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including speed of processing, are particularly common [2].
People with attentional system deficits from MS, or other
conditions such as frontal lobe lesions or aging, may have
memory deficits secondary to the attentional problems [3–
5]. These attentional systems, along with the interrelated
alertness systems, are more affected by drugs than other
aspects of cognitive function. This is especially true for
drugs with direct effects on neurotransmitters that are
involved in the relatively nonspecific cortical projection systems (acetylcholine, norepinephrine, dopamine, serotonin,
and histamine) or widely distributed cortical neurotransmitters (gamma-aminobutyric acid). Thus, a confounding issue
in the study of cognition in MS is the frequent presence of
medications with central nervous system (CNS) activity.

Abstract—To evaluate the potential effects of medications
with central nervous system (CNS) activity on cognitive function and fatigue in multiple sclerosis (MS), we performed a retrospective analysis of medication use among 70 subjects with
MS who were participating in a clinical trial for evaluation of
the effects of yoga and exercise programs on cognition and
fatigue. Among these MS subjects, 74% were taking at least
one potentially CNS-active medication. These 70 subjects were
divided into two groups: those taking at least one CNS-active
medication (n = 52) and those not on any medications with
potential CNS activity (n = 18). We compared assessments of
cognitive function and fatigue using an analysis of covariance.
MS subjects on CNS-active medication had greater impairment
on measures of processing speed, sustained attention, and
fatigue than those not on these medications. While these findings do not establish a causal relationship between medication
use and cognitive impairment and fatigue, the data indicate that
researchers need to control for use of CNS-active medications
when conducting studies of cognitive impairment and fatigue
in MS subjects.
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INTRODUCTION
Many cognitive function changes occur with multiple
sclerosis (MS) [1–2]. These cognitive changes may involve
almost any area of cognition, although deficits in attention,
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Many CNS-active drugs are known to affect cognitive
function [6–7]. People who may already experience some
cognitive impairment such as MS patients, as well as elderly people and patients with traumatic brain injury, are at
higher risk than most people for additional cognitive dysfunction from medications [6]. Among these drugs with
negative effects on cognitive function, antiepileptic drugs
(AEDs) may be the most clinically studied. All AEDs
have some negative effects on cognitive function as
assessed by blinded placebo-controlled studies in healthy
subjects, although some relative differences exist among
the AEDs in the magnitude of these effects [8]. One point
of potential relevance to MS is that subjective complaints
of cognitive dysfunction from AEDs often exceed deficits
identified by more formal neuropsychological testing,
although cognitive tests sensitive to the effects of AEDs
may require greater effort [9–10]. Many other drugs used
by people with MS may negatively affect cognitive function as assessed by controlled trials in healthy control
subjects, patient groups, or animals. This list includes tricyclic antidepressants, anticholinergics, first generation
antihistamines, baclofen, beta-blockers, amantadine, selective serotonin reuptake inhibitors (SSRIs), and benzodiazepines [6–7,11–21]. On the other hand, methylphenidate
and related drugs (modafinil) improve some cognitive
functions in healthy subjects [11,22–23].
In many studies of MS and cognition, including some
clinical trials, relatively little attention has been paid to
the issue of CNS-active drugs [24]. We performed this
retrospective analysis of data from an MS clinical trial to
ascertain the frequency of use of medications that may
unfavorably alter cognition in MS patients and to begin
to probe the degree to which these drugs may negatively
affect cognitive function and fatigue.

METHODS
Subjects
Data collected at Oregon Health & Science University (OHSU) from a recent MS clinical trial were analyzed. The 70 MS subjects in this analysis were from a
clinical trial that compared ambulatory MS subjects in a
6-month yoga and exercise program with healthy control
subjects. The results of this clinical trial have been
reported, and only data from the first evaluation prior to
randomization to treatment arms were analyzed for this
study [25].

The study had approval of the OHSU Institutional
Review Board and all subjects provided written informed
consent. For inclusion in the study, subjects were between
18 and 65 yr with a clinical diagnosis of MS [26]. For
consistency in the exercise and yoga intervention, only
subjects with an Expanded Disability Status Scale (EDSS)
of 6.0 or less, i.e., able to walk 100 m with at most unilateral support [27], were enrolled. For this relatively shortterm, nonpharmaceutical trial, we included subjects with
either relapsing-remitting or progressive MS subtypes.
Subjects spoke English as their primary language. We
screened prospective participants for other major medical
problems with a medical history and physical examination
to ensure the safety of the intervention and to exclude subjects with an underlying medical illness that may impair
cognition. Subjects were excluded for any of the following reasons: insulin-dependent diabetes; uncontrolled
hypertension; evidence of liver or kidney failure; significant lung disease; alcoholism or other drug abuse; symptoms or signs of congestive heart failure, ischemic heart
disease, or significant valvular disease; or significant
visual impairment, i.e., best-corrected visual acuity worse
than 20/50 binocularly. Subjects did not have baseline
testing within 30 days of an MS exacerbation.
Medications
For descriptive purposes, medications known to have
potential CNS activity were grouped into classes, e.g.,
AEDs or SSRIs (Table 1). Subjects who were not taking
CNS-active medications that might impair cognitive function were assigned to one group. Statins and diuretics, for
example, were medications in this category. Recombinant
interferon-β was considered to not have CNS activity
because cognitive impairments have been shown not to
occur from the interferon-β doses used to treat MS. Glatiramer acetate was also considered to not have CNS
activity. Methylphenidate and modafinil were not considered to have CNS activity because they are more likely to
improve measures of attention and fatigue in healthy subjects than to impair them. Second generation antihistamines that have very limited effects on cognitive function
in healthy subjects were also considered to have no CNS
activity. Subjects taking CNS-active medications with
mild or infrequent side effects on cognition or fatigue (e.g.,
SSRIs [21], beta-blockers [20], anticholinergics for bladder dysfunction [13,16]) or drugs with more consistent or
more marked negative effects on cognitive function
or fatigue (e.g., benzodiazepines, tricyclic antidepressants)
were assigned to a second group.

85
OKEN et al. MS and CNS-active medications

Table 1.
Percentage of multiple sclerosis patients who were taking different
drugs or classes of drugs (N = 70).

Drug/Class
Selective Serotonin Reuptake Inhibitor
Antiepileptic
Baclofen
Other Psychoactive (bupropion, trazodone)
Amantidine
Anticholinergic
Modafinil, Methylphenidate
Tricyclic Antidepressant
Benzodiazepine
Other than Nonsteroidal Anti-Inflammatory
or Acetominophen
Tizanidine
Ginkgo
Not Central Nervous System Active

Percentage
29
17
16
17
17
13
8.6
7.1
8.6
5.7
5.7
16
16

Assessments
Cognitive Testing
The cognitive assessments used in this study were
chosen because of their sensitivity to the yoga or exercise
intervention and were not specifically chosen for maximal detection of neurotoxicity from CNS-active medications or MS-related cognitive deficits. When choosing
cognitive tests to evaluate attention and other cognitive
functions, we know that no cognitive test can completely
isolate a single aspect of cognitive function. For example,
the Paced Auditory Serial Addition Test (PASAT) [28] is
a reliable attention test that has been used extensively in
MS research even though performance on the test correlates with tests of working memory, sustained attention,
and arithmetic ability [29]. Additionally, we needed the
testing duration to be less than 2 hr to avoid excessive
subject fatigue, and this limited our ability to use other
reasonable cognitive tests.
Alertness
Alertness was measured with two self-reported subjective scales, the Stanford Sleepiness Scale [30] and the
Profile of Mood States (POMS) [31], which have both
been shown to be sensitive to drug effects [11,32].
Sustained and Focused Attention
The PASAT was administered because MS alters
performance on the PASAT, and it is frequently used in

MS studies [28,33]. Performance on the Stroop colorword test [34] was used because it is a measure of attention that is sensitive to frontal lobe function [35].
Computerized Cognitive Assessments
For the attentional shifting, divided attention, and
reaction time (RT) tests, subjects were seated comfortably
70 cm in front of a 39 cm-wide color television monitor in
a sound-attenuated room. For some of the tasks, subjects
were instructed to maintain eye fixation at the center of
the screen. Eye position was monitored with online pointof-regard information from an infrared-corneal reflection
system (Iscan, Cambridge, Massachusetts) and a closedcircuit television camera. If subjects moved their eyes
from the central fixation point during testing, the examiner instructed them to refixate at the center of the screen.
Attentional Shifting. The covert orienting of spatial
attention task compares RT when targets are validly cued,
neutrally cued, invalidly cued, or not cued [32,36–37].
The paradigm consisted of a series of 180 images that
each contained a single shape to the left or right of a central fixation point, which occurred equally on the left or
right side usually after a centrally placed arrow pointing
left or right. Median RTs were calculated for the four cue
conditions, and the ability of the subject to shift attention,
the invalid-valid RT difference, was calculated.
The other attentional shifting task was adapted from
that used in the Cambridge Neuropsychological Test
Automated Battery and is related to the Wisconsin Card
Sorting Test. It allows attentional shifting to be broken
down into three types: intradimensional, reversal, and
extradimensional, with some anatomic localization for
each demonstrated in human and nonhuman primates
[38]. The outcome measure was the number of shifts performed correctly.
Divided Attention. A modified useful field of view
(UFOV) [39] task was chosen as a divided attention test,
since it has ecologic validity relative to driving ability
and has been previously shown to be altered in people
with MS [39–41]. Additionally, the test assesses processing speed relatively independently of the speed of motor
response. We adapted the commercially available
UFOV-Part 3, which requires discrimination between a
central car or van and simultaneous detection of the location of a peripheral car placed within a field of inverted
triangles. The adaptation allowed us to determine the precise temporal perceptual threshold; i.e., the minimum
stimulus duration necessary for the subject to respond
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correctly 75 percent of the time. The test included an
implementation of the best algorithm for parameter estimation by sequential testing for psychophysical threshold
determination [42]. The decrease and increase of display
time continued until the threshold (75% accuracy) was
crossed twice. In addition to the threshold determination,
we calculated the number of errors made at durations
above threshold and divided it by the number of trials
above threshold to determine the percentage error rate at
durations above threshold. This error rate reflects lapses
in attention for stimulus processing, since the subject is
known to be able to accurately process the stimuli at
these durations most of the time.
Reaction Time. Simple and choice median RTs were
measured. Stimuli appeared in the center of the screen separated by random intervals between 1 and 4 s. For the simple
RT we presented 30 circles and for the choice RT we presented 64 stimuli, equal numbers of numerals one and two.
The subjects were instructed to push response button(s) as
soon as the stimuli appeared.
Other Neuropsychological Assessments
Two other cognitive assessments possibly affected
by drugs were also administered: a 10-word list learning
task (delayed memory adjusted for immediate recall) [43]
and the Wechsler Adult Intelligence Scale®—Third Edition (WAIS®–III) letter-number sequencing for assessment of working memory [44]. The Nine-Hole Peg Test
was also administered as part of the MS Functional Composite score.
Fatigue
Fatigue was assessed with the POMS fatigue and vigor
subscales [31], the Multidimensional Fatigue Inventory
[45], and the energy and fatigue (vitality) measures on the
36-item short-form (SF-36) health-related quality-of-life
assessment [46]. Depression was assessed with the POMS
and the Center for Epidemiologic Studies Depression
Scale 10-item short form (CESD-10) [47].
Analysis
We performed analysis of covariance (ANCOVA) on
the cognitive data and fatigue assessments and separated
the subjects into those taking no CNS-active medications
and those taking one or more CNS-active medications.
EDSS and age were used as covariates if they were
related to the outcome measures (p < 0.10). For the 10
cognitive and 9 fatigue measures, we performed a multi-

variate analysis of covariance (MANCOVA) to establish
the overall significance of the differences between the
two drug-taking groups and to account for the use of multiple comparisons.

RESULTS
Drug use data were available for 70 subjects who had
an EDSS score ranging from 1.0 to 6.0. Of the 70 subjects, 74 percent were taking at least one medication with
CNS activity that may directly affect cognitive function
(Table 1). These subjects took a mean of two CNS-active
medications (range 1 to 5). The most common medication
was an SSRI, but moderate numbers of subjects were taking AEDs (mostly gabapentin for pain), baclofen, amantadine, and anticholinergics (for bladder symptoms).
Demographic data are shown in Table 2. We performed an overall MANCOVA to compare the cognitive
data and fatigue assessments between subjects taking at
least one CNS-active medication and those not taking
any CNS-active medications. EDSS score and age were
considered possible covariates, but EDSS score was the
only significant variable and the only one we used as a
covariate. The cognitive and fatigue data from the individual measure comparisons are shown in Table 3, with
one of the fatigue measures significant by conservative
Bonferroni criteria. Covariance for EDSS score was
especially relevant because a significant relationship
existed between EDSS score and the drug categories,
with subjects taking more medication having a higher
mean EDSS than those taking less medication (Table 2).
The only cognitive tests that significantly differed (p <
0.05) in the two groups were choice RT (p = 0.02) and the
percent errors above threshold in the divided attention task
Table 2.
Characteristics of study population (N = 70). Mean ± standard deviation
unless otherwise noted.

No CNS-Active
Drugs (n = 18)
Women (No.)
17
Age (yr)
44.7 ± 8.7
EDSS
2.4 ± 1.1
CESD-10
6.2 ± 3.4
Variable

≥1 CNS-Active
Drugs (n = 52)
49
50.3 ± 8.2
3.1 ± 1.6
10.3 ± 5.2

p-Value*
0.97
0.02
0.04
0.003

*p-value for sex is Pearson χ 2; other p-values are t-test.
EDSS = Expanded Disability Status Scale, CESD-10 = Center for Epidemiologic
Studies Depression Scale 10-item short form, CNS = central nervous system.
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Table 3.
Cognitive and fatigue measures in multiple sclerosis patients grouped by whether or not subjects were taking medications with central nervous system (CNS) side
effects (mean ± standard deviation and analysis of covariance results).

Variable
Cognitive Measures
Set Shifting (adapted CANTAB)
Stroop Interference (s)
PASAT
Simple RT (ms)
Choice RT (ms)
Spatial Attention Shift (ms)
Delayed Word Recall (%)
Letter-Number Sequencing
Divided Attention (UFOV)
Threshold (ms)
Errors Above Threshold (%)
Nine-Hole Peg (s)
Fatigue Measures
Multidimensional Fatigue Inventory
General Fatigue
Physical Fatigue
Reduced Activity
Reduced Motivation
Mental Fatigue
POMS
Vigor
Fatigue
SF-36 Vitality
Stanford Sleepiness Scale

No CNS-Active Drugs

≥1 CNS-Active Drugs

p-Value

9.6 ± 1.7
8.6 ± 3.8
44.0 ± 10.1
325 ± 111
485.3 ± 68.5
48.2 ± 65.3
86.1 ± 15.9
11.0 ± 2.4

8.9 ± 2.5
11.9 ± 7.1
45.4 ± 10.5
378.9 ± 139.1
575.6 ± 126.5
47.1 ± 49.9
86.8 ± 26.6
11.4 ± 2.6

0.27
0.07
0.65
0.07
0.02
0.94
0.93
0.08

84.1 ± 66.8
3.7 ± 3.1
22.5 ± 3.3

106.4 ± 127.8
5.8 ± 3.7
24.5 ± 4.6

0.97
0.03
0.41

12.7 ± 3.8
12.2 ± 3.8
9.9 ± 4.4
8.3 ± 3.0
10.3 ± 4.8

15.2 ± 3.3
14.6 ± 3.7
12.6 ± 4.1
10.4 ± 3.2
11.6 ± 4.6

0.003
0.07
0.09
0.01
0.31

13.9 ± 5.6
8.9 ± 7.0
51.3 ± 20.8
2.0 ± 0.8

12.9 ± 5.3
13.2 ± 7.2
38.1 ± 18.5
2.2 ± 1.0

0.51
0.03
0.02
0.53

CANTAB = Cambridge Neuropsychological Test Automated Battery, PASAT = Paced Auditory Serial Addition Test, POMS = Profile of Mood States, RT = reaction
time, SF-36 = 36-item short form, UFOV = useful field of view.

(p = 0.03). The other cognitive tests (PASAT, simple RT,
Nine-Hole Peg, word-list memory, covert orienting of spatial attention, and set shifting) were not significantly different in the two groups, although trends toward significance
(p < 0.10) were noted for the Stroop color-word test, simple RT, and WAIS®–III letter-number sequencing. The
fatigue measures showed greater differences in the two
groups than the cognitive measures, with most of the
measures either statistically significant at p < 0.05 or trending toward significance (p-values < 0.10). Exclusion of the
6 out of 70 subjects who were taking CNS stimulants did
not significantly change the analysis. One major confounding factor with these drug analyses is the presence of
depression. CESD-10 scores were significantly higher in
the group taking CNS-active medications (mean 10.3 vs
6.2, p = 0.01), and the CESD-10 scores had a significant
correlation with the fatigue measures. While covariance

for depression (POMS or CESD-10) did not alter the effect
of the drug group on cognitive function, it did alter the
effect on fatigue. Covariance for depression in the
ANCOVA reduced the statistical significance of all the
fatigue measure differences: the lowest p-value increased
to 0.15 when covariance for depression was present.

DISCUSSION
The majority of MS patients in this study were taking
medications known to have a negative effect on cognitive
function, and they were taking an average of two of these
medications. The most commonly used drugs were SSRIs,
AEDs, and baclofen. A correlation existed between use of
CNS-active medications and some measures of attention
and fatigue. Because of the many factors interrelated with
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CNS-active drug use, including severity of disease, presence of depression, and presence of pain, which may all
contribute to cognitive changes, we cannot determine
cause and effect between use of CNS-active drugs and
cognitive dysfunction in this retrospective study.
The cognitive tests most related to drug use were
those dependent on sustained attention and processing
speed. The slower choice RT in medicated subjects is
probably not simply an effect on motor systems, since the
divided attention task measure that also showed a difference was independent of a timed motor response and no
difference was noted in the Nine-Hole Peg Test. The cognitive effects are not likely related to multiple comparisons since the overall MANCOVA was significant.
Additionally, 2 of the 10 measures were significant at
the 0.05 level and 3 more trended toward significance
with p-values between 0.05 and 0.1. For 5 of the 11 cognitive measures to have a p-value <0.1 on a random basis
is very unlikely (binomial test, p = 0.003). The specific
cognitive functions that were related to drug usage
require more effort and most have a time component.
These types of tasks more than others are more likely to
be affected by AEDs such as gabapentin, even though
subjective complaints of cognitive dysfunction may
exceed objective measures, even in healthy controls [10].
Given the number of different medications and the
limited numbers of subjects, we did not have sufficient
statistical power in the study to determine the complete
extent of the drug effects and which drugs may have
greater effects. More definitive results depend on larger,
future studies.
Fatigue is a common and potentially disabling symptom in MS [48–50]. Some aspects of fatigue in MS relate
to depression, but some are not clearly related to depression [25,48,51–52]. Fatigue in MS is relatively independent of disease severity as assessed by EDSS or magnetic
resonance imaging [25,48,51,53]. Some CNS-active
medications may produce complaints closely related to
fatigue and, in this study, subjects taking CNS-active
medications had greater complaints of fatigue than subjects taking none. This relationship could not be disentangled from the effect of depression because both
depression and CNS-active medications, some of which
treat depression, were related to fatigue. Whichever
effect on fatigue is more significant, depression or medications, it remains important for the clinician and
researcher evaluating fatigue to consider the effects of
CNS-active medications.

CONCLUSION
The results of this study emphasize the importance of
considering the effects of medications in clinical studies
of cognitive function and fatigue in MS. Use of medications with CNS activity is typically controlled for in most
clinical trials with Alzheimer’s patients. Many, but not all,
of these clinical trials allow stable doses of certain CNSactive agents such as SSRIs and beta-blockers. Subjects
on other drugs with greater effects on cognitive function,
such as tricyclic antidepressants and benzodiazepines, are
more typically excluded. However, simple exclusion in
MS clinical trials may not be practical because of the high
frequency of use of CNS-active medications in people
with MS. Some of the relatively stringent drug exclusion
criteria that have been used for Alzheimer’s disease trials
may contribute to recruitment problems for clinical trials
of cognitive dysfunction in MS [54]. Without these exclusions, though, we are unsure as to how much the change
in cognitive function is related to the intervention and
how much to a change in CNS-active medications. Use of
CNS-active medications should be included as a covariate
in data analysis of clinical trials that assess effects on
cognition and fatigue. Cognitive and fatigue outcome data
from future clinical trials in MS need to more clearly
address the issue of concurrent CNS-active medication
use.
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