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Abstract: Historically, the Wechsler Memory Scales have been one of the most commonly used measures of memory in
clinical neuropsychological evaluations. There are limited published reports, however, analyzing the performance of patients
with multiple sclerosis (MS) on the Fourth Edition of the test. The aim of this investigation was to describe the utility of the
Wechsler Memory Scale-Fourth Edition (WMS-IV) in detecting and characterizing the memory deficits associated with
relapsing-remitting MS. Thirty-four outpatients with clinically definite relapsing-remitting MS were administered the WMS-1V
and Wechsler Adult Intelligence Scale-Fourth Edition (WAIS-IV). Means for age, education, and duration of MS diagnosis
were 43.15, 14.88, and 8.41 years, respectively. Index scores did not differ significantly across the five WMS-IV domains.
Comparison of actual WMS-IV indexes with those predicted by the WAIS-IV General Ability Index revealed that in every
instance predicted index means were significantly higher than actual index means. Only 6 (17.6%) of 34 patients had all five
actual and predicted index scores at comparable levels; whereas, 28 (82.4%) had > 1 actual indexes significantly below the
predicted level. Contrary to prior research using earlier versions of these measures, more patients demonstrated relatively
reduced performances on the WMS-IV Visual Working Memory Index than on the WAIS-IV Processing Speed Index. Results
support the use of the WMS-IV in evaluating learning and memory in individuals with MS. Findings also challenge the notion
that the information processing deficits in MS are more reflective of reduced processing speed than impaired working memory.
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sexual dysfunction, reduced social engagement, and overall
poorer quality of life [8]. Moreover, it has been reported that
memory disorders often are the earliest and most common
adaptive problems associated with MS, regardless of disease
type or duration [9].

Within the clinical milieu, the California Verbal Learning

1. Introduction

Performance of Patients with Relapsing-Remitting
Multiple Sclerosis on the Wechsler Memory Scale-Fourth
Edition (WMS-IV): Preliminary Clinical Findings

Cognitive dysfunction, including memory impairment, has

long been established as a common behavioral deficit in
patients with multiple sclerosis (MS) [1-3], with impairment
prevalence estimates generally ranging from 40 to 65% [4-6].
Such deficits more recently have come to be viewed as one
of the most disabling symptoms of the disease [7], and
detrimental consequences of cognitive impairment may
include premature retirement, increased psychopathology and

Test-Second Edition (CVLT-II) [10] is the instrument of
choice for the assessment of patients with MS-related
memory deficits [11]. The Wechsler Memory Scales,
however, have been among the most widely used memory
batteries for over 65 years and in a relatively recent survey of
neuropsychological practitioners [12], the Wechsler Memory
Scale-Revised (WMS-R) [13] and Wechsler Memory Scale-
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Third Edition (WMS-III) [14] were ranked higher than the
CVLT-II in frequency of test usage. It is reasonable to
assume that the WMS-IV will be ranked higher in test usage
frequency than the CVLT-II if and when the next survey of
neuropsychological practitioners is published.

Multiple studies have investigated the clinical utility of the
WMS-R and WMS-III in characterizing the memory
functioning of patients with MS [15-17]. In general, findings
have revealed mildly reduced performances, overall, but with
considerable variability across individuals. Information
processing deficiencies also are a common form of cognitive
impairment among individuals with MS, and several
researchers have investigated the relative contributions of
processing speed abilities and working memory abilities to
this deficit. Relevant to the current study are the findings of
DeLuca, Chelune, Tulsky, Lengenfelder, and Chiaravalloti
[18] in which the Processing Speed Index (PSI) of the
Wechsler Adult Intelligence Scale-Third Edition (WAIS-III)
[19] was reported to contribute more to deficient information
processing in patients with MS than the Working Memory
Index of the WMS-III.

The Fourth Edition of the Wechsler Memory Scale (WMS-
IV) [20] was intended to supersede its predecessors and, if
past clinical practice patterns of test usage are maintained in
the future, will soon or may already be the most widely
utilized memory battery within the clinical setting. There
exist few published reports, however, describing the clinical
use of the WMS-IV in patients with MS. The present
investigation therefore was undertaken to provide
information on the WMS-IV performance of patients
afflicted with the relapsing-remitting type of MS. The study
tested the three primary hypotheses that (1) patients with MS
will demonstrate significant variability across the five index
scores/memory domains of the WMS-IV, (2) actual index
scores of patients with MS will be significantly below
ability-based predicted index scores at both the group and
individual levels, and (3) primary information processing
deficits in patients with MS will reflect speed of processing
as measured by the PSI of the Wechsler Adult Intelligence
Scale-Fourth Edition (WAIS-IV) [21] as opposed to working
memory as measured by the Visual Working Memory Index
(VWMI) of the WMS-IV.

2. Method

Participants were 34 outpatients (8 males, 26 females) with
relapsing-remitting MS [22] seen at a medical center in the
midwestern ~ United  States  for  routine  clinical
neuropsychological evaluation. All patients were diagnosed
by a board-certified neurologist specializing in MS and were
referred for formal testing to assess potential neurocognitive
impairment. Patients had no medically documented deficits
in vision or upper extremity motor functioning, and all
participants demonstrated adequate visual acuity to read
without any specialized aids other than prescription lenses as
well as sufficient upper extremity/hand motor function to
write without any difficulty. Further, no patients were

actively applying for disability status at the time of their
evaluation. As part of a more comprehensive battery of
measures, each participant was administered the WAIS-IV
and WMS-IV by a psychology technician under the
supervision of a senior clinical neuropsychologist. No
patients were experiencing an exacerbation of illness at the
time of testing; whereas, the majority of participants were
taking prescribed medications. Participants consisted of 33
Caucasians and 1 African American, and 94% of the sample
was right-hand dominant. Means for age, education, and
duration of MS diagnosis were 43.15 (SD=9.19), 14.88
(SD=2.27), and 8.41 (SD=7.18) years, respectively. Means
for the WAIS-IV PSI, WAIS-IV General Ability Index (GAI),
WAIS-IV Full Scale 1Q, and Expanded Disability Status
Scale (EDSS) [23] were 91.24 (SD=15.65), 95.09
(SD=13.91), 93.00 (SD=14.96), and 3.73 (SD=1.44),
respectively. Twenty-three individuals had EDSS scores < 4.5
and 11 had scores of > 5.0.

Pearson correlation coefficients were calculated to
examine the relationships among WMS-IV index scores and
age, education, duration of MS diagnosis, and EDSS scores.
Using table B. 1 (pp. 200-201) provided in the WMS-IV
Technical and Interpretative Manual [24], predicted index
scores were determined based on each patient's GAI score.
Predicted WMS-IV index scores were then compared to
actual index scores. Finally, patient scores on the WAIS-IV
PSI and WMS-IV VWMI were compared mainly by
analyzing the number of individuals with scores > 1 standard
deviation but < 2 standard deviations below the means and >
2 standard deviations below the means. This retrospective
study utilizing archival clinical data received full institutional
review board approval and was conducted in accordance with
the Helsinki declaration and the ethical principles of the
American Psychological Association [25].

3. Results

No significant associations were found among WMS-IV
index scores and patient demographic or disease-related
variables, and only the relationship between the VWMI and
education showed a trend towards significance (p=.10). One-
sample t-tests revealed that across all WMS-IV indexes, the
obtained scores of patients with MS were significantly below
the standard mean of 100, with ¢ values ranging from -4.29 to
-5.58, all ps <.0005.

In order to determine if there was meaningful variability
across the five index scores, a one-way repeated measures
ANOVA was run with indexes as the repeated measure. The
index scores did not differ significantly across the five WMS-
IV domains, F' (4,132)=1.16, p=.331. Table 1 provides means
and standard deviations for GAl-predicted indexes compared
to actual indexes. In all instances, mean predicted indexes
were significantly higher than were actual mean indexes
based on paired samples ¢-tests (all ps <.0005). Comparisons
for individual participants yielded significantly lower actual
versus predicted index scores for 55.9% on the Auditory
Memory Index (AMI), 70.6% on the Visual Memory Index
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(VMI), 52.9% on the VWMI, 64.7% on the Immediate
Memory Index, and 61.8% on the Delayed Memory Index.
Of the 34 participants, six (17.6%) had all five actual and
predicted index scores at comparable levels;, whereas, 28

(82.4%) had >1 actual index significantly below the
predicted level. The distribution of impaired index scores is
presented in Table 2.

Table 1. Means and standard deviations for GAI predicted indexes compared to actual indexes.

Predicted WMS-IV Index

Actual WMS-IV Index

Variable IT; D M sD R Mean Diff.
AMI 97.44 7.49 87.94 14.65 47 9.50%*
VMI 97.21 8.30 87.94 14.94 .59 9.27*
VWMI 96.79 9.27 88.91 15.09 75 7.88%
IMI 96.79 9.27 87.12 15.49 .63 9.68%*
DMI 97.12 8.16 85.56 15.10 49 11.56*

*p <.0005

Table 2. Frequency of impaired index scores for MS patients.

Impaired Indexes Frequency Percentage Cumulative
0 6 17.6 17.6

1 2 59 235

2 4 11.8 353

3 4 11.8 47.1

4 7 20.6 67.7

5 11 32.3 100.0

As expected, the scores of 91.24 (SD=15.65) on the
WAIS-IV PSI and 88.91 (SD=15.09) on the WMS-IV VWMI
were positively and significantly correlated with one another,
r=.63, p <.0005, although the overall means scores obtained
by patients on these indexes were not significantly different.
Nevertheless, by comparison, 6 and 11 individual patients
scored > 1 standard deviation but < 2 standard deviations
below the means on the PSI and VWMI, respectively.
Similarly, 4 and 5 individual patients scored > 2 standard
deviations below the means on the PSI and VWMI,
respectively. Taken together, 29% of patients demonstrated
reduced performances on the PSI; whereas, 47% of patients
demonstrated reduced performances on the VWMI.

4. Discussion

The first hypothesis of this investigation was not supported,
as patients with MS demonstrated similar mean scores across
the five WMS-IV indexes. Failure to find significant index
variability differs from research using the WMS-III. On the
1997 scale, 25 patients had Visual Immediate (81.5) and
Visual Delayed (82.2) indexes that were substantially smaller
than their mean Auditory Immediate (97.7) and Auditory
Delayed (92.8) indexes. It was noted that the WMS-IV
sample had similar mean index scores, yet when cases were
examined individually, 71% earned a VMI significantly
below their ability-based predicted level, but only 56% were
below the ability-based predictions for the AMI [26].
Differences between the current and previous study may
reflect the small samples that were studied (25 versus 34) or
perhaps differences in sample composition in terms of
disease subtype. We assessed patients with the relapsing-
remitting subtype of MS; the WMS-III investigation did not
specify disease subtype. This is potentially important since
disease subtypes may differ in both degree and pattern of

cognitive dysfunction [27]. Finally, results may differ across
studies because of structural and content changes introduced
by the 2008 scale revision.

The second hypothesis was supported in that all five mean
GAl-predicted index scores were significantly larger than the
actual mean index scores, suggesting at least mild
impairment of learning and memory in patients with MS as
measured by the WMS-IV. When individual cases were
considered, the majority of participants demonstrated one or
more domains in which the obtained index was significantly
below the ability-based estimated index. If cognitive
dysfunction is defined as > 2 indexes significantly below the
GAl-predicted indexes, 75.5% of the sample was impaired.
Using a more conservative cut-off of > 3 actual indexes
significantly below the ability-based index estimates
identified 64.7% of participants as impaired. It is noted that
these findings may underestimate the true magnitude of
memory impairment in the present sample. The possibility
exists that the GAIs used to predict WMS-IV indexes were
themselves compromised by the cognitive sequelae of MS. If
the GAI is compromised by the disease process, then the
ability-based predicted memory index value will be reduced,
as well. In a recent investigation, substantial numbers of
patients with relapsing-remitting MS demonstrated possible
intellectual deterioration on the WAIS-IV [28]. In a sample of
40 patients, 55.0% (22/40) of the Verbal Comprehension and
67.5% (27/40) the Perceptual Reasoning indexes, when
combined comprise the GAI, were significantly lower than
premorbid demographically based estimates. On the Full
Scale 1Q, approximately 78% of participants earned scores
that were suggestive of cognitive decline.

The third and final hypothesis not only was unsupported
by the results but was contradictory to expectation based on
prior research. A larger percentage of patients with MS
demonstrated reduced performances on the WMS-IV VWMI
than the WAIS-IV PSI, which therefore would suggest
indirectly that the information processing deficit associated
with MS may be more reflective of reduced visual working
memory than reduced processing speed. This finding must be
interpreted with caution, however, given that the relative
contributions of the PSI and VWMI to information
processing could not be analyzed directly since no
independent measure of this ability was administered in this
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study. As with hypothesis 1, this unexpected finding may be
the result of a change in the 2008 scale revision, which in this
case involved a change from a more general Working
Memory Index to an emphasis on visual stimuli.

These preliminary results have important implications for
practitioners using the WMS-IV in the evaluation of patients
with MS. The primary limitations of this investigation are the
small sample size and the absence of comparison groups,
such as a sample of demographically-matched healthy
controls and/or patients with other medical disorders with
similar neuropathological and behavioral manifestations. In
addition, effort testing was not included as part of the battery

for patients in this sample, which may have influenced results.

Indeed, recent research suggests that a proportion of patients
with MS, in particular those applying for disability status or
having significant depressive symptomatology, may perform
below expectation on performance validity testing [29].
Future research in this area should address these limitations
and consider direct comparison of the WMS-IV with other
measures of memory, in particular the CVLT-II. In addition,
in order to more precisely examine the speed versus accuracy
confound among individuals with MS, future research
paralleling that of Genova, Lengenfelder, Chiaravalloti,
Moore, and DeLuca [30] is critical for assessing the relative
contributions of processing speed abilities and working
memory abilities, as measured by the Fourth Editions of the
WAIS and WMS, respectively, to more pure tests of
information processing, such as the Keeping Track Task
utilized by Genova et al.,, which was lacking in this
investigation.

5. Conclusion

It may be concluded from this study that the WMS-IV is
an effective measure for use in the neuropsychological
evaluation of individuals with MS. The test is sensitive to the
memory disturbances associated with the disorder. The
WMS-IV also may be wuseful in characterizing the
information processing deficits of MS, especially when used
in conjunction with the WAIS-IV.
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