a significant difference was not found was excluded from
subsequent analysis. The final and critical analyses were: 1) to
determine whether there was significant relationship between
the measures of ventricular enlargement and the cognitive tests
or the Beck score; and 2) to determine if these relationships are
consistent with or different from those found in normal subjects.
Therefore, correlation matrices of ventricular measures with
cognitive tests and the Beck were calculated. These matrices
were compared in terms of the number of significant correla-
tions. To support the hypothesis that cognitive impairment in
MS patients is related to the integrity of the brain, one must
show that: 1) there is relationship among these measures in MS
patients and; 2) these relationships are not present in normal
subjects; and 3) the level of depression is not related to ventricular
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change or performance on the cognitive tests. In addition, for
the MS group, the EDSS was correlated with the measures of
ventricular enlargement.

RESULTS

Ventricular Measures

The comparison of the MS patients and control subjects on
the 10 measures of ventricular enlargement yielded a significant
multivariate F-value (F1, 10, 172 = 4.00, p < 0.001) with eight
of the ten Bonferonni contrasts being significant. Therefore, one
may conclude that ventricular enlargement was present in the
MS group. These data are presented in Table 1. The only two
measures where the MS group and the controls did not differ in
terms of means were the width of the third ventricle and
bifrontal span. However, for the third ventricle width, the vari-
ance was significantly greater in the MS group (Fieo=19.0,p <
0.001) thus suggesting for a subsample of the MS group, the
third ventricle width was greater. Therefore, only bifrontal span
was excluded from the correlational analyses.

Cognitive Tests

For the 16 cognitive tests, the comparison of the MS group
and the normal controls also yielded a significant multivariate
F-value (Fl, 16, 166 = 2.52, p < 0.002) with 12 of the 16 Bon-
feronni contrasts being significant. These data are presented in
Table 2. Here, one may tentatively conclude that the MS and
control subjects differed in terms of cognitive ability. The four
tests where no differences were found were VIQ, CAT, LOC
and Speech. As no significant differences were found for these
four variables, they were excluded from the correlational analysis.

With respect to the relationship between ventricular enlarge-
ment and cognitive function, for the MS group 29 of the 108
possible correlations were significant (p < 0.05, two-tailed)
whereas for the normal group none of the correlations were sig-
nificant; thus, suggesting that relationship is a function of ven-
tricular enlargement resulting from MS and not a normal phe-
nomenon. Given the number of possible correlations (i.e., 108),
a chi-squared analysis was done to ensure that the number of
found significant correlations in the MS group (i.e., 29) signifi-
cantly exceed chance expectancy (i.e., 6 significant correla-
tions). The chi-squared value was significant (X? = 16.5,df = 1,
p £ 0.0001). Therefore, one may conclude that ventricular
enlargement is significantly related to cognitive impairment in

Table 1. Comparison of Ventricular Measure

Measure/Group MS (n=123) Normals(n= 60) t-value
X S.D. X S.D.

Paired Lateral Left 7.78 2.35 6.65 1.53 3.63"
Right 7.52 197 6.53 1.34 3.52°

Frontal Hom  Left 1.73  0.67 1.43 0.38 3.25"
Right 1.64 0.64 1.36 0.34 3.14°

Occipital Horn Left 273 1.02 1.97 0.49 5.48*
Right 2.53 0.81 1.93 0.43 5.39*

Third: Area 1.24 0.61 0.95 0.36 337
Width 0.58 0.61 0.45 0.14 1.69
Bifrontal Span 339 043 3.39 0.29 0.05
Bicaudate Span 1.14 034 0.99 0.21 3.17

*Significant difference (p < 0.05) between groups using Bonferroni
correction.
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Table 2. Comparisons of Cognitive Tests

Cognitive MS(n=123) Normais(n=60) t-value
Test/Group X S.D. X S.D.
FIQ 1034 110 108.7 11.0 2.99°
VIQ 1055 109 108.0 11.9 1.40
PIQ 100.1 129 108.1 10.8 377
BVRT (errors) 4.0 2.7 3.1 2.2 2.40*
WF 363 107 42.7 10.7 3.70°
CAT (errors) 227 140 20.4 12.5 1.07
TPTd (time) 2.5 1.1 1.9 0.86 3.14°
nd 1.9 1.3 1.5 0.8 2.39*
both 1.1 0.9 0.8 0.5 2.78"
Mem 4.5 1.3 5.0 1.0 2.52*
Loc 3.7 1.7 4.1 1.5 1.32
Speech (errors) 4.3 4.1 3.3 2.3 1.74
Trails A 297 122 25.7 8.0 2.24*
B 64.1  26.1 55.5 17.3 227
PA 442 7.0 47.3 5.5 2.96"
Mem Ob. 12.1 1.7 13.0 1.4 3.33"

*Significant difference (p < 0.05) between groups using Bonferroni cor-
rection

Legend: FIQ, VIQ, PIQ: Full Scale, Verbal and Performance Intel-
ligence Quotients respectively; BVRT: Benton Visual Retention Test;
WF: Word Fluency; CAT: Halstead Category; TPTd, nd, both: Tactual
Performance Test for dominant, non-dominant and both hands; Mem:
memory; Loc: location; Speech: speech perception test; PA: paired
associated learning; Mem Ob.: memory for objects.

MS patients. It should be noted that when variables where no
significant differences were included in these analyses, the chi-
squared tests were still significant (X? = 6.5, df = 1, p < 0.05).
However, for brevity, these data were excluded. The correlations
among these variables for the MS patients are given in Table 3.
The areas with the highest number of correlations were the left
occipital horn (6/12) followed by left paired lateral ventricle
(5/12). Although there was a trend for left-side areas to be more
correlated with test scores than right (12 v/s 6), this difference
was not significant (X? = 1.85, df = 1, p £ 0.18). Finally, it
should be noted that although these correlations were signifi-
cant, their magnitude was not large; the highest value being
0.33. For the cognitive measures, Trail-Making Parts A & B had
the largest number of significant correlations (6/9). In contrast,
for the EDSS, a measure of clinical disability, only one correla-
tion was significant.

Beck Depression Inventory

As expected, the MS patients had significantly higher levels
of depression than the control group (Xms = 7.04, Xcont = 3.62,
t = 4.90, df = 143.10, p £ 0.001). In addition, the variance of the
scores for the MS group was significantly greater (SDms = 5.2,
SDcont = 3.9, Hartley Fmax = 1.72, p £ 0.03). However, for the
MS group, none of the correlations with the ventricular measures
were significant. In fact, no correlation exceeded 0.09. When
the Beck scores were correlated with performance on the cogni-
tive tests, no significant correlations were found for the MS
group. This finding suggests that for this sample, the tests of
cognitive performance and level of depression were independent.

DISCUSSION

The cardinal findings in the current study are that for mild
cases of MS in remission, there is evidence of cognitive
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Table 3. Correlations of Ventricular and Cognitive Measures in MS patients (n = 123)

Cognitive Ventricular Measure
Paired Lateral Frontal Horn Occipital Horn Third Bicaudate
Left Right Left Right Left Right Area Width Span Total Sig.

FIQ -11 ~-.06 11 .07 —-10 -08 -.04 -.09 -02 0
PIQ -.16 -07 04 .04 -.18 -.15 —11 -.13 -.08 1
BVRT Al -01 -03 -04 .09 .08 .06 .18 04 1
WF -228 -212 -08 -08 —.15 —-14 -.08 14 -.08 2
TPTd A1 .10 .00 -03 192 12 17 17 .05 1

nd 10 07 -10 -.10 17 .10 12 200 .07 1

b .08 .06 —-10 —-12 12 .07 270 33¢ -02 2
Mem -23 — 18 -11 -09 -.25b -.16 -.25b -13 -.09 4
Trails A .18 .182 .03 07 200 23 .09 26" 220 6

B 21 192 .06 .09 232 228 .05 265 260 6

PA -.14 -04 09 .09 -13 -.07 -11 .01 -.04 0
Mem Ob. —228 A7 ~218 06 270 13 -2 192 11 5
Total 5 4 1 0 6 2 3 6 2 29
EDSS .14 .12 .14 11 .13 15 27b .14 .14
a:p<0.05 b: p<0.01 c: p<0.001

Legend: FIQ, PIQ: Full Scale and Performance Intelligence Quotients respectively; BVRT: Benton Visual Retention Test; WF: Word Fluency; TPTd, nd,
both: Tactual Performance Test for dominant, non-dominant and both hands; Mem: memory; PA: paired associated leaming; Mem Ob.: memory for objects.

impairment, increased depression and ventricular enlargement.
More importantly, the degree of cognitive impairment is related
to ventricular enlargement but independent of the level of
depression. Therefore, the presence of cognitive impairment
cannot be ascribed to depression but to pathological changes
within the brain. Although the magnitude of the reported signifi-
cant correlation is small, there are a number of reasons why
these correlations may underestimate the strength of the rela-
tionship. The first reason is the fact that this study was designed
to evaluate the effects of MS in the mild stages of the disease.
Therefore, the degree of ventricular enlargement and cognitive
impairment will be limited. Statistically, such limitations in vari-
ability may attenuate the magnitude of correlation coefficients.
Second, ventricular enlargement, at best, is a secondary measure
of disease process in the brain. Specifically, disease activity per
se is found in the white matter and in a variety of sites through-
out the brain. Therefore, this activity may or may not affect ven-
tricular size. A related consideration is in classic neurology,
cognitive functions to some degree are localized in specific gray
matter regions. To date, there is no comparable theory for the
effects of white lesions on cognition. For these reasons, one
should not expect a strong fit between the cognitive measures
and the measures of ventricular enlargement.

A second issue is whether the reported correlations only
reflect the physical aspects of MS as some of the test requires
motor functions. This hypothesis seems unlikely for two rea-
sons. First, the EDSS, a measure of general disability, was only
significantly correlated with one of nine ventricular measures.
Second, the test with the highest demands in terms of tactile and
motor functions, the TPT, had only four significant correlations
of twenty-seven possible. In contrast, for the memory compo-
nent of this test, a non-motor task, four of nine possible correla-
tions were significant.

In conclusion, the results of this study further buttress the
argument that changes in cognitive functions do occur in the
mild stages of MS'-? and these changes are directly related to the
disease process' and are not the result of secondary phenomena
such as depression. The importance of documenting such cogni-
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tive changes in the individual patient should not be underesti-
mated as these changes may impact more dramatically on the
individual’s occupational and social domains than the motor/
sensory effects of MS.

APPENDIX

Description of Neurological Tests

Benton Visual Retention Test (BVRT): The subject is pre-
sented a card with geometric designs for 10 seconds. The card is
removed and the subject is asked to reproduce the designs as
accurately as possible. Scoring consists of errors in reproduction.

Word Fluency (WF): The subject is told a letter of the
alphabet (e.g., F) and asked to give words beginning with that
letter. Three letters are used (FAS) and the subject has one
minute to respond to each letter. Scoring is the total number of
words produced.

Halstead Category (CAT): A series of slide sets are pre-
sented to each subject. Each set has a number concept underly-
ing it. The subject is asked to determine what the concept is
based on selecting a number (range 1-4). Feedback is given in
terms of correct/incorrect responses. Scoring is the total number
of errors.

Tactual Performance Test (TPTd, nd, both, mem, loc):
The subject is blind-folded and asked to place six different
shaped blocks in a form board, first using only the dominant
hand, then the non-dominant hand, and finally both hands.
Subsequently, the subject is asked to reproduce the shape of the
blocks and their position on the board (mem and loc).

Speech Perception (Speech): The subject hears a nonsense
syllable and is asked to select from four options the syllable that
they heard.

Trails A and B: In Trails A, the subject joins numbered dots.
In Trails B, the sequence alphanumeric (e.g., | - A - 2 - B) score
is the time taken to do the task.

Paired Associate Learning (PA): The subject is presented
with twenty word pairs (e.g., cabbage-pen) and then the first
word is presented (e.g., cabbage) and the subject responds with
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the second word of the pair (e.g., pen). The task is repeated
three times. Scoring is the number of correct pairings.

Memory for Objects (Mem Ob): The subject is presented
with 15 common objects for one minute. The subject is then
asked to name the objects. Scoring is the number of correct
responses.
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