Journal of the International Neuropsychological Soci€2904),10, 948—956.
Copyright © 2004 INS. Published by Cambridge University Press. Printed in the USA.
DOI: 10.1017S1355617704107030

Cognitive impairment in relapsing and primary
progressive multiple sclerosis: Mostly a matter of speed
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Abstract

Based on the assumption that cognitive impairment in MS is consistent with subcortical dementia, a battery of
neuropsychological tests was assembled that included measures of executive function (Tower of London and
Wisconsin Card Sorting Test), verbal learning and memory (a paired associates learning test), and speeded
information processing (Stroop Color Word Interference Test). The battery was administered to patients with
relapsing and primary progressive MS and to healthy controls. Differences between patients and controls occurred
on several of the measures. However, when differences with respect to fatigue and depression were statistically
controlled, the only differences that remained significant involved measures relating to the speed of information
processing. Patients performed more slowly than controls, with the disparity being greater for relapsing patients
than for those with primary progressive disease. The slowing was evident on measures of automatic as well as
controlled processing and regardless of whether speed was an explicit feature of successful performance or recorded
unobstrusively while the patient concentrated on planning a correct solution to a problem. Parallels were noted
between cognitive slowing associated with MS and that of normal agiy S 2004,10, 948—-956.)
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INTRODUCTION more poorly than healthy controls on common measures of

- - . . executive function (Arnett et al., 1994, 1997; Beatty & Mon-
The cognitive deficits found in MS often seem as diverse %o 1996 Foong et al., 1997: Heaton et al., 1985; Rao

the sensory and motor symptoms characterizing this disét al., 1987; Ryan et al., 1996). Memory deficits are also
ease (Ryar_1 etal., 1996). The concept of subcortical _demer&'ommon in multiple sclerosis (see reviews by Rao et al.,
tia (Cumdmlngstf:_ Bg_nson_,t 1?4) haz be(ta_n Lljzed to 'tr_np(tﬁ%%; Thornton & Raz, 1997), although the contention that
SOmMe order on this diversily. As a subcortical dementia, g, g6 jnyolve problems of retrieval rather than encoding

cognitive impairment associated with MS would be mainlyand storage has been questioned (Beatty et al., 1988: Car-
characterized by (1) deficits in executive functions such 350l et al.. 1984 Deluca et al.. 1994 1998) SIov;/ing in'the

planning, ap;tracuon, .and strategic problem—solvmg, (Z)Speed of information processing has also been demon-
memory deficits centering more on retrieval than on encod-

. S ; sfrated across a variety of measures (Archibald & Fisk, 2000;
ing and storage processes, and (3) deficits in attention a

overall information processing speed (Caltagirone et al eatly et al,, 1988; Kujala et al, 1994; Laaw et al., 1999;
. . ‘Litvan et al., 1988; Paul et al., 1998; Pujol et al., 2001; Rao
1991; Filley et al., 1989; Fischer et al., 1994; Rao, 1996 J

R tal 1996 etal., 1989; Ryan et al., 1996; Scarrabelotti & Carroll, 1999;
yaneta. h)' P e i all theseVitkOVitch etal., 2002).
d mp_alrmsnt_s tave_t;]an;ch eer;) reporhe mt a fese When studying the impact of MS on cognitive function-
omains. Fatients wi ave been shown to per Om?ng, investigators must take into consideration the signifi-
cant levels of depression that patients often are experiencing.
_ Arnett and his colleagues in particular have demonstrated
Reprint requests to: Douglas Denney, Department of Psychology, 141%1 td . K bstantial tribution to the def
Jayhawk Blvd., University of Kansas, Lawrence, Kansas, 66045. E-mail: 'a epreSS|o'n makes a substantual contribution 0' € aer-
denney@ku.edu icits observed in MS patients on measures of executive func-

948

https://doi.org/10.1017/51355617704107030 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617704107030

Cognitive impairment in MS 949

tion (Arnett et al., 2001) and speeded information processings the first to focus on a comparison of relapsing and pri-
(Arnett et al., 1999). Fatigue is also a common symptom ofmary progressive patients in terms of cognitive functioning.
MS, though its impact on patients’ cognitive performance
is less clearly established. We could find no differences i
performance when a battery of cognitive measures wa
administered during a period of greatest fatigue and a perio& -

of least fatigue in patients’ days (Parmenter et al., 2003). esearch Participants

However, Krupp and Elkins (2000) found patients’ scoresSeventy-one patients (48 females, 23 males) with clinically
on a variety of cognitive measures declined after engagingefinite MS (McDonald et al., 2001) were recruited during
in a lengthy continuous performance task, while those othe course of their regular appointments in the MS Clinic.
controls improved. Studies such as those by Arnett and Krupp\|| patients had been under the care of the same neurologist
highlight the need to distinguish the impact of depressionsharon G. Lynch) for at least 1 year. Those with a history
and fatigue from that of the neurological disease itself, anef drug or alcohol abuse, premorbid psychiatric disorders
this tactic was adopted in the present study. or mental retardation, traumatic head injury, or neurologi-

Finally, patients with MS do not constitute a uniform cal disorders other than MS were excluded. Likewise,
group, and therefore studies featuring a simple comparisopatients deemed too intellectually impaired to comprehend
between MS patients and healthy controls can be deceptivgne instructions for the cognitive tests or the questionnaires
Recent investigations have permitted consideration of difwere excluded. During the course of the clinic appoint-
ferent subtypes of MS based upon disease course; the coffirent, each patient was administered the Expanded Disabil-
mon practice has been either to focus on the single subtypy Status Scale (EDSS: Kurtzke, 1983). The patients ranged
of relapsing—remitting MS or to distinguish between relaps-in age from 23 to 74Nl = 46.7). Length of iliness ranged
ing and chronic progressive patients. In the latter instancefrom 1 to 37 yearsNl = 8.7), and EDSS scores ranged from
the usual finding is that patients with chronic progressivel 5 to 7.0 M = 4.3). The sample consisted of patients with
MS have more pronounced impairment than those withelapsing (31 females, 8 males) or primary progressive (17
relapsing disease, with differences observed in executiveemales, 15 males) disease. The subgroups were compara-
function (Heaton et al., 1985; Rao et al., 1987), memoryple with respect to disabilityt(< 1), although relapsing
(Beatty etal., 1988; Rao et al., 1984) and speeded informgyatients had significantly longer length of iliness than pri-
tion processing (De Sonneville et al., 2002). However, rathemary progressive patientdl(= 10.8vs 6.1;t = 3.0; df
than constituting a uniform category, chronic progressive=68; p = .004) and thus less rapidly progressing disability.
MS itself combines patients with primary progressive and = A healthy control group consisting of 40 subjects (25
secondary progressive disease. These groups differ not onfgmales, 15 males) free of chronic medical conditions was
in the course of their disease, but also in pathology angecruited through newspaper ads, posters, and contacts with
MRI findings (Comi et al., 1995; Filippi et al., 1995; Foong personnel at the medical center. This control group ranged
et al., 2000; Revesz et al., 1994) and perhaps cognitiveh age from 23 to 571 = 44.9).
impairment. One study (Comi et al., 1995) reported impair- Education level was rated on a 6-point scale, witk 1
ment in 53% of a sample of secondary progressive patientsjid not finish high schogl2 = completed high schopB =
compared to only 7% of primary progressive patients.  completed some college credit= completed 4 year col-

In the present study, we compared relapsing and primarjege degree5 = completed some graduate woand 6=
progressive patients, along with a sample of healthy concompleted advanced degree (e.g., masters, doctorBie)

trols. The exclusion of patients with secondary progressiveatings ranged from 1 to 84 = 3.6) for patients and from
MS avoids several problems. By definition, such patientsp to 6 (M = 4.1) for the controls.

have a prior history of relapsing disease that has sub-

sequently converted to a progressive course. They are thus

in a more advanced stage of MS, one that might be expectdfl€éasures

to r_nanifes_t greater cognitiye impairment. FL_thher compli--l-he Tower of London (TOL;

cations arise from the likelihood the conversion to secondy, ., .
. rikorian et al., 1994)

ary progressive status may now be delayed by drugs currentl|3</

available to treat MS. Patients with primary progressiveThe TOL is a test of planning and strategic problem solv-

MS have no prior history of relapsing disease, and thereforeéng, which was computerized for the present study. In the

a comparison between relapsing and primary progressivepper portion of the monitor, the computer displayed three

patients does not necessarily entail a difference in chroniceolored disks and three pegs of varying lengths which could

ity. Relative to relapsing MS, primary progressive diseaséhold either one, two, or all three of the disks. The disks

is typically diagnosed at an older age, with greater equalitywvere in a starting arrangement on the pegs, which was the

between genders; physical disability tends to progress morgame for all problems. In the bottom portion of the screen,

rapidly and eventuate in a more severe outcome; and MRthe computer displayed a model with the disks in a different

studies indicate less inflammation and fewer lesions, espearrangement. The subject’s task was to move the disks in

cially in cerebral areas. To our knowledge, the present studthe upper display so they matched the arrangement in the

ETHODS
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bottom display. Twelve problems were presented, graduThe Paired Associates Learning Test (PALT)

ated in difficulty from those requiring two moves to those .
requiring five moves. At the beginning of each problem, the! "€ PALT was designed for the present study to assess both

subject was told the number of moves permitted to solvdMMmediate recall and delayed recognition memory for ver-

the problem. Subjects were allowed three attempts to solvB2! Stimuli. The test began with the computer displaying a
each problem in the specified number of moves and werédndomized sequence of eight related (e.g., "APPLE-
awarded 3 points for a correct solution on the first attempt"WORM") and eight unrelated (e.g., "GLASSES-BUS")

2 points (second attempt), 1 point (third attempt), or nowo.rd pairs. Subjects were then sho_wn one vvprd from_each
points. The TOL point score was the sum of the pointsPair and asked to recall the word with which it was paired.

across the 12 problems. The computer also measured tHg!iS Procedure was repeated two times. The computer

length of time between the initial presentation of each prob!€corded the number of related and unrelated words cor-
lem and the subject’s first move—regardless of whether théectly reca}lled. After the secon.d trial, the Stroop'was admin-
subject succeeded in solving the problem during this initialStéred to interpose a delay prior to the recognition phase of
attempt. This “initial planning time” was recorded for each the PALT. Subjects were then shown a randomized sequence

problem on the TOL, and mean initial planning times were®f 32 words from the original word pairs and 32 foils. The
computed separately for 2-, 3-, 4-, and 5-move problems.comp“ter recorded the number of words correctly recog-
Y nized during this delayed recognition phase.

The Wisconsin Card Sorting Test Self-report Questionnaires

(WCST; Heaton, 1981) , , _ .
Subjects’ levels of fatigue and depression during the pre-

The WCST is a concept formation test consisting of 128ceding week were assessed using the Fatigue Severity Scale
cards that can be sorted according to color, shape, or nunfFSS: Krupp et al., 1989) and the Center for Epidemiologic
ber. A computerized version of the WCST was used in theéStudies—Depression Scale (CES-D; Radloff, 1977).

present study. The computer displayed a row of four refer-
ence cards on the top of the screen, presented individual
cards for the patient to match to the reference cards, an

provide_d feedback as to whether the placemgnt of the carglyig study was approved by the Human Subjects Commit-
was “right” or “wrong.” After 10 consecutive COITECt tae of the University of Kansas Medical Center. While the
responses, the operable concept was switched. The Comgatient was in the clinic, a research assistant explained the
puter tallied the number of cards sorted, the total number °§tudy and obtained informed consent. Subjects were tested
errors, gnd the percentage of perseverative errors commi&uring a subsequent appointment conducted either in the
ted during the test. clinic or in the subject’s home. During this session, the
subject completed the fatigue (FSS) and depression (CES-D)
The Stroop Color-Word Interference Test ques_tipnnaires and was t.hen administered th.e _battery of
(Stroop, 1935) cognlyve measures in a f!xed sequence consisting of the
TOL, immediate recall portion of the PALT, Stroop, delayed
Acomputerized version of the Stroop was used in the preserigcognition portion of the PALT, and WCST. The testing
study consisting of three 60-s trials during which the sub-Session lasted between 1 and 2 hr.
ject first read color words (word reading), then named the
color of a row of fourX’s (color naming), and finally, named RESULTS
the color of the letters of color words (color-word naming).
In the color-word naming trial, all the stimuli were incon- Table 1 presents the means and standard deviations for the
gruent (e.g., the word “GREEN” printed in blue letters). A two groups of MS patients and the healthy controls on all
brief, eight-stimulus practice set was presented before themeasures. A near significant difference was found between
start of each trial. The stimulus appeared in the center of thehe groups in terms of gendeg{ = 5.7,df = 2, p = .057),
computer screen. The subject gave a verbal response targely because the relapsing groups differed from the pri-
the stimulus (i.e., read the word or named the color), andnary progressive groupy? = 4.4,df = 1, p = .035). Sig-
the experimenter pressed the space bar to display the nemificant differences were found on each of the other variables
stimulus. The computer timed the trial and recorded then Table 1: agef = 4.3,df = 2, 107,p = .02); education
number of stimuli completed during the trial. In addition to level (F = 4.4,df = 2, 108,p = .01); depression = 12.2,
the word reading, color naming, and color-word namingdf= 2, 107,p < .001); fatigue F = 61.6,df = 2, 107,p <
scores, a score reflecting resistance to interference wa®01). Pair-wise comparisons revealed that primary progres-
derived by subtracting a “predicted” color-word naming scoresive patients were significantly older than either the relaps-
from the actual score, as recommended by Golden (1994)ng patients or the controls; they also had a lower education
Because the number of errors committed was very small folevel than the controls. The two groups of MS patients did
all subjects, errors were not analyzed in this study. not differ in depression, but both had higher depression

rocedure
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Table 1. Comparison of MS patients and healthy controls on covariate
and cognitive measures

Group
Primary Healthy
Measure Relapsing progressive controls
Covariate measures
Gender (MF) 8/31 1517 1525
Age: M (SD) 44.0 (9.7) 49.9 (8.1) 44.9 (8.8)
Education:M (SD) 3.8 (1.0) 3.3 (1.9) 4.1 (1.3)
Fatigue:M (SD) 5.6 (1.1) 5.0 (1.4) 2.7 (1.2)
DepressionM (SD) 17.2 (11.0) 13.9 (8.5) 7.2 (6.9)
Cognitive measures*
Tower of London
Point ScoreM (SD) 31.3 (3.3) 31.3 (3.1) 32.6 (2.8)
Initial Planning Time:M (SD) 25.2 (8.3) 21.6 (6.3) 16.0 (5.2)
Wisconsin Card Sorting Test
Total Errors:M (SD) 23.7 (15.7) 32.8 (20.4) 24.5 (19.1)
% Perseverative Errordd (SD) 50.3 (17.0) 54.0 (14.7) 44.7 (13.3)

No. of Cards to SolutionM (SD) 99.4 (22.3) 104.9 (22.1) 96.0 (20.0)
Stroop Color-Word Test

Word ReadingM (SD) 70.6 (12.4) 76.5 (9.2) 91.4 (11.5)
Color NamingM (SD) 58.5 (9.5) 62.7 (8.8) 74.2 (9.4)
Color-Word NamingM (SD) 41.5 (8.6) 45.0 (6.7) 54.4 (8.1)
InterferenceM (SD) 9.5 (5.3) 10.6 (4.3) 13.5 (5.3)
Paired Associates Learning Test
Recall
Related itemsM (SD) 14.2 (1.8) 13.9 (2.9 14.0 (2.2)
Unrelated itemsM (SD) 8.2 (3.9) 6.7 (4.6) 10.0 (4.5)
Delayed RecognitionM (SD) 61.2 (2.1) 60.4 (3.6) 62.1 (2.4)

*All means for the cognitive measures are unadjusted—computed prior to covariance analyses.

scores than the controls. Both groups also had higher fatigute interference = 6.1,df =2, 104,p = .003,32 = .10) on
scores than controls, with the relapsing patients reportinghe Stroop, recall of unrelated items € 4.0,df = 2, 102,
greater fatigue than the primary progressive patients. p =.022,7% = .07) and delayed recognitiofr = 4.3,df =
Because group differences such as these could affect tii 102,p = .017,7%2 = .08) on the PALT. Paired compari-
outcome on the cognitive measures, we applied two analysons conducted on these seven measures revealed that both
sis of covariance models to the cognitive measures. In thgroups of patients performed more poorly than controls on
first, gender, age, and education level were entered as covaall measures except the delayed recognition scores. On this
ates. In the second, depression and fatigue scores were alseasure, only the primary progressive patients scored sig-
entered as additional covariates. The use of two separatgficantly lower than the controls. In addition, relapsing
covariance models made it easier to comprehend the presgmatients performed more poorly than primary progressive
results in relation to previous studies. In both instances, gatients in terms of initial planning times on the TOL and
multivariate analysis was first applied to the full array of 12 word reading, color naming, and color-word naming scores
cognitive measures, followed by separate univariate analysn the Stroop. No differences were found on any of the
ses applied to each measure. principal measures of executive function (i.e., the point score
When gender, age, and education level were statisticallpn the TOL or the scores derived from the WCST).
controlled, the multivariate analysis revealed significant dif- The analyses were repeated with depression and fatigue
ferences between groups on the full array of cognitive meanow included as additional covariates. Under this second
sures £ = 3.1,df = 24, 172,p < .001, Wilks’'sA = .43).  covariance model, the multivariate analysis applied to all
Univariate analyses revealed significant differences on seveh2 cognitive measures was again significaht( 2.2,df =
of these measures: initial planning time € 21.2,df =2, 24, 164,p = .002, Wilks’s A = .58). However, the only
103,p < .001,7n? = .29) on the TOL, word reading~= measures that continued to show significant differences
32.7,df = 2, 104,p < .001,7n? = .39), color namingf = between groups were initial planning time on the T
28.5,df = 2, 104,p < .001,%? = .35), color-word naming 14.5,df = 2, 99,p < .001,n? = .23), and word reading
(F=26.4,df = 2, 104,p < .001,%7% = .34), and resistance (F = 9.8,df = 2, 100,p < .001,n? = .16), color naming
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(F=8.3,df=2, 100,p < .001,5? = .14), and color-word 90 1
naming F = 6.3,df = 2, 100,p = .003,72 = .11) on the — ¢
Stroop. Both groups of patients performed more poorly than
controls on all these measures. In addition, relapsing patients
had slower planning times on the TOL and lower word
reading scores on the Stroop compared to primary progres-
sive patients.

Again using the second covariance model, 3 (groxg)
(problem type) analysis of covariance was performed on
the initial planning times for two-, three-, four-, and five-
move problems on the TOL. Main effects were significant
for group F= 15.1,df = 2, 99,p < .001) and problem
type F = 6.6, df = 3, 297,p < .001), and there was a
significant GroupXx Problem Type interactionH = 4.0, 40 . T .
df = 6, 297,p = .001). This interaction is plotted in Fig- R‘:fg,aa ﬁg,';ﬂ?,fe m';,‘ﬁ:‘;gm
ure 1. All subjects used longer initial planning times as
they attempted increasingly complex problems. However,
the slope of this increase was significantly greater for therig. 2. Number of items completed in 60 s on the word reading,
two groups of patients than for the controls, so differencesolor naming, and color-word naming trials of the Stroop for relaps-
between patients and controls became greater with mori@g (R), primary progressive (P), and control (C) subjects.
complex problems.

Asimilar 3 (group)x 3 (trial) analysis of covariance was
performed on the scores for the three trials of the Stroopeigenvalues greater than 1. This analysis produced a three-
Main effects were significant for grougrE 9.8,df = 2, factor solution accounting for 67% of the variance. The
100,p < .001) and trial E = 16.1,df =2, 200,p < .001), interpretation of these factors is based on the factor loading
and again, the Group Trial interaction was also signifi- matrix presented in Table 2. The first factor, accounting for
cant F = 2.6, df = 4, 200,p = .035). This interaction is 26% of the variance, has loadings on the initial planning
plotted in Figure 2. All subjects completed fewer items astimes from the TOL and on all four measures derived from
the trials advanced from word reading to color naming andhe Stroop. This factor was interpreted3seeded Informa-
then to color-word naming. However, the largest differencetion ProcessingThe second factor (22% of the variance)
between the groups occurred on the word reading task and
the smallest difference occurred on the color-word naming
tqsk. Therefore, the decline in performance across the thre}%ble 2. Factor analysis of the cognitive measures:
trials was greater for the controls than for the patients.  gqiated factor loadings

We subjected the array of cognitive measures to a factor
analysis using a varimax rotation applied to factors with Factor

60

NUMBER COMPLETED

50 7

TRIALS

Information Planful  Verbal

40 7 ProcessingProblemLearning &

—a— C
— e R Speed Solving Memory
w P Percent of Variance 26.5 22.3 18.1
F 307 ’ Cognitive measures
E Tower of London
z Point Score .165 —.585 .022
Z .0 Initial Planning Time -507 —-.299 -.031
< Wisconsin Card Sorting Test
E Total Errors .036 .904 .018
« % Perseverative Errors —.137 .628  —.196
'z'_ 10 No. of Cards to Solution ~ —.109 914  —.069
= Stroop Color-Word Test
Word Reading .863  —.127 .026
0 . . . : . Color Naming 912  —-.132 .003
2 3 a 5 Color-Word Naming 937 —-.215 .084
PROBLEM TYPE Resistance to Interference .590  —.224 131
{No. of moves to solution) Paired Associates Learning Test
Recall (related items) —.082 .020 .859
Fig. 1. Initial planning times averaged across two-, three-, four-, Recall (unrelated items) 206 —.245 812
and five-move problems on the Tower of London for relapsing Delayed Recognition 098 —.033 839

(R), primary progressive (P), and control (C) subjects.
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has loadings on the point score from the TOL and on all Individuals with impaired executive functioning might
three measures derived from the WCST, and was interbe expected to bypass much of this strategic rehearsal and
preted aslanful Problem SolvingThe third factor (18% of impulsively begin moving the disks. The MS patients per-
the variance) has loadings on the three measures derivédrmed in quite the opposite fashion. Furthermore, while
from the PALT and was interpreted slerbal Learning And  requiring longer planning times on the TOL, their solutions
Memory were as accurate as those of controls; no differences were
Factor scores were computed for the three factors usingbserved in point scores. Demaree et al. (1999) reported a
the regression method and then analyzed in accordance witlimilar result using a modified version of the Paced Audi-
the second covariance model. The only significant differ-tory Serial Addition Test. When allowed adequate time to
ence occurred on the first factdf & 14.2,df = 2, 93,p < process the requisite information, patients’ performance was
.001.) Both groups of patients achieved lower scores thaagain as accurate as that of healthy controls, leading these
the controls, and relapsing patients had lower scores thainvestigators to conclude that the deficit was largely con-
primary progressive patients on this factor. Age was a sigfined to processing speed.
nificant covariate in this analysi¢(= 5.9,df=1, 93,p = Other investigators have distinguished between planning
.017), as it was in the analysis of each of the separate meéme and execution time on the TOL (i.e., the time spent on
sures loading on this factor. Whereas no differences betweesach trial before as opposed to after initiating the first move).
groups were found on the other two factor scores, severahrnett etal. (1997) examined “time to first move” and “time
covariates were significant. For the second factor, involv-per move,” and reported significant differences between
ing planful problem solving, the significant covariates wereMS patients and controls on both measures. On the other
age (p = .012), education levelg = .018), and depres- hand, Foong et al. (1997) reported no differences between
sion (p = .001). For the third factor, involving verbal learn- MS patients and controls on either planning time or execu-
ing and memory, the only significant covariate was gendetion time. However, these latter investigators attempted to
(p=.014). “correct” their measures by subtracting values for “motor
Finally, relationships were examined between the cogniinitiation” and “motor execution” time. The correction val-
tive measures and disease-related variables for the patienes were obtained by having the subject re-enact their prior
sample. The scores on each of the three trials of the Strogperformance, mimicking their earlier sequence of moves as
were significantly correlated with both EDSS scores (wordthese were replayed by the computer. Our approach to avoid-
reading:r = —.51; color namingr = —.46; color-word ing confounds stemming from motor impairment was to
naming:r = —.34; all ps < .005) and length of illness have the examiner manipulate the disks in response to the
(word readingr = —.29; color namingr = —.41; color-  subject’s verbal commands. The measure obtained under
word namingrr = —.30; all ps < .02). Partial correlations these conditions, confined to planning time, and recorded
remained significant after fatigue and depression scores wenly during the initial presentation of each of the 12 prob-
removed from the relationship. With one isolated exceptiorlems composing the TOL, appears to be a more refined
(i.e., recall of unrelated items on the PALT), all other cog-index of cognitive slowing—one that reveals substantial
nitive measures were unrelated to disability or length ofdifferences between patients and controls.
iliness. Patients also performed more slowly than controls on
each of the three trials of the Stroop. A fourth measure
reflecting subjects’ ability to avoid distraction posed by the
DISCUSSION incongruity between words and colors was no longer sig-
nificant after controlling for depression and fatigue. The
With the variance attributable to gender, age, and educatiodifferences observed on the Stroop therefore seems to entail
level removed, differences were found on a number of cogsimply the speed with which patients and controls could
nitive measures. However, when the variance attributabl@rocess a succession of visual stimuli and supply the appro-
to fatigue and depression was also removed, only the megriate verbal response to each. As shown in Figure 2, this
sures that loaded on the speeded information processirdjsparity in performance is now greater for the “simpler”
factor continued to reflect differences between patients anttials, a result that appears to contradict the interation found
controls. These differences appeared to be more prosnthe TOL. However, the simpler trials are those that afford
nounced in relapsing than in primary progressive patientssubjects an opportunity to process larger numbers of items
On the initial presentation of each problem on the TOL,in the time allotted. If patients are slower in processing
MS patients took a longer time before making their firsteach item, the disparity is likely to be amplified on these
overt move. During this interval, subjects are typically trials, just as the disparity is amplified on the more complex
rehearsing the sequence of moves that would result in problems of the TOL—those involving a larger number of
solution. The interaction depicted in Figure 1 shows thesteps to solution.
disparity between patients and controls grew as the prob- Previous investigators (De Sonneville et al., 2002; Kujala
lems required more moves to solution, a result consistergt al., 1994; Paul et al., 1998) have raised the distinction
with the notion that patients’ covert rehearsal of each movédetween automatic and controlled processing in consider-
may have occurred more slowly. ing MS-related deficits in information processing speed.
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While impaired on controlled processing tasks, patients are It is also important to consider the question of whether
said to show little or no impairment on automatic process-to covary or not to covary.” The necessity of controlling
ing tasks requiring minimal concentration (Paul et al., 1998for differences with respect to factors such as gender, age,
Scarrabelotti & Carroll, 1999). In the present study, how-and education is obvious: such factors are extraneous to the
ever, performance was slowed on the more automatic wordisease. However, both fatigue and depression are integral
reading and color naming tasks as well as the more confeatures of MS. Fatigue is a common symptom of MS—
trolled processing trial involving Stroop stimuli them- organic to the disease itself. Depression is sometimes viewed
selves. Other investigators (Kujala et al., 1995; Pujol et al.jn a similarly “organic” fashion. To the extent that this is
2001; Vitkovitch et al., 2002) have also reported this out-true, equating samples of patients and controls on measures
come on the preliminary trials of the Stroop. of fatigue and depression risks the removal of some of the
Whereas planning times on the TOL were recorded dureffects of the disease itself.
ing a period of silent contemplation, the Stroop measures The extent to which this issue impacted the outcome of
were obtained when the subject was engaged in a task ladéine present study is gauged by the covariate factors for
with sensory and motor features. It is therefore plausible tdatigue and depression. Fatigue was not a significant covari-
argue that the difference between patients and controls oate in any of the analyses. Depression was a significant
the Stroop reflects problems beyond that of a slowing in thecovariate in two analyses—involving the number of errors
speed of information processing. The fact that patients’ disand the number of cards to solution on the WCST. The
ability status was significantly related to the Stroop mea-outcome for neither of these variables is altered by includ-
sures, but not to those of the TOL, lends support to such aimg or excluding depression as a covariate. Differences
argument. Furthermore, the particular functional system ometween patients and controls on these variables were non-
the EDSS most highly related to the Stroop measures wasignificant in either instance.
the brainstem component, and ratings on this component The one covariate thatassignificant in a number of the
are indeed influenced by several sensory and motor abilianalyses was age. Age-related declines in performance
ties. The ones that would seem to be most relevant to peeccurred on the initial planning times from the TOL, on all
formance on the Stroop are nystagmus, eye movemeribur measures derived from the Stroop, and on the scores
difficulties, and dysarthria. for the speeded information processing factor. This finding
Patients in this study were not screened for any of theseaises the issue of whether the essential impact of MS on
potentially complicating factors. However, based on thecognitive performance is similar to that seen in aging. Kail
physician’s notes pertaining to the EDSS obtained for mos{1997, 1998) has illustrated this similarity in a compelling
of the patients, we were able to subclassify patients accordashion, using Brinley (1965) plots to show that the re-
ing to whether they evidenced these symptoms. Only 3jression between MS patients and controls in terms of per-
patients were noted to have any evidence of dysarthria (ratefdrmance across a number of tasks involving speeded
asmild in 2 andsigns onlyin the 3rd), and their average information processing is similar to the regression of older
scores on the three trials of the Stroop were similar to thesubjects’ performance on that of younger subjects. The asso-
overall means for all patients. Nystagmus and eye moveeiation is further supported on a neurological front through
ment difficulties were more common—present in 38% ofthe demonstration that much of the impact of aging on the
the patients. Furthermore, those evidencing such problen&imate nervous system centers on white matter and includes
had lower scores on all three trials of the Stroop, althoughoss of myelin and microscopic inclusions occurring within
none of these differences was significant. oligodendricytes (Peters, 2002). As Miller (1994) has argued,
We believe that the speed of information processing is dhe most direct impact of reductions in the myelination of
major determinant of the scores on each trial of the Stroomxons resulting either from aging or disease would likely
and that its contribution accounts for the fact that theseentail decline in the speed and efficiency of signal processing.
scores loaded on the same factor as those for initial plan-
ning times on the TOL. Beyond this assertion, it is not
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