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Abstract

As many as 50% of multiple sclerosis (MS) patients experience clinical or subclinical depression. A voluminous
literature has documented affective memory biases (AMB) among depressed individuals. Despite this, little is
known regarding how depressive symptoms may affect MS patients’ ability to recall positive and negative material.
The present study employed an affective list-learning task that increased cognitive load and inhibited the use of
higher order encoding strategies. The purpose of the study was twofold: to determine whether MS patients exhibit
AMB and to examine whether subvocal repetition and other higher order encoding strategies are essential to the
formation of AMB among people experiencing depression. Results indicated a strong relationship between
depression and AMB in MS. The results are discussed in relation to existing biological research that indicates limbic
and0or other subcortical systems may play a role in the formation of AMB. (JINS, 2005, 11, 514–521.)
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INTRODUCTION

Multiple sclerosis (MS) is a demyelinating disease of the
central nervous system (CNS) that afflicts roughly 1 in 1000
people in Northern regions of Europe and North America
(Pryse-Phillips & Costello, 2001). The majority of scien-
tific literature has focused on the physical and cognitive
sequelae of MS. Emotional problems are also common in
MS. Anxiety, anger, pathological laughing and weeping,
mania, and depression are frequently observed symptoms
of MS. By far, the most studied of these emotional difficul-
ties is depression. Lifetime prevalence rates for depression
are as much as 10 times higher than that of the general
population (Schubert & Foliart, 1993). Point prevalence
rates for depression among patients with MS have been
estimated to be between 14 and 57 percent (Mohr & Cox,
2001). Despite these high rates, some authors speculate that
major depression in MS may be underdiagnosed (Minden
et al., 1987; Mohr et al., 1997).

Depression in MS may be characterized by atypical symp-
toms like irritability, anger, and worry. Depression has been
shown to adversely impact MS patients in a number of ways.
Fruehwald and colleagues (2001) found that depressed MS
patients were far more likely to report lower quality of life
than nondepressed MS patients. Additional studies have doc-
umented a relationship between depression in MS, decreased
medication adherence, and compromised immune function—
factors that may adversely affect disease course (Foley et al.,
1988; Mohr et al., 1997).

Several studies have demonstrated that people with neg-
ative cognitive and attributional styles are prone to sub-
sequent episodes of depression (Abela, 2002; Abramson
et al., 1999; Alford et al., 1995; Hankin et al., 2001). More-
over, studies have demonstrated that depression-prone peo-
ple exhibit increased negative cognitive biases when placed
under cognitive load (Rude et al., 2003). The present study
examines the role affective memory bias (AMB), in com-
bination with cognitive load, may play in the formation of
depression in MS.

Affective memory bias is defined as the tendency for
people in negative moods to recall more negatively valenced
information and less positively valenced information. Con-
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versely, people in positive moods recall more positive infor-
mation and less negative information. Typical studies present
participants with lists of negative and positive words. In
tests of explicit memory, participants are asked to recall as
many words as they can remember. Implicit memory tasks
often involve word-stem completion. In word-stem comple-
tion paradigms, participants are presented with the first few
letters of a word and are asked to produce the first word that
comes to mind. Numerous researchers have found evidence
for the differential explicit recall of affectively laden words
according to mood state (see Blaney, 1986). An implicit
recall bias has also been found, though somewhat less con-
sistently (Watkins et al., 2000).

Segal (1988) theorized that AMB tasks are better predic-
tors of vulnerability to depression than traditional self-
report questionnaires. Self-report questionnaires require
participants to tap conscious cognitive phenomena that may
not be easily verbalized. Indeed, according to Beck’s theory,
cognitive schemata are not always readily accessible to con-
sciousness. Nondepressed people who are vulnerable to
depression often employ complicated encoding schemes
designed to suppress biases for negative stimuli (Wenzlaff
et al., 2001). People experiencing increased levels of cog-
nitive load have fewer resources to employ complex encod-
ing schemes. Despite this, no tests to date have examined
AMB with working memory tasks that tax higher order
thinking skills. It is possible that AMB results when
depressed participants employ subvocal repetition to rehearse
and selectively encode negatively valenced words. For exam-
ple, a depressed person who was asked to remember the
words “death” and “glee” might subvocally repeat “death”
more frequently than “glee” when attempting to encode the
two words into memory. Depression-prone individuals also
may produce increased verbal associations between the neg-
ative words presented during AMB tasks and negative auto-
biographical life events. For example, a depressed person
may think about the “death” of a loved one. As a result of
these processes, depressed individuals may encode nega-
tive words like “death” more deeply than positive words
like “glee.”

The limbic system likely plays a dominant role in emo-
tion and memory (Kandel et al., 2000). For instance, PET
and fMRI studies have consistently found a relationship
between the presentation of negatively valenced material
and activation in the amygdala (Cahill & McGaugh, 1998;
Canli et al., 1999). Moreover, there is evidence to suggest
that, on viewing negatively valenced words, depressed par-
ticipants are more likely to have sustained amygdalar
responses than nondepressed participants. Siegle and col-
leagues (2002) asked depressed and nondepressed partici-
pants to identify positive, negative, and neutral words. After
the presentation of words, participants performed nonemo-
tional interference tasks. Event-related functional magnetic
resonance imaging indicated that depressed participants’
had longer sustained bilateral amygdalar responses to neg-
atively valenced words than nondepressed participants.
Unlike nondepressed participants, depressed participants also

continued to exhibit sustained amygdalar arousal during
nonemotional interference tasks.

It could be that AMB are primarily mediated by subcor-
tical mechanisms. If so, this would be consistent with cog-
nitive models of depression that assert that cognitive
schemata may lie below the level of consciousness (Beck
et al., 1979). Indeed, assessing AMB may be one means of
tapping latent schemata that predispose individuals to depres-
sion. The present investigation employed a working mem-
ory task that required participants to read sentences after
the presentation of positively and negatively valenced words.
Reading sentences with such a task inhibits subvocal rep-
etition and other higher order cognitive processes (Hupet
et al., 1997). With these considerations in mind, the pur-
pose of the present study was twofold. First, no study to
date has examined AMB among depressed and nonde-
pressed patients with MS. It was hypothesized that depressed
MS patients would exhibit negative memory biases. Sec-
ond, no study to date has examined AMB with a task that
simultaneously taxes cognitive load. If pronounced AMB
exist in the absence of higher order encoding processes, it
would suggest that limbic or other subcortical encoding
systems play a role in the selective retrieval of emotional
information.

METHOD

Research Participants and Procedure

One-hundred-and-one patients with definite or probable MS
were recruited from an ad placed in a newsletter distributed
to individuals with MS in Western Pennsylvania, MS sup-
port groups in the Central Pennsylvania Region, and flyers
distributed in the State College, Pennsylvania community.
Patients who contacted the study team were subsequently
administered a telephone screening interview to rule out
exclusionary criteria (see below). Those participants not
excluded were then scheduled for testing. Diagnoses and
MS course types were assigned by board-certified neurol-
ogists based on established guidelines for research proto-
cols in MS (Lublin & Reingold, 1996; Poser et al., 1983).
None of the patients included in the current study were
experiencing a clinical exacerbation at the time of the eval-
uation. Participants were not included in the study if they
had a history of: (a) neurological disease other than MS; (b)
drug or alcohol abuse; (c) learning disability; or (d) visual
or motor impairments that would significantly alter test
administration procedures. After establishing informed con-
sent, graduate students trained by a licensed clinical neuro-
psychologist (P.A.) administered a variety of measures
assessing physical, cognitive, and emotional functioning.
In return for their participation, patients with MS were given
75 dollars and a brief neuropsychological report character-
izing their cognitive functioning. Of the 101 patients
assessed, 2 participants were not included in the current
study: 1 had a history of electro-convulsive therapy and 1

Affective memory bias in MS 515



reported a history of stroke after testing was completed.
Furthermore, 2 participants had significant difficulty read-
ing during the AMB test and 2 were unable to recall any
words at the delay. These participants were not included in
analyses pertaining to AMB. Consistent with our previous
work examining mood biases in MS (Bruce & Arnett, 2004),
participants were split into three groups representing the
lower, middle, and upper third of patients’ scores on the
Chicago Multiscale Depression Inventory (Nyenhuis et al.,
1998).

Measures

Chicago Multiscale Depression Inventory

Because more traditional measures may overestimate depres-
sion in neurological samples (Nyenhuis et al., 1995), the
Chicago Multiscale Depression Inventory (CMDI) was used
to assess depressive symptomatology in this study. The
CMDI has been shown to be a reliable and valid measure of
depression (Nyenhuis et al., 1998). The CMDI is a 42-item,
five-point Likert-style self-report measure that includes
Mood (sad, glum), Evaluative (hated, useless), and Vegeta-
tive (sluggish, unable to concentrate) subscales. Consistent
with Nyenhuis et al.’s (1995) recommendation and the prec-
edent set by prior work (Arnett et al., 1999a; Arnett et al.,
1999b), vegetative subscales were not included in analyses.
Higher scores on the CMDI indicated higher levels of
depression.

Beck Depression Inventory

The Beck Depression Inventory–2nd Edition (BDI-II) was
used to help validate cut-off scores obtained with the CMDI.
The BDI-II is one of the most commonly used measures of
self-reported depression among psychiatric samples (Beck
et al. 1996). It consists of 21 items on which participants
rate themselves on a 0–3 scale. Higher scores reflect greater
depression. Scores for all 21 items were used in the analyses.

Affective reading span task

The affective reading span task (ARST) is a modified ver-
sion of the Daneman and Carpenter (1980) test of working
memory. An extensive neuropsychological and cognitive
literature has substantiated the validity of using reading span
tasks to increase cognitive load and measure working mem-
ory (Daneman & Carpenter, 1980; LaPointe & Engle, 1990;
Li, 1999; Whitney et al., 2001). People experiencing
increased levels of cognitive load have fewer resources to
employ complex encoding strategies (Naveh-Benjamin &
Jonides, 1984). The AMB task employed in this study
increases cognitive load and decreases the use of compli-
cated encoding schemes.

The ARST was designed to tax working memory and
assess affective memory bias. Participants were instructed
to orally read affectively laden sentences that were pre-
sented on a computer screen. Each sentence was followed

by either a positive or negative word that matched the affec-
tive content of the sentence. Participants were instructed to
remember the word after the sentence. After the participant
read the affective word following the sentence, a new sen-
tence and word combination was immediately presented.
Every so often, a blank screen was shown. When partici-
pants saw a blank screen, they were instructed to recall the
affective endwords in the preceding block. Initial blocks
were only 2 sentence0word combinations long. As the test
progressed, participants were asked to recall more end words
(see Figure 1). In all, 28 positive and 28 negative sentence0
word combinations were presented. The presentation of
positive and negative sentence0word combinations was alter-
nated to reduce the potential influence of positional effects.
After the task was completed, participants were asked to
recall as many of the endwords as they could remember
from all of the blocks. The positive and negative endwords
used in the ARST were matched for frequency of use in the
English language and word length (Francis & Kucera, 1982).
Moreover, positive and negative endwords did not differ
significantly by word type (e.g., noun, verb, adjective). A

Fig. 1. Schematic of the Affective Reading Span Task.

516 J.M. Bruce and P.A. Arnett



similar version of the ARST produced overall recall scores
(positive and negative) that were highly correlated with
established measures of working memory in a sample of
patients with MS (see Arnett et al., 1999a). Initial bias,
delayed bias, total bias, and retention bias indices were uti-
lized as measures of AMB for this investigation. On each of
the bias indices, positive scores indicate positive bias and
negative scores indicate negative bias.

Initial bias: Initial recall bias was calculated by subtract-
ing the number of negative words recalled during the task
from the number of positive words recalled.

Delayed Bias: Delayed recall bias was calculated by sub-
tracting the number of negative words recalled at the delay
from the number of positive words recalled at the delay.

Total Bias: Initial and delay bias indices were trans-
formed to z-scores and combined. This index measured the
potential additive nature of initial and delay biases.

Retention Bias: This index was designed to measure the
extent that positive or negative recall changes over time.
The retention bias was calculated by dividing the number
of positive words recalled at the delay by the number of
positive words recalled during the task. Similarly, the num-
ber of negative words recalled at the delay was divided by
the number of negative words recalled during the task.
Finally, the ratio of negative words retained was subtracted
from the ratio of positive words retained.

Expanded Disability Status Scale

The Expanded Disability Status Scale (EDSS) is a measure
of MS disease progression and neurological impairment
(Kurtzke, 1983). It is commonly used in both clinical prac-
tice and MS research. Participants were asked to rate their

functional abilities in a number of different physical domains.
Scores on the EDSS range from 0 (no neurological impair-
ment) to 10 (death from MS).

Estimate of intellectual functioning

Premorbid intellectual functioning was estimated from the
Vocabulary subscale of the Shipley Institute of Living Scale;
the Abstraction subscale of this measure was also adminis-
tered (Zachary, 1986).

RESULTS

Preliminary Analyses

Participant characteristics are outlined in Tables 1 and 2.
ANOVA revealed a significant difference between the
groups’ scores on the CMDI. Tukey’s HSD test revealed
that each of the three groups differed significantly from one
another. To examine the extent to which the groups con-
formed to more traditional measures of minimal depres-
sion, mild depression, and moderate depression, the three
groups were also compared using the BDI. ANOVA revealed
a significant difference between the groups. Tukey’s HSD
test revealed that each of the three groups differed signifi-
cantly from one another. Scores for the 3 groups fell within
the minimal, minimal to mild, and mild to moderate ranges
of depression, respectively. To facilitate communication of
the results, the groups have been nominally described as
nondepressed, mildly depressed, and moderately depressed.
The three groups did not differ significantly on measures of
age, education, intellectual ability, diagnosis duration, symp-
tom duration, EDSS, sex, or MS course type.

Table 1. Characteristics and F-values for nondepressed, mildly depressed, and moderately depressed MS patients

Nondepressed
(n5 32)

Mildly
depressed
(n5 32)

Moderately
depressed
(n5 31)

Variable M SD M SD M SD F(2,92) p

CMDI 29.8a 1.8 39.8b 3.6 60.9c 13.7 119.14 ,.01
BDI 6.6a 4.1 10.7b 6.1 18.4c 6.3 36.26 ,.01
Age 47.8 7.9 47.9 9.6 46.9 9.0 0.13 n.s.
EDSS 4.1 1.6 4.7 1.5 5.0 1.6 2.52 n.s.
Premorbid WAIS-R IQ Est. 106.0 8.1 105.0 9.7 103.7 9.9 0.48 n.s.
Shipley abstract 110.9 10.5 113.1 12.2 114.3 8.0 0.87 n.s.
Symptom duration 12.8 8.5 15.3 9.6 15.7 8.5 1.01 n.s.
Diagnosis duration 8.1 6.7 11.0 8.6 11.9 7.5 2.15 n.s.
Education (years) 14.3 2.0 14.3 2.0 14.3 2.0 0.02 n.s.

Note. Groups with different letter subscripts are significantly different ( p , .05) on the basis of Tukey’s honestly significant
difference (HSD) post-hoc test. BDI5 Beck Depression Inventory. CMDI5 Chicago Multiscale Depression Inventory—mood and
evaluative subscales. EDSS 5 Expanded Disability Status Scale (Kurtzke, 1983). Premorbid WAIS-R IQ estimate taken from the
Vocabulary portion of the Shipley Institute of Living Scale (Zachary, 1986). Shipley Abstract5Abstraction subscale of the Shipley
Institute of Living Scale. Abstraction scores were transformed with a mean of 100 and a standard deviation of 15 (Zachary, 1986).
Symptom and Diagnosis duration are indicated in years.
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Hypothesis Testing Analyses

ANOVA revealed a significant difference between groups
for the delayed recall of negative words, F(2,92) 5 3.6,
p , .05. Tukey’s HSD revealed that moderately depressed
MS patients recalled more negative words at the delay than
nondepressed MS patients. Groups did not differ signifi-
cantly on positive, negative, or total words for the initial or
retention portions of the ARST. Similarly, group member-
ship was not related to recall of positive words or total
words on the delayed portion of the task.

Table 3 outlines the means, standard deviations, and
F-values for the initial, delay, total, and retention bias indi-
ces. Relative to nondepressed MS patients, mildly and mod-
erately depressed MS patients exhibited a significant negative
initial memory bias (Figure 2). A follow-up paired sample t
test revealed that nondepressed MS patients recalled sig-
nificantly more positive than negative words during the
immediate recall portion of the ARST, t (31) 5 3.74, p ,
.01. No significant differential immediate recall of positive
or negative words was found among mildly or moderately
depressed participants.

At the delayed recall, mildly and moderately depressed
participants again demonstrated a negative recall bias when
compared to nondepressed participants (Figure 2). A paired
sample t test revealed that nondepressed MS patients recalled
significantly more positive than negative words at the delay,
t (31) 5 2.77, p , .01. In contrast, moderately depressed
MS patients recalled significantly more negative than pos-
itive words at the delay, t (30) 5 2.20, p , .05. Mildly
depressed MS patients recalled a statistically similar num-
ber of positive and negative words at the delay. Mildly and
moderately depressed participants demonstrated a negative
recall bias when compared to nondepressed participants on
an index of total recall bias, accounting for 23% of the
between groups variance.

Moderately depressed MS patients demonstrated a neg-
ative retention bias when compared to nondepressed par-
ticipants (Figure 2). Follow-up paired sample t tests revealed
that moderately depressed MS patients retained signifi-
cantly more negative than positive words, t (30) 5 2.05,
p , .05. Nondepressed and mildly depressed MS patients

did not differentially retain positive or negative words at
the delay.

Follow-up Analyses

The designated groups in this study did not neatly conform
to pre-established nominal criteria for minimal, mild, and
moderate depression. As a result, follow-up continuous cor-
relational analyses were conducted between CMDI and ini-
tial, delayed, total, and retention bias indices. Kolmogorov-
Smirnov testing revealed that depression as measured by
the mood and evaluative subscales of the CMDI was not
normally distributed in this sample, p , .05. Furthermore,
the error variance of the aforementioned correlations was
not normally distributed. An inverse transform of the CMDI
corrected for these violations. CMDI was then multiplied
by 21 to maintain directionality; higher scores indicated
increased depressive symptomatology. Initial bias (r52.30),
delayed bias (r 5 2.36), total bias (r 5 2.43), and reten-
tion bias (r 5 2.30) were all significantly correlated with
CMDI, all p’s , .01. These follow-up analyses were con-
sistent with their categorical counterparts.

Additional analyses examining the relationship between
BDI and AMB were also conducted. As stated previously,
the BDI may overestimate depression among people with
MS. The BDI measures physical and cognitive symptoms
of depression that are commonly seen among nondepressed
MS patients. A Pearson correlation revealed a strong rela-
tionship between CMDI and BDI (r5 .75, p , .01). How-
ever, BDI was also significantly correlated with physical
disability as measured by EDSS (r 5 .41, p , .01). In
contrast, CMDI was not significantly related to patients’
EDSS scores (r5 .17, p . .05). These results confirm that
BDI scores may be confounded by MS patients’ physical
disability. Nonetheless, partial correlations controlling for
EDSS yielded significant relationships between BDI and
delayed (r52.28, p, .01) and retention biases (r52.23,
p , .05). In contrast, no significant relationship was found
between BDI and initial bias (r 5 .14, p . .05). This last,
contrasting, finding further suggests that the BDI and CMDI
may measure separate, though overlapping, constructs among
patients with MS.

Table 2. Characteristics and chi-square analyses for course and sex among nondepressed, mildly depressed,
and moderately depressed MS patients

Variable Nondepressed
Mildly

depressed
Moderately
depressed

Chi-square
(df ) p

MS Course 1.8 (4) n.s.
Relapsing-remitting 23 22 20
Primary progressive 1 1 0
Secondaryprogressive 8 9 11

Sex 1.0 (2) n.s.
Female 25 27 27
Male 7 5 4
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DISCUSSION

Consistent with hypotheses, depressed MS patients exhib-
ited negative AMB on a task designed to tax higher order
thinking skills. Initial bias, delayed bias, total bias, and
retention bias were all significantly related to depression
group. Both the mildly and moderately depressed groups
exhibited a negative bias when compared to the non-
depressed group on the initial bias index. Nondepressed indi-
viduals tended to recall more positive than negative words
during the immediate recall portion of the task. Mildly and

moderately depressed groups did not differentially recall pos-
itive or negative words during the immediate recall portion
of theARST. Given this, it may be more accurate to state that
during the initial encoding phase, nondepressed patients exhib-
ited a positive bias whereas mildly and moderately depressed
patients did not exhibit any bias. This finding is consistent
with the theory of depressive realism (see Dobson & Franche,
1989). Nondepressed people may view (or remember) their
world through rose-colored glasses. At the initial encoding
phase, mildly and moderately depressed MS patients may
recall positive and negative information equally.

Table 3. Means, standard deviations, and F-values for the ARST bias and composite indices for nondepressed,
mildly depressed, and moderately depressed MS patients

Nondepressed
Mildly

depressed
Moderately
depressed

Variable M SD M SD M SD Eta2 F(2,92) p

Initial bias 1.8a 2.7 0.3b 2.2 20.5b 2.4 .13 7.08 ,.01
Delay bias 1.0a 2.0 20.2b 1.6 20.7b 1.9 .14 7.25 ,.01
Total bias 1.0a 1.4 20.2b 1.2 20.8b 1.5 .23 13.50 ,.01
Retention bias 3.5a 12.8 21.2 9.9 24.2b 11.5 .07 5.50 ,.05

Note. Groups with different letter subscripts are significantly different ( p , .05) on the basis of Tukey’s HSD test. Initial bias 5
positive minus negative recall at immediate recall. Delay bias5 positive minus negative recall at delay. Total bias5 z-transformed
Initial bias1 z-transformed Delay bias. Retention bias5 percent retained positive minus percent retained negative.

Fig. 2. Mildly and moderately depressed MS patients demonstrated a negative initial, delayed, and total bias when
compared to nondepressed MS patients. Moderately depressed MS patients demonstrated a negatively skewed reten-
tion bias when compared to nondepressed MS patients. Initial bias 5 number of positive words minus number of
negative words recalled during the immediate recall portion of the ARST. Delay bias 5 number of positive words
minus number of negative words recalled during the delayed recall portion of the ARST. Total bias 5 z-transformed
Initial bias plus z-transformed Delayed bias. Retention bias 5 percent positive retained from immediate recall to
delayed recall minus percent negative retained from immediate to delayed recall.
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Both the mildly and moderately depressed groups again
demonstrated a negative bias when compared to the non-
depressed group at the delay portion of the ARST. Non-
depressed patients again recalled significantly more positive
than negative words. At the delay, however, moderately
depressed patients recalled more negative than positive
words. Nondepressed patients maintained a positive recall
bias at the delay; moderately depressed MS patients devel-
oped a negative recall bias. This suggests that AMB in
depression may be related to the consolidation of memory
over time. In support of this explanation, moderately
depressed MS patients demonstrated a significant negative
retention bias.

The ARST taxes higher order thinking skills. It increases
cognitive load and decreases the probability that patients
will use higher order encoding strategies. The obtained find-
ings support the notion that subvocal repetition and other
higher order forms of elaboration are not necessary for the
emergence of AMB among depressive patient populations.
Although speculative, it may be that limbic or other non-
verbal areas of the brain could account for encoding and
consolidation biases among depressed MS patients. As much
as 23 percent of the variance between depressed groups
could be accounted for by AMB. These results offer tenta-
tive behavioral support to studies that have documented
sustained amygdalar activity during interference tasks among
depressed patients who view negatively valenced stimuli
(Siegle et al., 2002). Sustained activation of the amygdala
while reading sentences may account for the results found
in this study. In theory, increased and sustained amygdalar
activity for negative words during the ARST may contrib-
ute to depressed patients’ nonbiased immediate recall pat-
tern and their negative biases at the delay.

The development of negative biases in depressed individ-
uals when presented with negative information without the
opportunity for reflection and conscious appraisal supports
a cardinal assumption of Beck’s theory of depression. Beck
hypothesized that depressed patients have negative, often
unconscious, cognitive schemata that skew perception (Beck
et al., 1979). The current investigation found that lower
order encoding mechanisms may account for AMB among
depression patients with MS. If, as was found in this study,
AMB exists in the absence of higher order thinking skills,
one may suppose that skewed biases can be encoded with-
out self-reflection or conscious cognitive appraisal. Thus,
these findings support the idea that negative cognitive sche-
mata can emerge without full conscious awareness. This
knowledge may lend some insight into the mechanisms and
processes of cognitive therapy. One of the first steps in
cognitive therapy is for patients to monitor their thoughts.
This monitoring process may bring AMB into conscious
awareness. Once aware of AMB, patients can learn to encode
information in a manner that is more consistent with mental
wellness.

As many as 57 percent of MS patients experience clinical
depression at some point in their lives (Mohr & Cox, 2001).
Depression is related to impaired neuropsychological func-

tioning and poor quality of life, and may hasten the course
of MS (Arnett et al., 1999b; Fruehwald et al., 2001; Mohr
et al., 1997). A number of studies have found that depres-
sion in MS can be successfully treated with psychotherapy
and0or antidepressants (see Mohr & Goodkin, 1999). This
investigation shows one possible means by which these treat-
ments may have their therapeutic effects. Both psycholog-
ical and pharmacological interventions may decrease AMB
(Harmer et al., 2003).

Because no significant differences emerged between
groups on measures of total recall, one might safely assume
that the more traditional cognitive deficits often observed
in depression were not responsible for the AMB observed
in this sample. Similarly, groups were matched for age, MS
course, EDSS, intellectual ability, education, diagnosis dura-
tion, symptom duration, and sex. Despite this, it is impor-
tant to highlight the quasiexperimental nature of this study.
It is possible that some as yet unknown third variable
accounts for the relationship observed between AMB and
depression. Furthermore, the directionality of the relation-
ship between AMB and depression was not directly assessed
in this study. It is possible that AMB contributes to depres-
sion, depression contributes to AMB, or that AMB and
depression form a reciprocal relationship. Future studies
may wish to employ prospective longitudinal designs, exam-
ine models of depressive vulnerability, and0or use mood
induction to measure the link between AMB and depression
with a true experimental design. Finally, future studies may
wish to employ the ARST in patient populations without
significant neurological abnormalities. Replication of the
aforementioned findings in non-MS, depressed populations
would bolster the idea that AMB can result from lower
order encoding mechanisms. Finally, we were unable to
directly monitor subvocal repetition during the ARST. It is
possible that the ARST was unable to completely prevent
participants from employing higher order encoding strat-
egies. Future studies may wish to employ paradigms that
can directly measure the use of complex verbal encoding
strategies.

In conclusion, the present investigation demonstrated that
AMB exist among depressed MS patients when higher order
encoding strategies are suppressed. Put simply, depressed
individuals may continue to process and therefore encode
and consolidate negative information long after they have
stopped “thinking” about it. These findings have implica-
tions for the treatment, cause, and biological and behavioral
underpinnings of depression in MS.
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