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ABSTRACT

Objective: To examine domain-specific neurocognitive differences between African American
(AA) and Caucasian (CA) patients with pediatric-onset multiple sclerosis (POMS).

Methods: An extensive battery of neuropsychological tests was given to each subject, including
tests in all major domains of cognitive function. Point-biserial correlations between ethnicity and
test performance were computed. Significant correlations were followed up with hierarchical mul-
tiple regression analysis, accounting for clinical and demographic variables before examining eth-
nic differences.

Results: Forty-two patients with POMS including 20 AA and 22 CA subjects were assessed. The
cohorts did not differ in age, gender, socioeconomic status, disease duration, disability score,
immunoglobulin G index, or number of relapses in the first 2 years of disease. Retaining some of
these variables as covariates in the hierarchical regression analysis, the AA cohort performed
worse on measures of language (p � 0.001) and complex attention (p � 0.01) than their CA peers.

Conclusion: AA patients with POMS may be at higher risk for adverse cognitive impact in the
areas of language and complex attention. Longitudinal characterization of cognitive pathology is
critical for the development of effective intervention strategies to prolong cognitive functioning in
POMS cohorts. Neurology® 2010;75:2097–2102

GLOSSARY
AA � African American; AOMS � adult-onset multiple sclerosis; CA � Caucasian; CVLT-C � California Verbal Learning
Test–Children’s Version; D-KEFS � Delis-Kaplan Executive Function System; EDSS � Expanded Disability Status Scale;
EOWPVT � Expressive One-Word Picture Vocabulary Test; IgG � immunoglobulin G; POMS � pediatric-onset multiple scle-
rosis; SES � socioeconomic status; VIQ � verbal IQ; WASI � Wechsler Abbreviated Scale of Intelligence.

Multiple sclerosis (MS) is an inflammatory demyelinating disorder affecting the CNS. Approx-
imately 2%–5% of cases present initially in children under age 18 years.1,2 The clinical course
of pediatric-onset MS (POMS) involves symptoms similar to adult-onset MS (AOMS),3 in-
cluding neurocognitive difficulties.

While the clinical symptoms of POMS are similar to those of AOMS, neurocognitive
deficits may differ between the 2 groups. POMS occurs during a time of ongoing myelination
in the CNS, so inflammatory demyelination may result in atypical or incomplete formation of
white matter pathways crucial for cognitive development. Domains of weaker neurocognitive
performance commonly observed in pediatric MS include complex attention, memory, and
language.4-6 In one POMS cohort, attention was the most commonly impaired neurocognitive
domain, affecting about 30% of subjects.6

In adults, African Americans (AA) have a lower risk of developing MS than Caucasians
(CA), but their disease course is typically more aggressive.7 Among adults, one study found that
AA with MS had increased risk of severe vs mild neurocognitive impairment (odds ratio �
1.32) compared with CA patients.8 However, these increased odds disappeared with correction
for socioeconomic status (SES). Research on ethnic differences among children with MS is
limited to a single-center study, which reported higher annualized relapse rates in AA than CA
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children with MS.9 The present study investi-
gated domain-specific ethnic neurocognitive
differences in children and youth with MS.

METHODS Subjects. The study cohort included all youth
with MS referred to the Center for Pediatric-Onset Demyelinat-
ing Disorders clinic at the University of Alabama at Birmingham
between April 2006 and September 2009. Inclusion criteria in-
cluded diagnosis of MS, symptom onset before age 18, and com-
pletion of neuropsychological testing. Exclusion criteria included
diagnosis at time of study of acute demyelinating encephalomy-
elitis or neuromyelitis optica. Sample demographics are included
in table 1.

Standard protocol approvals, registrations, and patient
consents. Approval to conduct this study was granted by the
Institutional Review Board at the University of Alabama at Bir-
mingham, and written informed consent was obtained from all
legal guardians of patients participating in the study.

Clinical and neurocognitive assessment. Each subject was
evaluated by an interdisciplinary team of neurologists, a psychia-
trist, and a neuropsychologist. In addition to demographic infor-
mation, data collected on each participant included disability as
rated on the Expanded Disability Status Scale (EDSS10), number
of relapses experienced in the first 2 years of disease course,
months since symptom onset, and CSF levels of immunoglobu-
lin G (IgG), when available.

The following neurocognitive tests were administered to
each participant in a single session:

• Global verbal and nonverbal functioning, assessed by the
Wechsler Abbreviated Scale of Intelligence (WASI) verbal
and performance IQs11

• Complex attention, assessed by the Delis-Kaplan Execu-
tive Function System (D-KEFS) Letter-Number Trail
Making Task12

• Phonemic and semantic verbal fluencies, assessed by the
D-KEFS Letter and Category Fluency Tests, respectively12

• Confrontation naming, assessed by the Expressive One-
Word Picture Vocabulary Test (EOWPVT), a non-literacy–
based measure of vocabulary and expressive language13

• Verbal memory, assessed by the California Verbal Learn-
ing Test–Children’s Version (CVLT-C), in which the par-

ticipant must recall a “shopping list” of items presented

across 5 learning trials, with an intervening word list pre-

sented as a distractor14

Statistical analysis. AA and CA cohorts were compared on all

demographic variables using 2-tailed Student t tests. To measure

SES in subsequent analyses, a composite variable was created by

averaging standardized measures of presence and type of insur-

ance and parental years of education. Insurance type was catego-

rized ordinally as private insurance, Medicaid, or no insurance.15

If more than one parent’s education level was listed, the highest

education attained by either parent who resided with the child

was utilized.

A small number of data points (6%) were missing and re-

placed through Expectation Maximization estimation.16 Bivari-

ate correlation coefficients were obtained between standardized

neurocognitive test scores and clinical/demographic variables se-

lected on the basis of their theoretical importance to neurocogni-

tive function. Neurocognitive variables significantly correlated

with ethnicity were followed up in hierarchical regression analy-

ses to ascertain the unique contribution of ethnicity to test scores

after controlling for relevant covariates. All analyses were con-

ducted in SPSS version 15.0.

RESULTS Demographic data. Forty-two subjects
aged 6–21 years comprised the sample, including 20
AAs and 22 CAs. Descriptive data are presented in
table 1. AA and CA cohorts did not differ on any
demographic or clinical variables, although there
were trends for AA children to have higher EDSS
scores and longer time since disease onset. Neurocog-
nitive mean scores and standard deviations for AA
and CA cohorts are displayed in table 2.

Correlations between neurocognitive performance and

ethnicity. Table 3 shows point-biserial correlation co-
efficients between ethnicity and neurocognitive test
scores. Ethnicity correlated with WASI verbal IQ
(VIQ) (p � 0.001), D-KEFS Letter-Number Trail
Making Task (p � 0.01), and approached signifi-
cance with EOWPVT (p � 0.06). WASI VIQ also

Table 1 Sample characteristics (n � 42)a

Variable Missing Entire cohort AA (SD) CA (SD) p Value

Caucasian/African American (%) 0 22/20 (52/48) — — —

Male/female (%) 0 15/27 (36/64) 6/14 (30/70) 9/13 (40/60) 0.53

Age, mean � SD, y 0 15.8 � 3.7 16.2 � 3.1 15.5 � 2.5 0.41

Time since symptom onset,
mean � SD, mo

3 23.0 � 20.3 28.6 � 22.5 18.0 � 17.1 0.09

Attacks in first 2 y, mean � SD 3 2.5 � 2.0 2.5 � 1.8 2.5 � 2.2 0.93

Parent education, mean � SD, y 8 13.9 � 20.4 13.6 � 1.6 14.1 � 1.8 0.34

Insurance: private/Medicaid/
none (%)

0 28/11/3 (67/26/7) 14/5/1 (70/25/5) 14/6/2 (64/27/9) 0.75

EDSS score, mean � SD 3 1.9 � 1.3 2.3 � 1.3 1.6 � 1.2 0.07

IgG index, mean � SD 17 1.0 � 0.4 1.1 � 0.4 1.0 � 0.4 0.98

Abbreviations: AA � African American; CA � Caucasian; EDSS � Expanded Disability Status Scale; IgG � immunoglobulin
G index.
a �2 tests were used for categorical variables; 2-tailed Student t tests were used for all other comparisons .

2098 Neurology 75 December 7, 2010



correlated with SES and IgG index (p � 0.05),
and D-KEFS Letter-Number Trail Making Task
and EOWPVT correlated with gender (p � 0.05).
Thus, SES, IgG index, and gender were retained as
covariates in the multivariate hierarchical regres-
sion analyses.

Hierarchical regression analysis. Assumptions of the
linear regression model were examined, including
normality, linearity, homoscedasticity, absence of
multicollinearity, absence of univariate outliers, and
the ratio of subjects to predictors. All variables met
these assumptions. Hierarchical regression models
were conducted to determine the unique contribu-
tion of ethnicity to neurocognitive test score. Vari-
ables included in the models were chosen based on
both theoretical and empirical rationale. SES was in-

cluded as a covariate based upon previous research in
ethnic neurocognitive differences in adult MS8 as
well as its significant correlation with WASI VIQ in
this sample. IgG index and gender were included on
the basis of their significant correlations with neuro-
cognitive variables of interest, as well as our theoreti-
cal understanding of possible contributory factors to
cognitive dysfunction in pediatric MS. Previous pe-
diatric MS research has reported gender differences
in physical disability status17 and IgG index is a
marker of immunologic response that has been
shown to differ between AAs and CAs with MS.18

The first step of each hierarchical regression model
included the SES, IgG index, and gender covariates.
The second step included ethnicity to assess its
unique contribution to the model. The dependent
variable in each separate hierarchical regression was
the neurocognitive test score shown to correlate with
ethnicity (i.e., VIQ, Letter-Number Trail Making
Task, and EOWPVT scores).

Ethnicity explained 24.6% of the sample’s vari-
ance in WASI VIQ after accounting for SES, IgG
index, and gender (table 4), with AAs scoring an av-
erage of 1 SD lower than CAs (AA mean � 37.85,
SD � 6.39; CA mean � 47.76, SD � 9.91). Ethnic-
ity explained 20.1% of variance in Letter-Number
Trail Making Test scores, with AAs scoring lower
than CAs (AA mean � 5.68, SD � 3.71; CA
mean � 8.55, SD � 2.69). Finally, ethnicity ap-
proached significance as a predictor of EOWPVT
(p � 0.06), and explained 6.1% of the sample’s per-
formance, with AAs scoring lower than CAs (AA
mean � 85.93, SD � 9.13; CA mean � 98.57,
SD � 9.04).

Table 2 Mean neurocognitive scores of Caucasian and African American
pediatric patients with multiple sclerosisa

Test score
Caucasian,
mean (SD)

African American,
mean (SD)

CVLT-C Total 47.28 (11.06) 43.50 (10.82)

D-KEFS Category Fluency 9.64 (3.55) 9.39 (2.16)

D-KEFS Letter Fluency 8.77 (3.80) 7.98 (2.28)

D-KEFS Letter-Number Trail Making 8.55 (2.69) 5.68 (3.71)

EOWPVT 98.57 (9.04) 85.93 (9.13)

WASI VIQ 47.46 (9.91) 37.85 (6.39)

WASI PIQ 48.94 (6.27) 46.77 (7.52)

Abbreviations: CVLT-C � California Verbal Learning Test-Children’s Version; D-KEFS �

Delis-Kaplan Executive Function System; EOWPVT � Expressive One-Word Picture Vocab-
ulary Test; PIQ � performance IQ; VIQ � verbal IQ.
a EOWPVT has a mean of 100, SD of 15; CVLT, WASI VIQ, and WASI PIQ have a mean of 50,
SD of 10; D-KEFS Category Fluency, Letter Fluency, and Letter-Number Trail Making tests
have a mean of 10, SD of 3.

Table 3 Bivariate correlations between medical/demographic variables and neurocognitive testsa

IgG EDSS Attacks Time SES

Gender
(1 � male,
2 � female) Age, y

Ethnicity
(1� CA,
2 � AA)

VIQ 0.374b �0.301 0.137 �0.197 0.369b 0.063 �0.199 �0.503c

PIQ �0.243 �0.283 0.164 �0.339 0.189 �0.166 �0.346 �0.161

Letter-Number 0.224 �0.174 0.192 �0.100 0.154 0.308b �0.036 �0.420d

EOWPVT �0.046 �0.174 �0.330b �0.270 0.205 �0.353b �0.205 �0.292

Category Fluency �0.127 �0.435d �0.363b �0.303b 0.188 0.168 �0.210 �0.041

Letter Fluency �0.013 �0.317b �0.112 �0.181 0.252 0.207 �0.117 �0.128

CVLT-C �0.076 �0.376b 0.046 �0.425d 0.167 0.288 �0.150 �0.174

Abbreviations: AA � African American; Attacks � number of inflammatory attacks in first 2 years of disease; CA � Caucasian; CVLT-C � California Verbal
Learning Test-Children’s Version; EDSS � Expanded Disability Status Scale score; EOWPVT � Expressive One-Word Picture Vocabulary Test; IgG � immuno-
globulin G index; Letter-Number � Delis-Kaplan Executive Function System Letter-Number Trail Making Task; PIQ � Wechsler Abbreviated Scale of Intelligence
performance IQ; SES � socioeconomic status; time � time in months from disease onset to examination; VIQ � Wechsler Abbreviated Scale of Intelligence verbal IQ.
a Pearson correlations were obtained between continuous variables; point-biserial correlations were obtained between continuous and categorical
variables.
b p � 0.05.
c p � 0.001.
d p � 0.01.
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DISCUSSION AA pediatric patients with MS per-
formed poorer than CA peers in 2 domains: complex
attention and language. Complex attention involves
focused attention combined with other demands
such as visuomotor or visuospatial processing and
may affect learning and school performance, as com-
plex attention is necessary for many classroom tasks,
e.g., taking notes while simultaneously listening to a
lecture. In a previous study,5 children with MS per-
formed poorly in complex attention tasks when com-
pared with healthy controls. Moreover, the range for
the MS group’s performance in that study was much
wider than the 2 control groups’ ranges, suggesting
differential impairment within the MS cohort. Given
that previous studies with POMS cohorts have noted
deficits in these areas, AA children and adolescents
with MS may not show unique cognitive difficulties
when compared with CA peers, but may demon-
strate greater or faster decline in the cognitive capac-
ities typically affected in pediatric MS.

Language is typically conceptualized as either ver-
bal fluency or crystallized verbal knowledge. Pediat-
ric MS cohorts have deficits in both domains.5,6

Language skills lay groundwork for much of aca-
demic learning, and may continue to develop well
into adulthood. In adults with degenerative disor-
ders, language tends to be a relatively preserved func-
tion, but a different pattern has emerged in the
pediatric population. Because language is still matur-
ing during childhood and adolescence, demyelina-
tion may preclude typical acquisition of language
skills, accounting for the language deficits described
in POMS but not in adult-onset MS.19

Currently, little is known about neurocognitive
differences among pediatric patients with MS of dif-
ferent ethnic backgrounds. While more aggressive
disease in AA children may result in greater neuro-
cognitive impairment, reliance on disability measures
such as the EDSS, which derives primarily from

physical impairment, does not adequately address
neurocognitive domains.

The present study utilized a cross-sectional de-
sign, revealing a “snapshot” of subjects’ neurocogni-
tive functioning at one point in time. How the
inflammatory demyelinating process of MS affects
ongoing myelination in the developing brain is
poorly understood. The sequelae of concurrent my-
elination and demyelination may differ from the ef-
fects of demyelinating processes on fully developed
white matter pathways, as studied in adults with MS.
Future research should consider longitudinal obser-
vation of neurocognitive function in children and
youth with MS to better comprehend the implica-
tions of developing MS at a young age, and how
demyelination due to MS in childhood may influ-
ence adult cognitive functioning, after natural myeli-
nation typically concludes in healthy individuals.

Also complicating development of youth with
MS is the fact that patients must overcome obstacles
to learning such as chronic fatigue and prolonged
school absences due to illness. Longitudinal monitor-
ing of neurocognitive function in pediatric MS co-
horts would help characterize the pathologic
neurodevelopment of this population, and would ed-
ucate development of early interventions to address
relevant areas of neurocognitive function.

Though the AA and CA cohorts did not differ on
disease duration, the developmental neurocognitive
course of each cohort is unclear. We do not know if
the observed differences continue over time; for ex-
ample, it is possible that the rate and progression of
neurocognitive deficits varies between the 2 ethnic
groups. Consequently, the observed differences may
not be maintained over time, may be maintained but
at a less significant level, or may increase.

Although the sample size of the present study was
comparable to many pediatric MS cohorts in the lit-
erature, statistical power may have been insufficient

Table 4 Results of hierarchical multiple regression analyses

Dependent variable

Independent variables

Overall model

Step 1: Covariates Step 2

Ethnicity

t Partial r �R2 F R2

WASI VIQ IgG, SES, gender Ethnicity �4.279 �0.575 0.246 22.712 0.504a

Letter-Number IgG, SES, gender Ethnicity �3.398 �0.488 0.201 13.884 0.357b

EOWPVT IgG, SES, gender Ethnicity �1.700 �0.269 0.061 5.295 0.220c

Abbreviations: EOWPVT � Expressive One-Word Picture Vocabulary Test; IgG � immunoglobulin G; SES � socioeconomic
status; VIQ � verbal IQ; WASI � Wechsler Abbreviated Scale of Intelligence.
a p � 0.001.
b p � 0.01.
c p � 0.10.
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to detect all differences. Furthermore, as these analy-
ses were correlational, no causal inferences can be
made regarding the observed differences in cognitive
functioning between the 2 ethnically defined groups.
Observed ethnic differences may not be due to eth-
nicity itself, but to a third factor such as depression,
culture, or access to educational resources that was
not covaried in the present analyses. Further, while
we attempted to account for factors such as SES and
IgG index that might confound with ethnicity, it is
possible that the neurocognitive tests themselves have
some cultural bias that contributed partially or fully
to the neurocognitive disparities between the ethnic
cohorts. Finally, the cross-sectional design constrains
interpretation and generalizability of our findings.

Why ethnic-based differences occur in pediatric
MS remains largely unknown. The ethnic groups in
this study did not differ on SES, age, gender, or dis-
ease variables, so it is unlikely the neurocognitive dis-
parities are due to demographic or readily observable
physical factors. Replication of these findings and se-
quential neuropsychological testing over time will be
critical before conclusive statements can be made re-
garding the current findings.

Ethnic differences in immunologic disease are not
without precedent. More severe disability and greater
immunologic response have been associated with AA
ethnicity in genetic and immunologic research with
adult MS cohorts.17,20 In systemic lupus erythemato-
sus, AAs have a disproportionately higher mortality
risk than CAs, suggesting pathologic differences be-
tween ethnicities.21,22 Further research should explore
associations between cognitive decline and biological
factors in order to identify underlying explanations
for why cognitive difficulties occur in MS, and par-
ticularly why adverse cognitive impact may be more
severe for AA children with MS.

The present results suggest cognitive interven-
tions focused on language and complex attention
skills may help youth with MS, particularly those of
AA ethnicity, who may be more vulnerable to loss of
those cognitive skills. We are just beginning to gain
some understanding of the cognitive impact of MS
in children and youth, and there have been no prior
studies examining ethnic differences in the neurocog-
nitive functioning of individuals with POMS. It is
hoped that these findings may spur further research
on ethnic-based risk for adverse cognitive impact in
POMS.
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