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Abstract—Up to 70% of multiple sclerosis (MS) patients
experience cognitive dysfunction during the course of their dis-
ease. The most often affected domains are attention, memory,
and information processing speed. Sequelae of cognitive dys-
function include negative effects on activities of daily living,
employment, and relationships. This article reviews cognitive
dysfunction in MS and focuses specifically on assessment,
imaging, and risk factors. A number of neuropsychological
batteries have been developed specifically for assessing cogni-
tive dysfunction in MS patients. Trade-offs in length, adminis-
trative support, and efficiency exist between the various
batteries. Modern imaging techniques provide a clearer picture
of MS-related damage to the central nervous system, which is
the major cause of cognitive dysfunction. Additionally, candi-
date risk factors have been identified that may help predict
which patients will develop cognitive dysfunction.
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INTRODUCTION

Neuropsychological research over the past two decades
has provided definitive evidence that multiple sclerosis
(MS) causes deterioration in cognitive function in 30 to
70 percent of MS patients [1]. The severity of cognitive
dysfunction in MS varies, as does the pattern of deficits.
The domains that are most often affected are attention,

memory, and information processing speed. Visuospatial
perception and executive functioning may also be impaired,
but language and intellectual function are typically pre-
served. The cognitive deficits seen in MS implicate a sub-
cortical pathology similar to the subcortical dementias
associated with other chronic diseases [2]. Sequelae of cog-
nitive dysfunction include negative effects on activities of
daily living (ADL), employment, and relationships [3].

In a review of the literature, Wishart and Sharpe
found significant individual differences in the cognitive
presentation of MS [4]. The authors noted that physical
symptoms of the disease are not highly correlated with
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cognitive symptoms. For example, patients with numerous
physical symptoms may not have significant cognitive
symptoms. Conversely, patients with numerous MS-
related cognitive difficulties may have minimal physical
symptoms. Evidence from one longitudinal study indi-
cates that physical and cognitive function tend to con-
verge if follow-up is long enough [5]. Nonetheless,
physical disease does not appear to be the best predictor
of cognitive dysfunction in MS. Although the variables
that lead to cognitive dysfunction in MS are not well
understood, advances in neuroimaging and genetic tech-
nology provide promising approaches to the discovery of
new predictors.

In this article we review cognitive dysfunction in MS
and focus on assessment, imaging, and risk factors. Fac-
tors that affect the development or progression of cogni-
tive dysfunction will be discussed. Treatment for MS
cognitive dysfunction is limited and we refer the reader
to recent reports for more information [6–9]. Therapy
options will not be discussed in this review.

ASSESSMENT

Like physical disability, cognitive dysfunction has
major implications for ADL, employment, and independ-
ence. Because cognitive dysfunction is seen in approxi-
mately half of all MS patients [1,10–11], detection,
characterization, and monitoring of its progression
should be part of routine care. Assessment of comorbid
disorders that may influence and even mimic cognitive
dysfunction is also important. Among the most common
comorbid disorders are depression and fatigue. Recent
reports have shown that depression and fatigue are com-
monly seen with cognitive dysfunction [12–13] and may be
the result of MS-related neuronal dysfunction [14]. Inde-
pendently, either disorder can cause poor attention and
psychomotor slowing. The Beck Depression Inventory
[15] and the Fatigue Severity Scale [16] are commonly
used for assessing depression and fatigue, respectively.

Since MS can affect various sites within the brain, no
single cognitive deficit pattern is characteristic of all
patients with MS. However, specific deficits tend to be
seen in MS, especially earlier in the disease. These defi-
cits include problems with memory, attention, executive
functioning, generative fluency, and information processing
speed [1,10]. This constellation of problems is frequently
associated with subcortical lesions as opposed to the deficit

patterns often associated with more diffuse cortical brain
involvement [17]. Rarely, MS has been found to produce
classic cortical deficits [18]. A model for the most com-
monly seen problems in MS will provide strategies for
assessment.

The benchmark for specific assessment of cognitive
function in MS patients has been the comprehensive neuro-
psychological assessment battery. Neuropsychological
examinations can be conducted for detecting cognitive
changes, monitoring treatment effects, characterizing
deficits for rehabilitation planning, or documenting the
range of patient impairment for guiding decisions regard-
ing disability. Unfortunately, comprehensive neuropsy-
chological testing can be expensive and rather lengthy.
Thus, a main thrust of MS assessment work over the last
several years has been the development of shorter batter-
ies for screening. These batteries focus on cognitive dys-
function associated with subcortical disease.

In this article, we emphasize screening methods for
detecting cognitive dysfunction associated with MS,
identifying temporal trends, and monitoring functional
status. The batteries highlighted in Table 1 reflect three
of the main schools of thought regarding screening of MS
patients for cognitive dysfunction:
1. Short screening with traditional measures in a neurolo-

gist’s office.
2. Testing by a neuropsychologist with a minimal (but

comprehensive) neurocognitive battery.
3. Testing with automated, computerized measures in a

neurologist’s office or as part of a clinical trial.
Rao et al. proposed a brief battery for assessing cog-

nitive changes in MS [1]. This Brief Repeatable Battery
of Neuropsychological Tests (BRB-N) was designed for
use by nonneuropsychologists. Thus, it can be adminis-
tered and scored in a neurologist’s office. The BRB-N is
composed of the Buschke Selective Reminding Test, the
7/24 Spatial Recall Test, the Paced Auditory Serial Addi-
tion Test (PASAT), and the Controlled Oral Word Associa-
tion Test (COWAT). Other researchers have added the
Symbol Digit Modalities Test (SDMT) to this battery.
The battery can be administered in approximately 20 to
30 minutes depending on the patient and the exact com-
position of tests. At least one alternate form is available
for most of the tests recommended by Rao [19].
Although the battery has specificity of 94 percent and
sensitivity of 71 percent when used for detecting cogni-
tive dysfunction in MS patients, test-retest reliability
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appears to be low. Thus, the BRB-N may not be useful
for monitoring therapeutic efficacy in clinical trials [19].

A committee sponsored by the Consortium of MS
Centers proposed a somewhat longer battery that was
time-efficient and comprehensive in its coverage of defi-
cits commonly seen in MS [20]. The Minimal Assess-
ment of Cognitive Function in MS (MACFIMS) was
compiled for neuropsychologists to use as a battery; it
contains the minimal number of measures necessary for
the comprehensive assessment of MS patients. Thus, non-
neuropsychologists cannot use it in a general neurology
practice. The battery covers major MS cognitive deficits,

including processing speed, working memory, learning
and memory, executive functioning, visuospatial pro-
cessing, and word retrieval. The recommended measures
for the MACFIMS battery are listed in Table 1.

The MACFIMS can be administered in approxi-
mately 90 minutes. Although adequate sensitivity and
specificity were reported in the original article about the
MACFIMS, little research using this battery has been
published. Thus, no data exist regarding its usefulness in
assessing medication efficacy.

An alternate approach that uses a brief, repeatable
computerized battery has been piloted as an initial screening

Table 1.
Three approaches to cognitive dysfunction screening in multiple sclerosis patients.

Screening Battery Component Tests Cognitive Domain Assessed
Brief Repeatable Battery of Neuro-

psychological Tests [1]
Buschke Selective Reminding Test Verbal learning and memory
7/24 Spatial Recall Test Visual learning and memory
Paced Auditory Serial Addition Test 

(PASAT)
Working memory and resistance to 

interference
Controlled Oral Word Association Test 

(COWAT)
Verbal fluency and word retrieval

Symbol Digit Modalities Test (SDMT) Processing speed and working memory

Minimal Assessment of Cognitive 
Function in Multiple Sclerosis [2]

PASAT [1] Working memory and resistance to 
interference

SDMT Processing speed and working memory
California Verbal Learning Test-II Verbal learning and memory
Brief Visuospatial Memory Test-

Revised
Visual learning and memory

Delis-Kaplan Executive Function 
System

Executive functioning and problem 
solving

Judgment of Line Orientation Visuospatial processing
COWAT Verbal fluency and word retrieval

Automated Neuropsychological 
Assessment Metrics [3]

Simple Reaction Time Psychomotor speed
Procedural Reaction Time Choice reaction time
Code Substitution Processing speed and working memory
Code Substitution Delay Memory
Running Memory: Continuous 

Performance Test
Processing speed and working memory

Math Processing Mental calculations
Sternberg Memory Search Memory
Logical Relations Problem solving and reasoning
Finger Tapping Motor speed
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battery for patients with MS [21]. This computerized
screening battery uses the Automated Neuropsychological
Assessment Metrics (ANAM) battery that was developed
by the Department of Defense and is currently available
to the Department of Veterans Affairs (VA) and other
research institutions. The impetus behind this approach
was the development of a brief, economical method of
screening MS patients with cognitive changes. Patients
who show potential cognitive changes during screening
can be referred for a more comprehensive neuropsycho-
logical examination. Patients not showing cognitive
changes would not be tested further.

The brief computerized MS battery was derived from
the larger ANAM test system [22–23]. The ANAM test
system is composed of approximately 40 tests that assess
mood and various aspects of cognitive and motor func-
tioning. The brief computerized battery has been used
with MS patients [21] and is similar in length to the
BRB-N developed by Rao et al. [1]. Current data support
the sensitivity of this brief, automated screening proce-
dure with MS, and investigations of the methodology
continue.

Because the ANAM is automated, a patient can
complete testing with only the assistance of a test admini-
strator. The training of test administrators will vary
depending upon whether they work in a Federal or non-
Federal institution and the applicable licensing laws in a
given state. The results, however, still require interpreta-
tion by a neuropsychologist. Thus, the ANAM could be
used in a neurology office for triage. In addition, the
ANAM has many alternate forms and can be used for fol-
lowing changes throughout the course of the disease and
in response to medication. The ANAM’s response-time
precision makes it ideal for detecting the subtle changes
in information processing speed that are often observed
in MS patients. This feature is also helpful for accurately
tracking temporal trends or effects of treatment on cogni-
tive status.

Preliminary research with the ANAM indicates that it
correctly categorizes MS patients as cognitively intact or
impaired. Specifically, a logistic regression indicated that
the ANAM accurately predicted the performance of 48
patients as intact or impaired 96 percent of the time [21].
Presently, follow-up studies are being conducted for fur-
ther validation of ANAM use with MS patients. Of note,
an Internet-enabled version of the ANAM will be used in
a telemedicine initiative of the VA MS Center of Excel-
lence (MSCoE) East, Baltimore, Maryland.

IMAGING CHARACTERISTICS

Biomarkers of a disease are characteristics that are
objectively measured and are indicators of normal bio-
logical processes, pathological processes, or pharmaco-
logical responses [24]. Neuroimaging is the most well
studied biomarker of cognitive dysfunction in MS. Mod-
ern imaging techniques provide a clearer picture of dam-
age to myelin and neurons within the central nervous
system (CNS), which is the major cause of cognitive
dysfunction. Demyelination and axonal transection in
white matter lesions are evident on traditional magnetic
resonance imaging (MRI) scans. In addition, newer
imaging procedures can also differentiate structural dam-
age to neurons in normal-appearing white and gray mat-
ter (via MRI spectroscopy and diffusion-weighted MRI)
and can map real-time CNS activation during neuropsy-
chological testing (via functional MRI).

Standard MRI provided the earliest evidence that the
extent of cerebral involvement is the key predictor of cog-
nitive dysfunction in MS. Overall T2* lesion area [25], T1†

and T2 lesion load [26–27], and number of juxtacortical
lesions [28] predict deterioration across a number of cogni-
tive domains. Given that cerebral atrophy is increasingly
associated with worsening MS, volumetric analysis has
also been the focus of much recent research on cognition.
Studies looking at total brain parenchymal volume have
indicated that global atrophy is strongly correlated with
development of cognitive dysfunction in MS [29–30].
When the association between volume and size of individ-
ual structures (e.g., ventricle width, bicaudate ratio) and
cognitive dysfunction was examined, central atrophy as
measured by the third ventricle width more strongly pre-
dicted cognitive dysfunction than either global atrophy or
lesion load [31]. Such data have led many in the field to
consider that brain volume more accurately predicts cogni-
tive dysfunction than traditional lesion burden.

Newer brain imaging techniques such as magnetiza-
tion transfer, diffusion tensor imaging, and functional
MRI have enabled researchers to examine brain regions
that appear normal on traditional MRI scans. For example,
Audoin et al. showed that compared with controls, early
relapsing-remitting MS patients had greater activation in

*Characteristic decay time caused by dephasing of coherent proces-
sion of nuclei following radio frequency pulse.

†Longitudinal relaxation time that reflects time taken for nuclei to
return to thermal equilibrium.



67

WALLIN et al. Cognitive dysfunction in multiple sclerosis
the right frontal cortex, bilateral prefrontal cortex, and
right cerebellum when performing an attention task [32].
These changes imply that MS patients use compensatory
cortical activations early in their disease course. Diffu-
sion tensor MRI techniques have found moderate correla-
tions among normal-appearing brain tissue, both white
and gray matter, and cognitive testing [33]. MRI spec-
troscopy can been used for quantitation of neuronal loss
by measurement of N-acetyl aspartate levels in a desired
brain region. Pan et al. found significant correlations
between high periventricular N-acetyl aspartate levels
and impaired performance on cognitive testing [34]. In
sum, mounting evidence indicates that damage to white
and gray matter structures within the CNS is significantly
correlated with cognitive dysfunction in MS [29–35].
Continued study and improved imaging techniques may
better elucidate the pathology of cognitive dysfunction in
MS and the compensatory mechanisms that MS patients
with cognitive dysfunction use.

RISK FACTORS

Cross-sectional, retrospective, and prospective study
designs can be used for evaluating risk factors. Tradition-
ally, a risk factor is defined as a demographic characteristic,
environmental exposure, event, or genetic factor that influ-
ences the probability of developing a given condition. It is
a broad term that includes biomarkers or any potential etio-
logic agent under study that may influence a disease.
Unfortunately, few studies have evaluated risk factors for the
development of cognitive dysfunction in MS. The majority
of recent studies have been cross-sectional or retrospective
[1,35–42] and the remainder longitudinal [5,43–47].

Table 2 lists some recently reported risk factors for
cognitive dysfunction in MS. These variables should be
considered candidate risk factors because many have only
been confirmed by a single study. For example, the course

Table 2.
Risk factors for cognitive dysfunction in multiple sclerosis (MS) based on selected recent reports.

Risk Factor Finding
Length of Disease Increased risk for cognitive dysfunction with increased length of disease [1–3].
Race Increased risk for early cognitive dysfunction in African Americans [4].
Genetics Increased risk for cognitive dysfunction with AA (homozygous dominant) genotype 

of – 491 A/T (adenine/thymine) polymorphism of apolipoprotein E gene [5].
MS Subtype Increased risk for cognitive dysfunction with progressive course [1, 6–9].
MS Disability Increased risk for cognitive dysfunction with higher Expanded Disability Status Scale 

scores [1].
Mild Cognitive Impairment Increased risk for cognitive dysfunction with mild cognitive impairment at baseline [10].

1. Amato MP, Ponziani G, Siracusa G, Sorbi S. Cognitive dysfunction in early-onset multiple sclerosis: a reappraisal after 10 years. Arch Neurol. 2001;58(10):1602–6.
[PMID: 11594918]

2. McIntosh-Michaelis SA, Roberts MH, Wilkinson SM, Diamond ID, McLellan DL, Martin JP, Spackman AJ. The prevalence of cognitive impairment in a com-
munity survey of multiple sclerosis. Br J Clin Psychol. 1991;30(Pt 4):333–48. [PMID: 1777755]

3. Piras MR, Magnano I, Canu ED, Paulus KS, Satta WM, Soddu A, Conti M, Achene A, Solinas G, Aiello I. Longitudinal study of cognitive dysfunction in mul-
tiple sclerosis: neuropsychological, neuroradiological, and neurophysiological findings. J Neurol Neurosurg Psychiatry. 2003;74(7):878–85. [PMID: 12810771]

4. Weinstock-Guttman B, Jacobs LD, Brownscheidle CM, Baier M, Rea DF, Apatoff BR, Blitz KM, Coyle PK, Frontera AT, Goodman AD, Gottesman MH, Her-
bert J, Holub R, Lava NS, Lenihan M, Lusins J, Mihai C, Miller AE, Perel AB, Snyder DH, Bakshi R, Granger CV, Greenberg SJ, Jubelt B, Krupp L, Mun-
schauer FE, Rubin D, Schwid S, Smiroldo J, New York State Multiple Sclerosis Consortium. Multiple sclerosis characteristics in African-American patients in
the New York State Multiple Sclerosis Consortium. Mult Scler. 2003;9(3):293–98. [PMID: 12814178]

5. Oliveri RL, Cittadella R, Sibilia G, Manna I, Valentino P, Gambardella A, Aguglia U, Zappia M, Romeo N, Andreoli V, Bono F, Caracciolo M, Quattrone A.
APOE and risk of cognitive impairment in multiple sclerosis. Acta Neurol Scand. 1999;100(5):290–95. [PMID: 10536914]

6. Thornton AE, Raz N. Memory impairment in multiple sclerosis: a quantitative review. Neuropsychology. 1997;11(3):357–66. [PMID: 9223140]
7. Feinstein A, Kartsounis LD, Miller DH, Youl BD, Ron MA. Clinically isolated lesions of the type seen in multiple sclerosis: a cognitive, psychiatric, and MRI

follow-up study. J Neurol Neurosurg Psychiatry. 1992;55(10):869–76. [PMID: 1431949]
8. Camp SJ, Stevenson VL, Thompson AJ, Miller DH, Borras C, Auriacombe S, Brochet B, Falautano M, Filippi M, Herisse-Dulo L, Montalban X, Parrcira E,

Polman CH, De Sa J, Langdon DW. Cognitive function in primary progressive and transitional progressive multiple sclerosis: a controlled study with MRI cor-
relates. Brain. 1999;122(Pt 7):1341–48. [PMID: 10388799]

9. Comi G, Filippi M, Martinelli V, Campi A, Rodegher M, Alberoni M, Sirabian G, Canal N. Brain MRI correlates of cognitive impairment in primary and sec-
ondary progressive multiple sclerosis. J Neurol Sci. 1995;132(2):222–27.[PMID: 8543952]

10. Kujala P, Portin R, Ruutiainen J. The progress of cognitive decline in multiple sclerosis. A controlled 3-year follow-up. Brain. 1997;120 (Pt 2):289–97. 
[PMID: 9117376]
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of MS seems to influence the degree of cognitive dysfunc-
tion. In a number of studies, cognitive dysfunction was
found to be more severe in secondary progressive MS
patients than relapsing-remitting MS patients [38–39,47].
Primary progressive MS is somewhat unique because,
despite disability levels similar to secondary progressive
MS, patients’ cognitive function is often preserved [38].
This finding is not unexpected because primary progres-
sive MS largely involves spinal cord pathology.

Otherwise healthy individuals with mild cognitive
dysfunction have been shown to be at risk for more rapid
cognitive decline and more frequent development of inci-
dent Alzheimer’s dementia than individuals with no cog-
nitive dysfunction [48]. Similarly, Kujala et al. found that
MS patients with mild cognitive dysfunction at baseline
showed rapid declines in cognitive function on neuropsy-
chological testing over a 3 year period compared with
MS patients with intact cognitive function at baseline
who remained cognitively stable over the testing period [45].

Some studies have produced inconsistent results
when clinical variables were examined as risk factors for
MS cognitive dysfunction. For example, increasing
length of disease was correlated with worsening cogni-
tive dysfunction in several studies [5,40,46] but not oth-
ers [1]. Similarly, physical disability and MS cognitive
dysfunction were not significantly correlated in some
reports [1,46] but significantly correlated in others [5]. A
recent longitudinal study of MS patients found that physi-
cal symptoms in MS patients progressed at different rates
than cognitive dysfunction [5,49]. These results seem-
ingly indicate a dissociation between cognitive dysfunc-
tion and MS disability as measured by the Expanded
Disability Status Scale (EDSS) [50]. Some of these dis-
parities are the result of patient populations with differing
baseline disability levels and variable follow-up periods.

Racial and genetic characteristics may influence the
development of cognitive dysfunction in MS. African
Americans with MS were evaluated by the New York
State MS Consortium in a longitudinal study of more
than 5,600 patients [43]. African Americans were 6 percent
of this study cohort and more likely to have higher EDSS
scores with increased disease duration. Cognitive dys-
function, as measured by the EDSS cerebral functional
system score, developed earlier in the course of MS in
African Americans compared with non-African Americans.
The functional system score is, unfortunately, an insensi-
tive measure of cognition; formal neuropsychological
tests would have provided a more comprehensive picture

of the temporal trends. Still, this report indicates that
African Americans with MS may be at increased risk for
an aggressive disease course.

Oliveri et al. studied whether the apolipoprotein E
(APOE) gene polymorphism and the regulatory region of
the –491 A/T (adenine/thymine) polymorphism are risk
factors for cognitive dysfunction in MS [36]. This gene
and various associated alleles have been shown to
increase the risk of Alzheimer’s disease. While the APOE
polymorphism did not significantly predict cognitive dys-
function in MS patients, the AA (homozygous dominant)
combination of the – 491 A/T polymorphism was associ-
ated with cognitive dysfunction.

Finally, Honig et al. demonstrated that visual evoked
potentials may be useful markers of cognitive dysfunction
in MS patients [41]. They examined the P300 event-related
potential in 32 MS patients with cognitive dysfunction.
The P300 latency was strongly correlated with cognitive
dysfunction but weakly correlated with MS disability as
measured by the EDSS. Piras et al. found similar results
[46]. Other investigators have found abnormalities in audi-
tory evoked potentials that correlate with cognitive dys-
function in MS patients [42]. Evoked potentials depend on
intact cerebral white matter connections, and abnormalities
in latency and wave form may help predict or track
cognitive dysfunction in MS patients. Larger longitudinal
studies are needed for determining whether evoked poten-
tial components can be used as predictors of future cogni-
tive dysfunction in MS patients.

CONCLUSIONS

Studies in recent years have clarified the pattern of
cognitive dysfunction in MS. A dissociation often exists
between cognitive dysfunction in MS and traditional
neurological deficits. With increasing numbers of imag-
ing and clinical assessment tools, researchers have started
to identify risk factors and biological markers of cognitive
dysfunction in MS. Correlations between cognitive dys-
function and neuroimaging parameters, however, remain
moderate at best. Newer imaging techniques such as dif-
fusion tensor MRI, functional MRI, and MRI spectros-
copy will hopefully better clarify structural-functional
relationships. Additionally, because cognitive dysfunction
assessment in MS has traditionally been time consuming,
efforts should be made toward integrating shorter assess-
ment batteries such as the ANAM into routine clinical
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examinations. The VA MSCoE East has initiated projects
to make these assessments practical and efficient for
patients and healthcare providers.

Finding and confirming risk factors for cognitive
dysfunction will be challenging because MS is a complex,
dynamic disease that evolves slowly. Longitudinal MS
studies that assess biological markers and temporal trends
in cognitive dysfunction are particularly needed. With the
recent advances in molecular neuroscience that have con-
tributed to advances in other dementia disorders [51], we
remain optimistic about the future. The goal of research
efforts is early identification of MS patients who will
develop cognitive dysfunction. Ultimately, these patients
would receive therapy that would modify the disease
course in the presymptomatic period.
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