Cognitive impairment, particularly in the domain
of executive functioning, has been demonstrated
to predict poorer antidepressant medication treat-
ment response. In this investigation, neuropsycho-
logical functioning was evaluated as a predictor of
depression treatment response among 59 patients
with multiple sclerosis. Performance on a Stroop
task accounted for 28.7% of the variance in poorer
pharmacologic antidepressant treatment response,
as compared to less than 1% of the variance in
two psychotherapy conditions. These results pro-
vide preliminary evidence to suggest that perfor-
mance on neuropsychological measures may pre-
dict antidepressant treatment response in multiple
sclerosis.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2006; 18:356-363)
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Multiple sclerosis is the most common central ner-
vous system disease affecting young and middle-
aged adults. Depression and cognitive dysfunction are
common neuropsychiatric symptoms in multiple scle-
rosis (MS). Lifetime risk of major depressive disorder in
MS is around 50%,' and a 12-month prevalence of major
depressive disorder is approximately 25%.> Although
cognitive impairments occur across domains, deficits in
executive functioning are commonly observed in ap-
proximately 33% of patients with MS.?

Depression and executive dysfunction co-occur in
MS,** and both may result from lesions in underlying
frontosubcortical brain regions. While there is evidence
supporting the role of psychosocial factors resulting
from the challenges of coping with a chronic and debil-
itating disease,® demyelinating brain lesions also appear
to increase risk of depression significantly.”'> Further-
more, depression is more common among patients with
MS than many other chronic or neurological conditions,
including spinal cord injury and amyotrophic lateral
sclerosis.'?

Executive dysfunction has been associated not only
with depression, but with response to treatment. The
majority of the efforts evaluating the role of executive
functioning as a moderator of outcomes for depression
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have been conducted in the domain of pharmacological
treatment in late-life depression, where deficits in exec-
utive functioning predict poor response and increased
relapse rates in clinical trials evaluating conventional
antidepressant treatments.'*° In addition, Potter et al.'”
found that deficits in executive functioning predicted
decreased rates of remission after 3 months of treatment
among patients participating in a standardized open-
treatment algorithm paradigm. In the general popula-
tion, deficits in executive functions predicted decreased
response to fluoxetine treatment in younger, otherwise
healthy individuals with major depressive disorder." In
sum, executive functioning appears to play a role in pre-
dicting outcomes to antidepressant pharmacological
treatments.

Although the pathophysiological mechanisms in late-
life depression likely differ from potential mechanisms
in MS (i.e., demyelinating lesions resulting in neural
dysfunction), there are similarities in the resulting
frontosubcortical pathology and impairment. Not only
would frontosubcortical pathology precipitate both
symptoms of depression and executive dysfunction,' it
may influence antidepressant treatment response.”**!
Although one study published by our group'? observed
that an association between brain lesions and treatment
outcome for depression in MS was mediated by global
cognitive functioning, no studies have evaluated spe-
cific cognitive markers as predictors of treatment re-
sponse in MS. In addition, no studies have evaluated
cognitive markers in the context of nonpharmacological
treatment interventions.

The present investigation is a secondary analysis of a
comparative outcome trial for the treatment of depres-
sion in MS.? In this investigation, we evaluated mea-
sures of neuropsychological functioning as treatment
predictors across three treatments for depression. We
hypothesized that performance on measures of execu-
tive functioning would predict poorer treatment re-
sponse to antidepressant therapy, compared to psycho-
social treatment groups.

METHOD

Participants

All procedures of the larger clinical trial are described
in detail in Mohr et al.** Fifty-nine moderately de-
pressed patients with MS participated in a clinical trial
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that compared three commonly used treatments for de-
pression among medical patients. After a complete de-
scription of the study to participants, written informed
consent was obtained under the guidelines of the Uni-
versity of California, San Francisco, Committee on Hu-
man Research.

Study participants met inclusion and exclusion crite-
ria described below as evaluated by a study psycholo-
gist, psychometrist, and board-certified neurologist. In-
clusion criteria were: a) a clinically definite diagnosis of
MS using the Poser et al.* criteria); b) a relapsing-re-
mitting or secondary progressive disease course con-
firmed by a neurologist;* ¢) a diagnosis of current major
depressive disorder based on the Structured Clinical In-
terview for DSM-IV (SCID);** d) a score of 16 or more
on the 17-item Hamilton Rating Scale for Depression
(HAM-D);?® e) a score of 16 or more on the Beck De-
pression Inventory (BDI);* and f) a willingness to ab-
stain from psychological or pharmacological treatment
other than that provided in the study during the treat-
ment period.

Exclusion criteria included: a) DSM-IV Axis I psychi-
atric disorders, other than major depressive disorder or
generalized anxiety disorder (using SCID); b) severe
cognitive impairment falling below the fifth percentile
in three of six areas of neuropsychological functioning
(i.e., attention, concentration, speed of processing, ex-
ecutive functioning, verbal memory, and visual process-
ing); c) severe suicidal ideation, plan, and/or intent; d)
corticosteroid treatment within 30 days; e) initiation of
treatment with an interferon medication within the pre-
vious 2 months; f) current MS exacerbation (criteria: en-
rollment occurred at least 3 months after onset of symp-
toms of exacerbation, cessation of steroid treatment for
4 weeks prior to enrollment, and patient no longer re-
ports symptoms related to exacerbation); g) head injury
or CNS disorder other than MS; h) current or planned
pregnancy; i) impairment in visual acuity precluding as-
sessment using visual neuropsychological stimuli (as
evaluated by a neurologist using the Snellen visual acu-
ity chart); and j) current psychological or pharmacolog-
ical treatment for depression.

Treatments

Participants were randomized to one of three 16-week
treatments for depression. This was a single-site clinical
trial. After the initial screening evaluation, eligible pa-
tients who met criteria were screened again 1 to 4 weeks
later. This waiting procedure served as a method of
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blocking patients. When accrual over a 4-week period
exceeded six patients, these patients were assigned to
group therapy. When accrual was less than six patients,
patients were randomly assigned to either cognitive be-
havior therapy or sertraline. Although this procedure
was not strictly random, it adequately met the need to
initiate treatment within a reasonable time period and
facilitate enrollment in both individual and group treat-
ments.

Individual cognitive behavior therapy consisted of 16
weekly, 50-minute meetings between the individual and
a Ph.D.-level psychologist. This treatment included
standard procedures” and specific skills for the man-
agement of MS-related symptoms and problems (e.g.,
disability, fatigue management, mild cognitive impair-
ment).

Supportive-expressive group psychotherapy is a
model of group therapy for people with medical diag-
noses originally developed and validated as an inter-
vention for women with breast cancer.”® Groups of five
to nine patients and two Ph.D.-level psychologists met
for 16 weekly 90-minute sessions, which focused on en-
hancing emotional expression, particularly related to
MS, and the social and personal sequelae of the disease.

Sertraline is a commonly used antidepressant medi-
cation for MS patients.”” Treatment was initiated at 50
mg per day. The dosage was increased by 50 mg every
4 weeks until a dosage of 200 mg was reached, or until
full remission was achieved as judged by the clinicians.
Medication dosage and side effects were evaluated by
clinical psychologists in conjunction with neurologists.
Participant visits were approximately 10 to 15 minutes
every 4 weeks.

Assessment Measures

Neuropsychological Functioning

Brief neuropsychological assessments were conducted
on an individual basis by trained evaluators blind to
group assignment at the beginning of treatment.

Evaluators assessed memory functioning with the de-
layed recall trial of the Rey Auditory Verbal Learning
Test (RAVLT)* and the 7/24 Spatial Learning Test
(SLT).*

They assessed executive functioning using the total
number of correct answers on the verbal fluency test,*
and the Stroop color-word test interference time from
the word reading trial subtracted from the interference
trial.** This Stroop index was created in order to control
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for speed of reading or articulation, and to provide a
purer interference measure.

Depression

Symptoms of depression were assessed in a structured
interview using the HAM-D,” which we used because
it represents clinical assessment as opposed to self-re-
port (i.e., the BDI). Interrater reliabilities were consis-
tently above 0.90.

Data Analytic Strategy
Preliminary analyses examined patient characteristics as
well as the presence of group differences across demo-
graphic, neuropsychological, and depression measures.
Repeated measures analyses of variance (rANOVAs)
were utilized to determine time (pre- versus post-treat-
ment) by treatment (cognitive behavior therapy versus
supportive-expressive group therapy versus sertraline)
effects, using an intent-to-treat approach, by including
participant data with at least one follow-up assessment.
For the primary analyses, we used repeated measures
analyses of covariance (rANCOVAs) with neuropsycho-
logical performance as the covariate to determine a pos-
sible time (pre- versus post-treatment) x treatment (cog-
nitive behavior therapy versus supportive-expressive
group therapy versus sertraline) x covariate (neuropsy-
chological performance) interaction for the neuropsy-
chological performance covariates. To explicate these in-
teractions, we performed within-group hierarchical
regression analyses using post-treatment HAM-D as the
dependent variable. Pre-treatment HAM-D was entered
as the first predictor, followed by those neuropsycho-
logical variables that resulted in significant rANCOVA
interaction effects.

RESULTS

Preliminary Analyses

Patient demographics and disease characteristics are
presented in Table 1. Disease severity was measured by
the Ambulation Index,* a standardized neurologist rat-
ing of MS severity, ranging from 0 (no impairment) to
10 (bedridden with no mobility).

Participants in the three depression treatment condi-
tions did not significantly differ on their demographics
(i.e., age, education, and gender), pre-treatment depres-
sion scores, disease severity, and neuropsychological
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performance scores (all p>0.51). As expected, there
were significant correlations among neuropsychological
functioning and demographics [i.e., age was signifi-
cantly related to Stroop performance (r=—0.49,
p<0.001) and RAVLT performance (r= —0.34, p<<0.01);
education (years) was significantly associated with ver-
bal fluency (r=0.41, p<0.01); and gender was signifi-
cantly associated with performance on the RAVLT
(r=0.27, p<0.05 Spearman correlations)]. Demographic
factors were not associated with outcome variables in
this study (i.e., post-treatment HAM-D, all p>0.14), and
therefore were not controlled for in subsequent analy-
ses.®

Attrition and Treatment Response

All participants, including those who dropped out, were
used in the intent-to-treat analyses, with the post-treat-
ment HAM-D score representing the last assessment for
dropouts. Cell sizes for each treatment group were 20,
24, and 15 for the cognitive behavior therapy, suppor-
tive-expressive group therapy, and sertraline groups, re-
spectively. Of the total number of 59, nine (15%) patients
eventually dropped out of treatment, leaving 50 treat-
ment completers. No participants in this sample
dropped out of the cognitive behavior therapy treat-
ment, six (10%) patients dropped out of the supportive-
expressive condition, and three (5%) dropped out of the
sertraline condition. Differences in attrition across treat-
ment groups were not significant (p=0.14). There were
no differences between participants who completed

TABLE 1. Patient and Disease Characteristics

Mean SD

Age 44.08 9.67
Education (Years) 15.29 2.33
Diagnosis Duration (Years) 8.46 7.38
Disability (AI) 2.48 2.05
Sex, n (%)

Male 15 (26.7%)

Female 44 (73.3%)
Ethnicity, n (%)

Caucasian 50 (83.3%)

African-American 3(5.0%)

Latino/a 2 (3.30%)

Asian/Pacific Islander 1 (1.7%)

Other 3 (5.0%)
RAVLT Delay Total 9.75 3.53
SLT Delay Total 6.17 1.55
Fluency Total 40.30 12.03
Stroop trial 1 time (in seconds) 92.48 23.59
Stroop trial 2 time (in seconds) 237.033 23.60

AI: Ambulation Index; RAVLT: Rey Auditory Verbal Learning
Test; SLT: 7/24 Spatial Learning Test
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treatment and those who dropped out on demographic,
HAM-D, disease severity, or neuropsychological perfor-
mance (all p>0.18). There was no change in MS disease
severity across treatment (p =0.78), or across treatments
(rANOVA p=0.51). Using rANOVA, a significant main
effect showed a reduction over time in the HAM-D
scores (F (1, 56) =31.82, p<<0.001), but no significant ef-
fect for treatment condition (p=0.51) (Table 2).

Neuropsychological Functioning Predicting Treatment
Response

There were significant time (pre- versus post-treatment)
x treatment (cognitive behavior therapy versus suppor-
tive-expressive group therapy versus sertraline) x co-
variate (neuropsychological performance) interaction
effects for the cognitive performance covariates of
Stroop [F (2, 53)=4.85, p<0.05), n*=0.16], RAVLT
[F (2, 53)=6.21, p<0.01, n*=0.19], and verbal fluency
[F (2, 53)=3.37, p<<0.05, n*=0.11], presented in Table 3.
In contrast, the covariate spatial learning test [F (2, 53) =
0.015, p=0.99] did not differentiate outcomes across
treatment groups.

The within-treatment hierarchical regression analy-
ses were performed to explicate the interactions effects
for the Stroop, RAVLT and verbal fluency (Table 4). The
Stroop predicted 28.7% (p<0.05) of the variance in re-
sidualized post-treatment HAM-D scores in patients
receiving sertraline, indicating that poorer perfor-
mance on Stroop predicted poorer treatment response.
In contrast, the Stroop predicted less than 1% of the
change in HAM-D scores among patients receiving
cognitive behavior therapy (p=0.72), and 9.9% of the
variance in supportive-expressive group therapy
(p=0.10) treatments. Performance on the RAVLT and
verbal fluency accounted for 26.1% (p<<0.01) and 25.7%
(p<<0.01), respectively, of the variance in residualized
post-treatment HAM-D scores in the supportive-ex-
pressive group therapy treatment group. In contrast to
the Stroop findings, poorer performances on the
RAVLT and verbal fluency predicted improvement in
HAM-D scores in the supportive-expressive therapy
group. In comparison, the RAVLT accounted for 6.8%
(p=0.36) and 3.6% (p=0.43) of the variance in post-
treatment depression scores in the sertraline and cog-
nitive behavior therapy groups, respectively. Verbal
fluency only accounted for 7.6% (p=0.33) and 7.2%
(p=0.26) of the variance in post-treatment depression
scores in the sertraline and cognitive behavior therapy
groups, respectively.
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DISCUSSION

Our primary hypothesis, that performance on measures
of executive functioning would predict poorer treatment

response to a 16-week course of antidepressant treat-
ment, was partially supported. This effect was specific
to executive functions as measured by Stroop tasks rela-
tive to other areas of executive (verbal fluency) or other

TABLE 2. Means and Standard Deviations for Hamilton Rating Scale for Depression

Baseline Post-Treatment
Group Mean SD n Mean SD n
CBT 19.85 4.03 20 13.35 7.22 20
SEG 19.54 5.17 24 14.46 7.47 24
Sertraline 17.40 3.91 15 13.73 5.96 15
Total 19.10 4.54 59 13.90 6.93 59
TABLE 3. Summary of Repeated Measures ANCOVAs Evaluating Time by Treatment: Covariate Is Neuropsychological Variable
F Sig. Partial &

Primary covariate: Stroop Color-Word Test

Time 8.94 <0.01 0.14

Time X Treatment 3.87 <0.05 0.13

Time X Stroop 0.65 0.42 0.01

Time X Treatment X Stroop 4.85 <0.05 0.15
Primary covariate: Rey Auditory Verbal Learning Test — Delayed Recall (RAVLT)

Time 3.94 0.05 0.07

Time X Treatment 5.70 <0.01 0.18

Time X RAVLT 0.01 0.92 0.00

Time X Treatment X RAVLT 6.21 <0.01 0.19
Primary covariate: verbal fluency

Time 11.85 <0.01 0.18

Time X Treatment 3.96 <0.05 0.13

Time X Fluency 2.86 0.10 0.05

Time X Treatment X Fluency 3.37 <0.05 0.11

After controlling for demographics significantly associated with neuropsychological covariates (age, gender, education), resulting p-values
are as follows: Time X Treatment X Stroop, p<<0.05; Time X Treatment X RAVLT, p<<0.01; Time X Treatment X Fluency, p=0.07.

TABLE 4. Summary of Hierarchical Regression Analyses across Treatment Conditions: Neuropsychological Variable Predicting Post-

Treatment HAM-D Scores

Predicting Post-Treatment HAM-D R? R’A B FA Sig.
Predictor: Stroop Color-Word Test
MED  Step 1: Pre-treatment HAM-D 0.03 0.03 0.17 0.39 0.54
Step 2: Stroop Color-Word Test 0.32 0.29 0.60 5.03 <0.05
CBT Step 1: Pre-treatment HAM-D 0.02 0.02 0.17 0.44 0.52
Step 2: Stroop Color-Word Test 0.03 0.01 0.09 0.14 0.72
SEGP Step 1: Pre-treatment HAM-D 0.19 0.19 0.44 0.03 <0.05
Step 2: Stroop Color-Word Test 0.29 0.10 —0.33 0.10 0.10
Predictor: Rey Auditory Verbal Learning Test (RAVLT)
MED  Step 1: Pre-treatment HAM-D 0.03 0.03 0.17 0.39 0.54
Step 2: RAVLT 0.10 0.07 —-0.30 0.90 0.36
CBT Step 1: Pre-treatment HAM-D 0.02 0.02 0.15 0.44 0.52
Step 2: RAVLT 0.06 0.04 -0.19 0.65 0.43
SEGP  Step 1: Pre-treatment HAM-D 0.19 0.19 0.44 5.31 <0.05
Step 2: RAVLT 0.46 0.26 —-0.55 10.1 <0.01
Predictor: verbal fluency
MED  Step 1: Pre-treatment HAM-D 0.03 0.03 0.17 0.39 0.54
Step 2: Verbal Fluency 0.11 0.08 —0.28 1.02 0.33
CBT Step 1: Pre-treatment HAM-D 0.02 0.03 0.15 0.44 0.52
Step 2: Verbal Fluency 0.10 0.07 0.27 1.35 0.26
SEGP  Step 1: Pre-treatment HAM-D 0.19 0.19 0.44 5.31 <0.05
Step 2: Verbal Fluency 0.45 0.26 0.54 9.84 <0.01

Treatment conditions: MED = medication (sertraline); CBT = cognitive behavior therapy; SEGP = supportive-expressive group psychotherapy
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neuropsychological functioning (memory). These re-
sults suggest that there may be differential executive
function predictors for treatment response, and that this
effect may be specific to cognitive processes evaluated
by Stroop tasks, which include response inhibition, con-
flict resolution, and general complex cognitive process-
ing.

These preliminary findings are largely consistent with
investigations in geriatric depression and younger pa-
tients with major depressive disorder, finding measures
of executive functioning as predictors of antidepressant
treatment response.'>'®* Although fluency measures
using perseverative error rates also predicted reduced
remission rates among patients enrolled in a standard-
ized treatment algorithm,'” we did not find an effect for
fluency in this investigation. However, we evaluated to-
tal fluency scores in our sample and did not conduct
error analyses which may prove more sensitive. A recent
study evaluating a nongeriatric cohort with major de-
pressive disorder found that performance on cognitively
complex tasks predicted treatment response to anti-
depressant therapies.”” Although Stroop tasks were not
used in this investigation, the complex nature of the
Stroop may partially explain our effect. In sum, the find-
ings from this investigation extend previous findings by
suggesting that neuropsychological deficits may be a
similar prognostic indicator in other populations, such
as MS. This phenomenon may be independent of spe-
cific disease state or syndrome and more strongly re-
lated to underlying neuropathology common to these
disparate disorders.

Our finding that performance on the Stroop task is
related to depression and treatment prognosis is hy-
pothesis-generating regarding potential pathophysio-
logical contributions. Dysfunction in fronto-subcortical
brain regions is associated with both depressive symp-
toms and executive dysfunction.®® Performance on
Stroop tasks can indicate dysfunction in frontal regions,
including anterior cingulate circuitry,” an area currently
under study as a potential mediator of antidepressant
response.

Imaging studies also provide clues regarding the role
of the anterior cingulate in treatment response. In late-
life depression, structural imaging studies found that
among poor treatment responders, performance on re-
sponse inhibition tasks was associated with microstruc-
tural abnormalities in the anterior cingulate.*® Anterior
cingulate dysfunction may influence treatment effects
by disrupting necessary cortical-limbic functions re-
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quired to facilitate response to pharmacotherapy.?’?! In

psychotherapy, response to treatment may depend less
on the integrity of the anterior cingulate, but rely on
other neural systems,*” which may explain why perfor-
mance on response inhibition tasks failed to predict out-
comes in our psychotherapy conditions.

Our findings that poorer performance on other exec-
utive measures (i.e., fluency) and that verbal memory
predicted improved treatment response in the suppor-
tive-expressive group therapy condition is both novel
and unexpected. It is possible that this finding is unique
to our sample; however, the consistency across measures
suggests that this effect on psychotherapy outcomes is
worthy of further study. As a result of cognitive deficits,
these patients may be particularly responsive to emo-
tional support available in group treatments as com-
pared to conceptually difficult treatment strategies (e.g.,
cognitive interventions). The group treatment relied
upon emotional expression and social support as the ve-
hicle for change.”® We also speculate that the greater im-
provement among patients with cognitive deficits is
rooted in the social consequences of these impairments.
As cognitive dysfunction increases among MS patients,
social support deteriorates.>’ Therefore, a treatment pro-
viding social support can significantly improve well-be-
ing for cognitively impaired patients without adequate
support.*! This argument may also apply to the medi-
cation treatment group, as they received far less social
contact than the group treatment condition. Therefore,
the role of social support in mediating treatment re-
sponse in patients with cognitive impairments deserves
further investigation.

There are several limitations to this study. First, the
sample sizes are small, and further investigations rep-
licating these preliminary findings are warranted. An
additional limitation is the “post-hoc” nature of this in-
vestigation. Prospective investigations of cognitive pre-
dictors of depression treatments in MS are necessary. In
addition, we were unable to fully characterize depres-
sive disorders in our cohort, including data on family
history and onset of depressive disorder in relation to
onset of MS. Frontosubcortical structural alterations are
associated with MS lesions, but also with familial major
depression.*> These structural changes may precipitate
and predispose patients to developing depressive dis-
orders, and may influence response to antidepressant
medications.**** Future studies better characterizing de-
pressive disorders in MS will help to elucidate etiolog-
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ical factors and predictors of treatment response among
MS patients with depression.

To our knowledge, this is the first investigation eval-
uating depression and neuropsychological predictors of
depression treatment outcomes in MS. We hypothesize
that both depression and the executive dysfuction may
be precipitated by an underlying brain dysfunction con-
tributing to poor antidepressant response. The relation-
ship among executive dysfunction and antidepressant

effects in MS needs to be studied prospectively, along
with further evaluation of specific brain regions associ-
ated with executive functioning, depression, and treat-
ment, in order to clarify these hypothesized brain-be-
havior relationships.

Supported by grants FG1481 Al and RG2719 A12 from
the National Multiple Sclerosis Society, and NIMH grant
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