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Abstract

Recent research has demonstrated deficits on effortful executive tasks involving planning in multiple sclerosis (M3)
patients. Given the high prevalence of depression in MS and the commonly reported link between depression and
performance on executive tasks, planning impairments in MS may be asseciated with depression. We compared the
performance of depressed and nondepressed MS patients on a planning task (Tower of London-TOL} o evaluaie
this hypothesis. Compared with nondepressed MS patients, depressed MS patients made significantdy (p << .05)
more moves and took more time per trial on the TOL. A follow-up regression analysis was conducied that included
the TOL and speeded attentional/working memory fask indices found to be associated with depression in MS from
the authors’ prior reports. This analysis revealed that 25% of the variance in depre%im sCOres was pméi" “c% by the
most sensitive speeded attentional /working memory task. Furthermore, this variance overlapped completely with
variance predicted by the TOL~time/irial index, The only clearly nonspeeded task index, TOL-moves per zr‘iai. was

associated with unique variance (8%)
information pro

cognitive deficis

Kevwords: Multiple scle

INTRODUCTION

Many studies have demonstrated a high prevalence of de-
pression in multiple sclerosis (MS) patients (Minden &
Schiffer, 1990). Recent research has also shown that MS
patients perform poorly on cognitively demanding execu-
tive tasks of planning, such as the Tower of Hanoi (Arnett
et al., 1997) and the Tower of London (TOL: Foong et al,,
19993, Because depressed individuals have also been shown
to perform poorly on cognitively demanding executive tasks
{Hartlage et al., 1993), it could be that MS patienis’ plan-
ning {ﬁ}ﬁkuiizei are associated with depression. The present
study was designed to test this hypothesis.

Besides these empirical reasons, there are good concep-
tual grounds for MIS depressives to be impaired on tasks of
planning like the TOL. The TOL is considered a standard
task of executive functioning in the neuropsychological lit-

erature (Lezak, 1995, p. 6573 a common feature to the
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in predicting MS éammxmn scores. These results suggest that siowed
ocessing speed and, secondarily. deficient nonspeeded u—,mm; executive skill. may be core to 1h
characteristic of depressed MS patients. (JINS, 2001,
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tasks on which depressed MS patients have been impaired
relative 1o nondepressed patients in previous reports (€.
Arneti et al., 199%a, 1999b; Beaty, 1998, 1999: Gilch
Creed. 1994; Thomion & Raz. 1997) is that all ésm‘:s%a’
executive functioning. We conceprualized our prior
cognitive functioning and depression in MS in the ¢
of Baddeley and Hitch's ¢ W"“’&"% gwd% of w
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reading span task was highly correlated with performance
on the three speeded attentional tasks we found to be 1m-
paired in depressed MS patients in another report (Amett
et al., 1999a).

Conceptually, the TOL task clearly draws upon the vi-
suospatial sketchpad to hold information in visuospatial
working memory, but performance s ultimately directed
and controlled by the central executive. As Baker et al
(1996} note in an analysis of the TOL, performance on the
TOL involves three discrete cognitive processes. One cog-
nitive process involves sequence selection and evaluation,
another involves a system for representing the intermediate
problem states of the task in visuospatial working memory,
and the third involves a system for manipulation and direc-
tion of attention. The first and third systems are most anal-
ogous to the functions thought to be typical of Baddeley
and Hiteh's {1974) central executive.

In the current study, we compared the performance of
depressed and nondepressed MS patients on the TOL as a
more direct test of whether executive functioning is im-
paired in MS depressives. Additionally, we attempted 10
follow up hypotheses from our previous reports that all of
the tasks that differentiated MS depressives from nondepres-
sives share some common cognitive function such as speeded
information processing or executive skill. We did this by
examining the extent to which variance from the speeded
attentional /working memory tasks previously associated
with depression in MS overlapped with variance in depres-
sion predicted by the TOL indices.

Others have theorized about the conceptual overlap be-
tween speeded attentional /working memory and executive
skills in addition to the likelihood of similar neurcanatomic
substrates associated with these functions (Norman & Shal-
lice, 1986). Borkowski and Burke {1996) have discussed
the mutual reliance attentional and executive functions have
on each other. Furthermore, Cornoldi et al. {1999) have
explored the association between attentional dysfunction in
ADD children and executive impairment (Cornoldi et al.,
1999, Finally, we earlier discussed Engle and Oransky’s
{1999} recent conceptualization of reading span tasks as
measures of central executive processes. Thus, it 1s not un-
usual to consider attentional and working memory tasks as
being fundamentally related to executive functioning {also,
see Luria, 1973).

Most MS srudies have not reported a significant associ-
ation between depression and performance on executive
rasks like the TOL (Fischer et al.. 1994; ¢f., Thomton &
Raz. 1697). One exception 1o this is a study by Gilchrist
and Creed {1994). These investigators reported signifi-
cantly worse performance on Raven’s Progressive Matrices
{Raven. 1960} in depressed compared with nondepressed
MS patients. One limitation of this study, however, is that
sed patients were significantly older than the non-
sed patients and age was not controlied for in the
statistical analyses. Thus, the depressed group may have
performed worse than the nondepressed group due o age-
related cognitive decline rather than depression per se.

PA. Arneti e al.

A far more common finding in the MS literature than
Gilehrist and Creed’s (1994) positive finding is one of no
relationship between depression and executive types of tasks.
Thoraton and Raz (1997) did find a significant relationship
between working memory tasks {e.g.. the PASAT) and de-
pression in a meta-analysis of 10 MS studies. Nonetheless,
reports from individual studies of positive findings are lim-
ited to Gilchrist and Creed’s age-confounded study. We hy-
pothesized in two recent reports (Arnett et al., 1999a, 1999b)
that prior research may have failed to find a significant
relationship between cognitive capacity-demanding tasks
and depression in MS because of a number of shortcomings
including: The use of depression measures (including the
DSM-1V diagnostic criteria) consisting of neurovegetative
symptoms of depression that are also symptoms of MS (e g..
sleep disturbance, fatigue}, exclusion of depressed patients
from tested samples, treatment of depression as a continu-
ous variable, and use of cognitive tests not sensitive 1o de-
pression. In our studies, when we corrected for these
limitations, we found that, compared with nondepressed
patients, depressed MS patients were more impaired on
speeded attentional tasks (Arnett et al., 1999a) and a verbal
working memory task {Arnett et al., 1999b).

Given our previous findings. we again relied on a mood
scale recently developed by Nyenhuis et al. (1998) for use
m MS samples and other medical groups to select de-
pressed and nondepressed groups from our larger MS sam-
ple. Also analogous to our other reports, we used exireme
groups because prior research (see Hartiage et al., 1993)
has indicated that the relationship between depression and
capacity-demanding cognitive functioning most often be-
comes apparent when the depression reaches a certain thresh-
old; that is, the relationship is often non-linear. We predicted
that, compared with nondepressed MS patients, depressed
MS patients would make more moves per trial and take
more time per trial on the TOL. The second goal of our
study was derived from the conceptual overlap between the
TOL as an executive task and the speeded attentional/
working memory tasks we found to be impaired in MS
depressives in our prior reports. I our initial hypotheses
are supported, we plan to explore whether the variance the
TOL and speeded attentional tasks predict in depression is
shared or unigue. Finding that the tasks overlap in the vari-
ance they predict in depression would provide support for
the hypothesis that all of the tasks that differentiate de-
pressed from nondepressed patients have some important
feature in common. In contrast, finding that the TOL pre-
dicts unigue variance in depression compared with the
speeded attentional tasks would support the view that more
than one cognitive process was affected by depression.

METHODS

Research Participants

A subset of the 79 MS participants described in detad
Arnett et al, (1999a) were tested on the TOL. This subset
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consisted of 63 MS participants who were recruited from
neurologists and a local chapter of the MS Society in the
Northwestern United States. Participants were excluded if
they (1) had a history of alcohol/drug abuse or nervous
system disorder other than MS; (23 had severe manual mo-
tor or visual impairment that might interfere with cognitive
testing; (3) had a premorbid history of a learning disability;
(4) could not easily be evaluated at our university because
of severe physical/neurclogical impairment; or (5} did not
live within a convenient distance to one of our testing centers,

All participanis received an extensive neuropsychologi-
cal evaluation as part of an ongoing longitudinal study of
cognitive and emotional functioning in MS. Each MS par-
ticipant was diagnosed as having definite or probable M5
based on Poser et al. (1983} criteria by a board-certified
neurologist who also determined disease course using Lu-
blin and Reingold (1996) criteria. Duration of illness from
symptom onset and from diagnosis, and neurological dis-
ability (Kurtzke Expanded Disability Status Scale, EDSS;
Kurtzke, 1983) were also rated. The EDSS was converted to
questionnaire form in consultation with a board-certified
neurologist and patients rated themselves on this EDSS gues-
tionnaire within 1 week prior 1o testing. The EDSS rating
was then made by an experienced neuropsychologist with
expertise in MS {P.AL) after he received instruction from a
neurologist specializing in MS. It has been more typical in
this liierature to use clinically based assessments of impair-
ment due to MS. Nonetheless, supporting the validity of
our approach, Solari et al. (1993) found that the intraclass
correlation between a patient self-administered version of
the EDSS and neurologists” independent ratings was high
{(.84). None of the patients included in the current swdy
were experiencing a clinical exacerbation at the time of the
evaluation. All participants were provided with a written
neuropsychological screening evaluation and verbal feed-
back in return for their participation. gave informed con-
sent according to institutional guidelines. and were treated
in accordance with the ethical standards of the American
Psychological Association.

The mood subscale from Nveghuis et al.’s {1998) Chi-
ago Multiscale Depression Inventory (CMDID) was used to
define depressed groups. This self-report guestionnaire was

specifically designed for use in MS and other medical pa-
tient groups and has mood, evaluative, and vegetative sub-

scales consisting of 14 items each. Examinees are asked to
rate on a scale of 1 o 5 the extent to which each word or
phrase describes them during Eht’: past w*‘*e%{» including to-
day, where 118 noe ot afl and v. In the interest
of mnimaimsm continuity wa{%} aur {)ﬁ‘?"ii{}iifé reports on this
MS {i.e., Arnett et al, 19992, 19990}, we used the
eafire :nmizzhi MS sample. even those who were not ad-
ministered the TOL 1ask described here, to determine cut-
offs for depressed and nondepressed groups. In this way.
our reporl on this aspect of our data set would be most
comparable to these previous reports,

RBecause the CMDI is a relatively new measure, we as-
sessed depression in three other ways o demonstrate the

518 exireme
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validity of the cut-offs we used by {1} having participants
comaplete one of the most commonly used self-report de-
pression measures, the Beck Depression Inventory (BDI:
Beck & Steer, 1987 ) (2) having participants’ significant
others, when available, rate the participants on the BDI
items; and (3) administering parts of the Structured Clinical
Interview for the DSM-IV (8CID-1/P; First et al., 1993
for the purpose of making a Diagnostic and Statistical Man-
ual of Menial Disorders, Fourth Edition { DSM-1V: Amer-
ican Psychiatric Association, 19945 diagnosis for major
depressive episode {MDE).

Depressed M5 group {depressed M5)

Fifteen MS participants from the original 63 were %Emied
who displayed scores at or above the 75th p
scores for the M5 participants {raw cut-off score = 25,
group M = ”%"}7 on the CMDI mood subscale. Bﬁuﬂ use
only 21% (4/15) of this group met DSM-IV criteria for
MDE, we e:(}zmdswg this group to consist of patients with
clinical or subclinical depression.

Nondepressed M5 group (nondepressed MS)

Thirty-five
lected who scored at or below the S0th per
for the MS participants {raw cut-off score
16.9) on the CMDI mood measure, No par
group met DSM-IV criteria for MDE.
We chose the above cut-offs 1o allow us 1o look at cat-
egorical groups but at the same dme insure enough partici-
pants per group w0 allow for meaningful comparisons. These
cut-offs are also consistent with our prior published work
on (i&premimiz and cognitive functioning in M3 {see Nven-

WS participants from the original 63 were
centile of scores

= 3@ group M =
cipants in this

se-

huis et al.. 1993, for comparison of our group means with
¥

normal controls),

Measures

Planning task: The Tower of London
(TOL; Davis eral., 1994}

P

pg}'sf:h&i@g}f Tests battery i(f*«“ Daa is 2t d% 5)
measure of planning ability. The sk
computer monttor and mvolved si
10 one demonstration trial and One pry
uli for the "dxk consisted of three ps
beads. Parnicipants used 2 mouse to 0
dow on the left of the screen (w m*%\
achieved the ar smwumm in &s
position). Each
There was no tme §im§z on i{i‘zﬂ
encouraged to achieve
as few moves, a8 possi ‘oi%
complete the task and none sy
pairment that would have mzeriar d
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move the mouse. Scoring indices were the number of moves
per trial and time per trial.

Premorbid intelleciual functioning
{Barona & Chastain, 1986)

An estimate of premorbid Full-Scale WAIS-R (Wechsler,
1981) 1IQ was derived from Barona and Chastain’s demo-
graphically based formula.

Current estimate of intellectual functioning
{Zachary, 1986}

Current intellectual functioning was estimated from the Vo-
cabulary subscale of the Shipley Institute of Living Scale.

Medication measures

As Sweet et al. (1992) note, failure to control for medica-
tion use can serve as a confound in studies of depression in
neuropsychological assessment. The possible influence of
medications participants were taking was evaluated in three
ways. First, participants were asked to rate on a scale of 1
to 10 the extent to which they felt that the medication they
were taking was influencing their attention, memory, or
ability to think in general on the day of the testing, where |
is not affected me ar all and 10 is affected me significantly.
Second, the total number of medications that patients were
taking that could potentially have a significant influence on
neuropsychological test performance was compared be-
tween groups. The drug categories considered for this analy-
sis included antispasmodics/muscle relaxants, tricyclic
antidepressants, anticholinergics, and benzodiazepines. Fi-
nally, a chi-square analysis comparing the proportion of
patients in each group taking any of these drugs was
performed.

Procedure

Participants in all groups completed the neuropsychologi-
cal tests in addition 10 a larger battery of neuropsychologi-
cal tests as part of an ongoing longitudinal study of cognitive
and emotional changes in MS. The battery of tests was
given in two different orders. In one order (A) the TOL was
administered later in the day of testing; in the other order
{B), the task was administered relatively early in the testing
day. The groups did not differ significantly in the relative
proportion of participants getting each order. Prior to the
cognitive testing, a brief psychosocial interview was con-
ducted. Cognitive tasks and depression measures were ad-
ministered on the same day of testing and were given
following the psychosocial interview. Following the admin-
istration of the neuropsychological tests, all participants
were administered parts of the SCID-1/P in order to make
a DSM-IV diagnosis for MDE. For each participant, the
SCID-1/P was administered after neuropsychological test-
ing was completed by an examiner blind to the participant’s
test performance.

PA. Arnett et al.

Data Analytic Strategy

Group differences for most variables were determined with
1 tests. A chi-square analysis was used to evaluate group
differences in sex, order of test administration, diagnostic
category, clinical course, DSM-1V MDE diagnosis, and use
of medications affecting cognition.

RESULTS

Preliminary Analyses

Most participant characteristic group values are outlined in
Tables 1 and 2. The only participant variables on which the
groups differed involved depression ratings and diagnoses.'

Primary Analyses

The TOL results are illustrated in Figure 1. Compared with
the non-depressed MS group, the depressed MS group made
significantly more moves per trial [1(48) = 2.28, p < .03},
and required significantly more time per trial [1{48) = 2.04,
p < .03; see Figure 1].

We next evaluated whether the variance in depression
predicied by the TOL and the speeded attentional/working
memory tasks from our prior studies was shared or unigue.
To accomplish this, we included all of the task indices in
the same stepwise multiple regression analysis. The task
indices served as the independent variables, and CMDI mood
subscale score served as the dependent variable. Along with
our two TOL indices, we used total words correct from the
reading span fask described in Arnett et al. (1999b) as one
independent variable, and the three speeded attentional cog-
nitive tasks we found to be impaired in depressed MS pa-
tients in our other previous report (Arnett et al., 1999a) as
the other independent variables. These latter variables in-
cluded the Paced Auditory Serial Addition Test (PASAT:
Rao et al., 1989), with the index of interest being total
correct for the three- and two-second versions combined;
total correct in 90 seconds on the oral form of the Symbol
Digit Modalities Test (Smith, 1982); and total time per switch
on the Visual Elevator subtest from the Test of Everyday
Attention {(Robertson et al, 1994). These tasks are de-
scribed in more detail in our previous reports.

The regression analysis revealed that the first variable
entered into the model was Visual Elevator, accounting for
25% of the variance in the CMDI mood subscale score:
after this variable was entered only one other variable, moves
per trial from the TOL, added significantly to the predictive
model, accounting for another 8% of CMDI variance. Thus,
together these variables accounted for 33% of the variance

"nitial analyses
tcanily greater {1(¢
medication rating varial ¢
the depressed MS group with 3 score between 3 and 6 standard devi
above the mean of the sample. We therefore recaloulated the naly
rernoving this outlier and the groups did not differ significandy [H47y =
1.5, nsd

in
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be
0
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Tai}ie 1, Characteristics and t-valugs for depressed multiple sclerosis (MBS and nondepressed

669

M5 participants

Vdf;d{)] Depressed MS Mondepressed MS {48 7
0 5 35

CMDI Mood Scale 30.7 4.9 169 (2.4 13.43 <01
CMDI Vegetative Scale 42.4 (6.6) 37003 3.6% <3}
BDI 18.0 (9.5 7.1 (3.3 5.2 < D0}
BDI (Significant Other Rating of Subject)” 6.5 (8.4 bE (74 2.11 < {13
Age 506 (6.7 466 {83y 1.63 1.5,
Education 15.5 (2.1 152 (2.6} 34

Premorbid 1 estimate i1l (3.8 1089 {63y i.13 ns.
Shipley Yocabulary 106.1 (10,3 HI%s {RB6 - 1.24 .5,
Kurtzke (1983) EDSS 50 (1.1 4% (17 .44 s
Symptom Duration {yrs.) 151 (118 164 (103 ~ 434l 1.5,
Diagnosis Duration {yrs.) 6.2 (3.2 BT {94 -1.02 ns.
Reading Span 216 (8.3 2900114 -2 < 535
Visual Elevator 5.4 (2.0 4.1 110 3404 < 05
Symbol Digit 442 {12.6) 340 {9.6) ~2.52 < {3
PASAT 73.5{27.%) ROA{21.4y -2.17 < {35

Note. Unless otherwise specified, values represent i
Depression Inventory: EDSS =

7, and 26 for depressed MS and

in CMDI mood subscale scores (see Table 3). The fact that
no other variable contributed significanty to CMDI score
after the Visual Elevator and moves per trial variables had
been entered suggests that at least two discrete domains of
cognitive functioning are associated with depressed mood
in MS patients.”

Table 2. Characteristi chi-sguare
and nondepressed MS participants

<panded Disability Status Scale; :
nondepressed MS, respectively, and (Z,r = 31
i b J

values for depressed multiple sclere

DISCUSSION

A central goal of the present study was 10 ¢
relationship between depression in M8 and performance on
acognitively-demanding planning task. Consistent with pre-
dictions, compared with a pondepressed MS group, de-
pressed MS patients took significantly more time and made
more moves per task trigd on the TOL. These resulis sugges;
that depr&w»d MS patients. in addition 10 having p. robie
with speeded attentional functioning (Amett e al.,
Beatty, 1998, 1999; Thorpton & Raz. 1997)
mermery {Amett et al., 1999h), have difficulny mih the ex-
ecutive task of g}inmng

Variable Depressed MS i1 P
DSM-IV MDE, 1 (%) A5 (279 202
Medications with cognitive effects 3715 (339 nE
Test order A, 1 {9 /13 1679 5.
Sex. 7 {% Fermale) 13/153(87% 5.

Dmmusm calegory

Clinically probable
Laboratory probable,
Clinical course

Relapsing-remitiing, n
Primary progressive, » {
Secondary progressive, n {

NEaN
ity

Progressive relapsing, »n {

S
N
¥
i

A Y

MDE = major depressive episods.
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TOWER OF LONDON,
TIME/TRIAL (sec)

p<.05

ke

Depressed
Nondepressed

PA. Arnett et al.

TOWER OF LONDON,
MOVES/TRIAL

p<.08
i k
¥ 1

Depressed
Nondepressed

Fig. 1. Time per trial and moves per irial for depressed MS and nondepressed MS participants on the Tower of London
task. Lines above figure columns represent standard error bars.

Besides examining the planning skills of depressed MS
patients, an important goal of the present study was 10 ex-
plore the range of cognitive functions measured by the task
indices we have found to be impaired in depressed MS
patients in our present study and other reports {Arnett et al.,
19992, 1999b). We found that all but one of the task indices
that differentiate depressed from nondepressed MS patients
across studies appear to overlap substantially in the vari-
ance they share with depression. Specifically, 25% of the

Table 3. Stepwise muluple regress

variance in MS depression was accounted for by the Visual
Elevator task index and, after the latter was entered into the
regression, moves per trial from the TOL accounted for an
additional 8% of the variance. Our data analyses thus strongly
suggest that at least two distinct domains of cognitive func-
tion are impaired in MS depressives,

The nature of the two impaired cognitive domains in MS
depressives is open to debate because each task used in our
study is complex and measures a variety of cognitive func-

gression analysis for capacity-demanding task indices predicting Chicago Multiscale

Variable B SEB A g* adjR” Art AF p-level
Step !
Visual Elevator: TPS 2.37 64 50 23 23 25 13.74 < {05
Step 2
1.30 .59 29 33 £ 0% 4.96

Note, TPS
standardi

IR -} f
AL LT o CRang

Time per swiwh: TOL = Tower of London: 8 = unstandardized betn coeff
cient: B7 = multiple R7; adiR? = adjusted B7, a value thas rep

atid in 77 AF = change in Fovalue; plevel
>5 {or all variables included.







