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Abstract
In the largest sample studied to date, we measured cognitive functioning in children and adolescents with pediatric multiple sclerosis
(n ¼ 187) as well as those with clinically isolated syndrome (n ¼ 44). Participants were consecutively enrolled from six United States
Pediatric Multiple Sclerosis Centers of Excellence. Participants had a mean of 14.8 + 2.6 years of age and an average disease duration of
1.9 + 2.2 years. A total of 65 (35%) children with multiple sclerosis and 8 (18%) with clinically isolated syndrome met criteria for
cognitive impairment. The most frequent areas involved were fine motor coordination (54%), visuomotor integration (50%), and
speeded information processing (35%). A diagnosis of multiple sclerosis (odds ratio ¼ 3.60, confidence interval ¼ 1.07, 12.36, P ¼ .04)
and overall neurologic disability (odds ratio ¼ 1.47, confidence interval ¼ 1.10, 2.10, P ¼ .03) were the only independent predictors of
cognitive impairment. Cognitive impairment may occur early in these patients, and prompt recognition is critical for their care.
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As many as 5% of individuals with multiple sclerosis develop
symptoms during childhood or adolescence.1–3 Among disorders in childhood, pediatric multiple sclerosis is uniquely

challenging. In the context of childhood development, it attacks
the central nervous system with acute waves of inflammation
and demyelination and progresses with a neurodegenerative
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course. Understanding the influence of pediatric multiple
sclerosis on cognitive functioning is critical for these patients.
Available data suggest that approximately one-third of
children and adolescents with multiple sclerosis experience
cognitive impairment. As with adult multiple sclerosis, areas of
cognitive deficit can vary but often include attention and speeded
processing, visuomotor functions, memory, and language.4–9
Because of small sample sizes and limited racial or ethnic
diversity in prior studies, demographic and disease-related
predictors of cognitive impairment remain unclear. Analyses
of pediatric multiple sclerosis samples from Canada, Europe,
and the United States have variably noted impairment to be
associated with a range of factors, including age at disease
onset,5,6 disease duration,6 Expanded Disability Status Scale
score,4 Intelligence Quotient,5 and thalamic volume.7
This study leveraged the geographic diversity of the
Pediatric Multiple Sclerosis Centers of Excellence, a network
designated in 2006 by the National Multiple Sclerosis Society,
and enrolled children from six different regions within the
United States. Evaluating a large and diverse sample with a
standardized clinical and neurologic assessment can clarify the
associations between clinical and demographic features associated with cognitive impairment. In addition, this is the first
study to include children with clinically isolated syndrome as
well as those with multiple sclerosis.

Methods
Study Population
This cross-sectional study analyzed the neuropsychological
performance of 231 participants evaluated between 2006 and
2011 and drawn from a multicenter study of patients with pediatric
onset multiple sclerosis. Participants were seen at one of six
Pediatric MS Centers of Excellence located in San Francisco,
California (University of California, San Francisco); Rochester,
Minnesota (Mayo Clinic); Birmingham, Alabama (University of
Alabama at Birmingham); Buffalo, New York (State University
of New York, Buffalo); Stony Brook, New York (State University
of New York, Stony Brook); and Boston, Massachusetts (Harvard
University, Massachusetts General Hospital, and Partners HealthCare). The network of centers is supported by the National Multiple Sclerosis Society and prospectively collects neuropsychological
and other clinical data regarding children with multiple sclerosis,
clinically isolated syndrome, and other demyelinating disorders. Each
site received approval by its respective institutional review board for
human subject data collection and sharing.
Eligibility criteria for this analysis included those participants who
were younger than 18 years of age at disease onset (meeting criteria
for a diagnosis of pediatric multiple sclerosis10 or clinically isolated
syndrome10) with no other neurologic diagnosis. Participants were
also required to be younger than age 18 years at the time of neuropsychological testing, to have completed at least 9 of the 11 neuropsychological tests from the battery, to be English speaking and reading, and
to have sufficient visual or motor ability to complete the neuropsychological tests. Patients in the midst of a multiple sclerosis relapse, or
who had received treatment with glucocorticoids 1 month or less prior
to the time of cognitive assessment were excluded.
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Neuropsychological Battery
The Pediatric Multiple Sclerosis Centers of Excellence used a comprehensive network battery consisting of 11 tests whose scores addressed
the following cognitive domains: (1) general ability level—Wechsler
Abbreviated Scale of Intelligence–2 subtest battery11 including Vocabulary and Matrix Reasoning subtests; (2) reading and language—
Wechsler Individual Achievement Test II Pseudoword Decoding,12
Expressive One Word Picture Vocabulary Test ,13 and the Wechsler
Abbreviated Scale of Intelligence Vocabulary subtest; (3) attention,
working memory, and speeded processing—Digit Span test from the
Wechsler Adult Intelligence Scale IV (for age 16 years and above) or
the Wechsler Intelligence Scale for Children IV (for younger than age
16 years), Wechsler Adult Intelligence Scale or Wechsler Intelligence
Scale for Children coding test; (4) executive functioning—Contingency
Naming Test,14 Delis Kaplan Executive Function System Trail Making
Test15; (5) verbal episodic learning and recall—California Verbal Learning Test–Child version or II (as age appropriate)16,17; (6) visuospatial
functioning—Beery-Buktenica Developmental Test of Visual-Motor
Integration–sixth edition18 and the Wechsler Abbreviated Scale of Intelligence Matrix Reasoning; (7) fine motor speed and coordination—
Grooved Pegboard Test19 and Delis Kaplan Executive Function System
Trail Making Test–Motor Speed Condition.
The testing battery was administered by a clinical neuropsychologist
or trained and supervised psychometrician and took approximately 2.5
hours to complete. Participants were given breaks as needed.
We estimated impairment ratings for each of the 25 test
scores (from the 11 neuropsychological tests) using published, agestratified normative data. We adopted the traditional benchmark
definition for mild impairment as a score falling at least 1 standard
deviation below the normative mean, with moderate impairment
requiring scores 2 standard deviations or more below population
norms.20–23 Participants were classified with general cognitive
impairment using the sum of the number of impaired test scores
divided by the total number of completed test scores (out of 25 total).
A participant was considered to be impaired when this proportion of
impaired scores was greater than one-third.

Sociodemographic and Clinical Variables
Sociodemographic variables included age at symptom onset, age at
neuropsychological evaluation, gender, race, and ethnicity (Hispanic
or not Hispanic). Clinical variables available for analyses included
disease duration (years), age at symptom onset (years), diagnostic status (multiple sclerosis vs clinically isolated syndrome), and disability
as measured by the Expanded Disability Status Scale.24

Data Analyses
Descriptive characteristics of the group and impairment ratings of
neuropsychological scores were presented either as percentages (%)
or using a mean + standard deviation. Next, we ran a multivariate
logistic regression determining predictors of general cognitive impairment using sociodemographic and clinical variables. Only patients
with complete sociodemographic and clinical data (n ¼ 164) were
included in the multivariate analysis.

Results
Table 1 shows the demographic and clinical characteristics for
the 231 children and adolescents with multiple sclerosis or
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Table 1. Demographic and Clinical Characteristics

Age, M + SD (years)
Female, n (%)
Race
Caucasian, n (%)
African American, n (%)
Asian, n (%)
Mixed/other, n (%)
Hispanic ethnicity, n (%)
Disease duration, M + SD (years)
Age at symptom onset, M + SD (years)
EDSS score, median (range)
NP indices  –1 SD, median (range)
One-third of NP indices  –1 SD, n (%)

Total group (n ¼ 231)

RRMS (n ¼ 187)

CIS (n ¼ 44)

14.8 + 2.6
129 (56)

14.8 + 2.6
105 (56)

14.8 + 2.6
24 (55)

168 (73)
35 (15)
8 (3)
20 (9)
66 (29)
1.9 + 2.2
12.9 + 3.5
1.5 (0-6.5)
4 (0-20)
73 (32)

133 (71)
31 (17)
6 (3)
17 (9)
51 (27)
2.2 + 2.3
12.7 + 3.6
1.5 (0-5.5)
5 (0-20)
65 (35)

35 (80)
4 (9)
2 (4)
3 (7)
15 (34)
0.8 + 1.7
14.0 + 3.0
1.0 (0-6.5)
4 (0-17)
8 (18)

Abbreviations: CIS, clinically isolated syndrome; EDSS, Expanded Disability Status Scale; NP, neuropsychological; RRMS, relapsing remitting multiple sclerosis;
SD ¼ Standard Deviation.

clinically isolated syndrome. The majority (80%) of individuals
met diagnostic criteria for multiple sclerosis within 2 years of
symptom onset (mean + standard deviation ¼ 1.9 + 2.2).
The median number of tests classified as ‘‘impaired’’ was 4
(range ¼ 0-20), and 32% of the entire sample met criteria for
general impairment. Thirty-five percent of participants with
pediatric multiple sclerosis and 18% of those with clinically
isolated syndrome were classified as impaired. For the
combined total sample, performances varied across the individual neuropsychological tests (Table 2). Overall, rates of mild
impairment on any individual test score ranged from 9%
(Language) to 34% (Visuomotor). Moderate-to-severe
impairment was relatively less common, ranging from 0.4%
impairment (Language) to 43% (Fine motor speed/manipulation).
Table 3 shows a multivariate analysis of predictors of
general cognitive impairment, controlling for sociodemographic factors. Diagnostic status (multiple sclerosis vs
clinically isolated syndrome) was significantly associated with
the presence of poorer cognitive functioning (odds ratio ¼ 3.60,
confidence interval ¼ 1.07, 12.36, P ¼ .04). Neurologic
disability, measured by the Expanded Disability Status Scale,
was the only significant clinical predictor (odds ratio ¼ 1.47,
confidence interval ¼ 1.05, 2.06, P ¼ .03). Post hoc bivariate
analyses of the proportion of test scores considered to be
impaired across tertiles of Expanded Disability Status Scale
scores showed increasing disability associated with an increasing burden of cognitive impairment (Figure 1). Both Hispanic
ethnicity (odds ratio ¼ 2.05, confidence interval ¼ 0.93, 4.56,
P ¼ .08) and total years of parent education (odds ratio ¼ 1.02,
confidence interval ¼ 0.99, 1.05, P ¼ .06) trended toward
significance as predictors of cognitive impairment.

Discussion
We found that approximately one-third of pediatric patients with
multiple sclerosis or clinically isolated syndrome met criteria for
general cognitive impairment, defined here as having at least

one-third of completed test scores falling 1 standard deviation
or more below published normative data. The proportion of
impairment in our sample is generally consistent with previous
reports from much smaller studies,4,25 although direct comparisons are difficult across studies because of important differences
in the assessment battery and criterion for cognitive impairment.
We report the first neuropsychological data from children
and adolescents with clinically isolated syndrome. Cognitive
impairment is well recognized in adults with clinically isolated
syndrome. Cognitive impairment was identified in 8 of 44
(18%) children with clinically isolated syndrome and 69
(35%) children with multiple sclerosis. Identification of
impairment at the early clinically isolated syndrome stage of
disease is worrisome. The relative increased frequency of
impairment among participants with multiple sclerosis
compared to clinically isolated syndrome is consistent with the
observation that cognitive impairments in children with
multiple sclerosis progress over time.26,27
The test with the most frequent rate of impairment was the
grooved pegboard, a measure of fine motor speed and
coordination. We recognize that this finding may be attributable to the disease’s effects on motor as well as cognitive
functioning. Future studies might specifically address the
separate contributions of motor and cognitive functioning to
multiple sclerosis patients’ performance on this measure.
Frequent impairment was also found on the Beery-Buktenica Developmental Test of Visual-Motor Integration, a measure that is dependent in part on fine motor coordination as
well. In contrast, performances on a measure of visuospatial
functioning that is not dependent on motor functioning
(Wechsler Abbreviated Scale of Intelligence–Matrix Reasoning) were relatively normal. Previous studies of adults and children have documented visuomotor functions as vulnerable to
impairment, both with respect to visuospatial functioning and
visuospatial learning and recall. Therefore, assessments of this
domain should include multiple measures, both with and without dependence on upper-extremity motor functioning.
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Table 2. Patient Performance on the Neuropsychological Battery (n ¼ 231)

General ability
WASI Full 2c
Verbal functioning/reading/language
WASI Vocabulary
WIAT-II Pseudoword Decoding
EOWPVT
Attention/working memory/speeded processing
Digit Span Test
Coding/Digit Symbol
Executive functioning
CNT–Time
CNT–Efficiency
DKEFS TMT–Visual Scanning
DKEFS TMT–Number Sequencing
DKEFS TMT–Letter Sequencing
DKEFS TMT–Switching
Verbal learning and recall
CVLT Learning Trials 1-5
CVLT List B Recall
CVLT Short Delay Free Recall
CVLT Short Delay Cued Recall
CVLT Long Delay Free Recall
CVLT Long Delay Cued Recall
CVLT Recognition Hits
CVLT Discriminability
Visuospatial Functioning
Beery VMI
WASI Matrix Reasoning
Fine motor speed/coordination
Grooved Pegboard–Dominant Hand
Grooved Pegboard–Nondominant Hand
DKEFS TMT–Motor Speed

No impairment,
n (%)

Mild impairment,a
n (%)

Moderate to severe impairment,b
n (%)

Total cell size

198 (86)

21 (9)

4 (2)

223

180 (78)
203 (88)
196 (85)

23 (10)
23 (10)
20 (9)

7 (3)
2 (0.9)
1 (0.4)

210
228
217

168 (73)
122 (53)

50 (22)
56 (24)

11 (5)
27 (11)

229
205

163
140
165
148
144
148

(71)
(61)
(71)
(64)
(62)
(64)

30
62
25
38
41
36

(13)
(27)
(11)
(17)
(17)
(16)

22 (10)
8 (4)
29 (13)
36 (16)
37 (16)
37 (16)

215
210
219
222
222
221

193
164
184
179
182
186
201
181

(84)
(71)
(80)
(78)
(79)
(81)
(87)
(78)

28
57
25
31
27
24
20
23

(12)
(25)
(11)
(13)
(12)
(10)
(9)
(10)

9 (4)
9 (4)
21 (9)
20 (9)
21 (9)
20 (9)
8 (4)
13 (6)

230
230
230
230
230
230
229
217

78 (33)
182 (79)

79 (34)
23 (10)

37 (16)
4 (2)

194
209

123 (53)
88 (38)
187 (81)

46 (20)
33 (14)
24 (10)

53 (23)
100(43)
10 (4)

222
221
221

Abbreviations: CNT, Contingency Naming Test; CVLT, California Verbal Learning Test (Childs version for ages 5-15; CVLT-II for Ages 16 and above); DKEFS,
Delis Kaplan Executive Function System; EOWPVT, Expressive One Word Picture Vocabulary Test; TMT, Trail Making Test; VMI, Visual-Motor Integration;
WASI, Wechsler Abbreviated Scale of Intelligence; WIAT, Wechsler Individual Achievement Test.
a
Mild impairment: scores between 1 and 1.99 standard deviations below population normative data.
b
Moderate to severe impairment ¼ scores at or below 2 standard deviations below population normative data.
c
WASI Full 2 is a composite index of WASI Vocabulary and WASI Matrix Reasoning.

Another area of impairment was identified by tests requiring
speeded processing (Coding/Digit Symbol and Delis Kaplan
Executive Function System trail making test). Slowed information processing is one of the most commonly observed domains
of cognitive impairment in both adult and pediatric multiple
sclerosis patients, and the results of this study confirm that this
cognitive domain is highly susceptible to the effects of multiple
sclerosis across the lifespan.
Other than the diagnosis of multiple sclerosis, neurologic
disability as measured by the Expanded Disability Status Scale
was the only variable significantly and independently
associated with reduced cognitive function. Some studies,4 but
not others,5,6 have found similar associations and it is likely
that cognitive impairment progresses as does the neurologic
burden of disease. This interpretation is also supported by the
higher frequency of impairment in multiple sclerosis than in
clinically isolated syndrome. There were also trends suggesting

an association between reduced cognitive functioning with
both fewer years of parent education as well as Hispanic
ethnicity. Although race has been previously reported to be
associated with cognitive impairment,28 we did not find it to
be a significant predictor.
This study had several limitations. First, we used a relatively
liberal cut-off point of 1 standard deviation below published
norms to determine impairment on individual test scores. We
chose this traditional benchmark in order to include children
with even milder degrees of impairment that are likely
clinically meaningful for academic performance and other
aspects of functioning.20,22 However, we used a more stringent
cut-off point to classify participants as cognitively impaired,
with impaired performances on at least one-third of test scores
from the completed battery (eg, at least 9 of 25 possible scores)
in contrast to three impaired test scores used in prior studies.5
Second, although our neuropsychological battery was quite
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Table 3. Logistic Regression: Demographic and Disease-Related
Predictors of Cognitive Impairment in Pediatric Multiple Sclerosis and
Clinically Isolated Syndrome (n ¼ 164)a

Age
Race nonwhite
Hispanic ethnicity
Female
Parent education
Disease duration
Diagnosis RRMS
or CIS
EDSS

Demographics þ diseaserelated
OR (95% CI)

Significance

0.92 (0.80-1.06)
0.87 (0.36-2.10)
2.05 (0.93-4.56)
1.10 (0.52-2.35)
1.02 (0.99-1.05)
1.08 (0.92-1.30)
3.60 (1.07-12.36)

0.25
0.87
0.08
0.80
0.06
0.35
0.04

1.47 (1.05-2.06)

0.03

Abbreviations: CI, confidence interval; OR, odds ratio; CIS, clinically isolated
syndrome; EDSS, Expanded Disability Status Scale; RRMS, relapsing remitting
multiple sclerosis.
a
The sample (n ¼ 164) were included in the regression based on having complete
clinical data (eg, expanded disability status scale, parent education) and 9 of 11
neuropsychological tests complete on the neuropsychological battery.

Finally, this study is cross-sectional; associations among sociodemographic and clinical variables in relation to cognitive function
cannot be interpreted as causal relationships.
Despite these limitations, this is the largest study to date that
uses a comprehensive neuropsychological battery to describe
neuropsychological function in children and adolescents with
multiple sclerosis. This study draws from a diverse catchment
area across the United States and shows that cognitive impairment is a major feature of pediatric multiple sclerosis that can
occur at the earliest stages of the disease. Cognitive impairment
represents an important clinical problem for all patients with
multiple sclerosis and confers specific challenges when it
occurs during the context of childhood development. Further
research is needed to develop strategies for prompt identification of children with multiple sclerosis at risk for cognitive
problems so that treatment can be initiated.
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