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Abstract

Aim The Brief Repeatable Battery of Neuropsychological Tests (BRB) is frequently used to estimate cognitive function in adults
with multiple sclerosis (MS), while it has been included in few studies on young MS, also because of the absence of normative
values. We aim to evaluate the impact of age, gender, and education on BRB scores in a young adolescent population.
Methods We administered the BRB to 76, 14-to-17-year-old, healthy subjects. Linear regression models were used to assess the
impact of age, gender, and education on sub-test scores. When statistically significant (p < 0.05), we used the regression
coefficient to correct the raw scores.

Results Younger age was associated with better performance on SPART (8=-2.54; p<0.05) and SPART-D (G=—1.06;
p<0.05). Male gender was associated with better performance on SPART (5= 3.40; p <0.05), SPART-D (3=1.41; p <0.05),
PASAT-3 (3=5.58; p<0.05), and PASAT-2 (3=5.07; p <0.05). Educational attainments were associated with better perfor-
mance on SPART (5=3.23; p<0.05) and SPART-D (8=1.28; p<0.05). Cut-off points were suggested at the 5th lowest
percentile.

Interpretation Age, gender, and education must be accounted for when applying the BRB to young population. Present results
can prove useful for future clinical and research applications in adolescent MS patients.
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Introduction Cognitive symptoms are quite common in juvenile-onset
MS, ranging from 55% in patients without any psychiatric
Five percent people with multiple sclerosis (MS) have disease ~ comorbidity, to 80% among those suffering from anxiety or
onset before 18 years-old, mainly in adolescence [1].  mood disorder [1, 2]. Cognitive performances deteriorate over
time in both adult and young MS patients, but progression is
more heterogeneous in pediatric patients, when compared
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physical disability [3, 4]. Some young MS patients present
with higher potential for compensation and improvement over
time, compared with others whose cognitive impairment will
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up (from pediatric to adult age). Among currently avail-
able neuropsychological batteries, the Brief Repeatable
Battery of Neuropsychological Tests (BRB) was specifi-
cally developed for evaluating people with MS and is
characterized by short duration (20-30 min) and high sen-
sitivity (71%) and specificity (94%) in detecting cognitive
impairment [8—10]. To date, the application of the BRB is
limited to adult population where the impact of age, gen-
der, and education has been assessed and cut-off points
have been defined [11]. In pediatric MS, tests derived
from the BRB have been frequently used [12-15], are
associated with MS clinical features [12], and their psy-
chometric properties are related to global cognitive func-
tioning (IQ), as measured with the Wechsler Intelligence
Scale [13]. As such, tests from the BRB would be poten-
tially able to detect cognitive dysfunction in a relatively
short time, when compared with 1Q tests, but their use in
young-onset MS is limited by the absence of normative
values. Since “pediatric” age of onset of early MS is
largely in adolescence, we aim (i) to assess the impact
of age, gender, and education on cognitive performance
assessed through the BRB, (ii) to provide raw score cor-
rections with regard to such factors, and (iii) to estimate
cut-off points for BRB in young adolescence.

Materials and methods
Study design and population

This is a cross-sectional observational study. The Federico II
University of Naples ethics committee approved the study.
Subjects were voluntarily recruited at three different high
schools in Naples, Italy. Included subjects and their parents
gave written informed consent to the research and to publica-
tion of the results.

We included 14-to-17-year-old healthy subjects. Exclusion
criteria were the following: history of learning disabilities,
serious head injury, visual/hearing dysfunction, concomitant
neurological/psychiatric illness, or drug/alcohol abuse.
Demographic characteristics of the recruited population are
shown in Table 1.

Table 1  Demographic features of the study sample

Total (n= 76)
Male/female 31/45
Age, years (mean + SD) 15.81+1.61
Education, years (mean + SD) 10.61+1.46

SD standard deviation
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Neuropsychological test

Two neuropsychologists examined the subjects. They were
trained together for data recording and scoring procedures,
in order to uniform criteria of administration. We used a pre-
viously validated Italian translation of the BRB (version A)
[16]. Administration of the whole battery took about 30 min.

Briefly, the BRB included neuropsychological tests evalu-
ating the following:

Verbal learning, using the selective reminding test (SRT),
which includes a measurement of long-term storage (SRT-
LTY), its consistent retrieval (SRT-CLTS), and its delayed re-
call (SRT-D) [17];

Visuospatial learning, using 10/36 spatial recall test
(SPART) and its delayed recall (SPART-D) [18];

Attention and processing speed, using the symbol digit
modalities test (SDMT) [19], and the paced auditory serial
addition test (PASAT) with a rate of number presentation of
3 (PASAT-3) and 2 s (PASAT-2) [20];

Verbal fluency, using the word list generation (WLG) [8].

Tests were administered in a standardized manner, during
daytime, in a quiet room, and in a fixed order: SRT, SPART,
SDMT, PASAT-3, PASAT-2, SRT-D, SPART-D, and WLG.

Statistical analysis

To evaluate factors impacting on cognitive performance, we
used linear regression models using age, gender, and educa-
tion in turn as possible predictors, and each test score as de-
pendent variable, as previously done in adults [21]. When a
significant association between test scores and each of the
predictors was found (p <0.05), the regression coefficients
were used to calculate adjusted scores by applying the stan-
dard formula: corrected test score: raw score — 3 age* (age—
15.81) — 3 education*(education—10.61) — 3 gender, where 3
is the regression coefficient, 15.81 is the mean age, and 10.61
is the mean education.

After adjusting for the relevant demographic factors, we
calculated the cut-off for each BRB score as [test
score-(1.96*test standard deviation)], corresponding to the
fifth percentile [11].

Considering the cross-sectional nature of the present study,
conventional sample size/power calculation is impossible.
Ninety-five percent confidence intervals (95% CI) were re-
ported as an indirect measure of study power [22].

Results

Seventy-six healthy subjects were included in the study

(Table 1). Raw scores on BRB are reported in Table 2.
Younger age was associated with better performance on

SPART (6=-2.54; p<0.05) and SPART-D (5=—1.06;



Neurol Sci (2019) 40:713-717

715

Table 2 BRB raw and adjusted

scores and proposed cut-off Test Raw score = SD [95% CI] Adjusted score + SD [95% CI] 5th percentile

points. The table shows BRB raw

scores and scores adjusted for SRT-LTS 52.95+9.87[50.73-55.17] - 36.75

age, gender, and education (as SRT-CLTR 44.84+12.41 [42.05-47.63] - 25.50

necessary), with 95% confidence  gpr.py 9.86+ 1.87 [8.97-9.77] - 7.00

intervals (95% CI), and proposed

cut-off points (at the lowest Sth SPART 24.29+4.56 [23.26-25.31] 20.90 +4.35 [19.93-21.89] 14.36

percentile of adjusted scores) SPART-D 8.76+1.82 [8.35-9.17] 7.36+1.75[6.97-7.75] 3.99
SDMT 59.80+11.21 [57.28-62.32] - 41.50
PASAT 3 43.42+10.33 [41.10-45.74] 40.35+9.73 [31.17-42.55] 24.27
PASAT 2 35.83+10.85[33.39-38.27] 30.76 +9.68 [28.58-32.94] 15.80
WLG 21.33+4.74 [20.26-22.40] - 5.00

BRB, brief repeatable battery; SRT-LTS, selective reminding test long-term storage; SR7-CLTS, SRT consistent
retrieval; SRT-D, SRT delayed recall; SPART, spatial recall test; SPART-D, SPART delayed recall; SDMT, symbol
digit modalities test; PASAT, paced auditory serial addition test at 3 and 2 s; WLG, word list generation; SD,
standard deviation; 95% CI, 95% confidence intervals

p<0.05). Male gender was associated with better perfor-
mance on SPART (5=3.40; p<0.05), SPART-D (=
1.41; p <0.05), PASAT-3 (5=5.58; p<0.05), and PASAT-
2 (6=5.07; p <0.05). Educational attainments were associ-
ated with better performance on SPART (3=3.23; p <0.05)
and SPART-D (8=1.28; p <0.05) (Table 3).

Table 2 shows mean scores and percentile values for BRB
tests after correcting for relevant demographic factors; 95%CI
are also reported as an indirect measure of study power [22].

Table 3  Significant predictors for BRB scores

Test Significant predictors

SRT-LTS -

SRT-CLTR -

SRT-D -

SPART Age, f=—2.54 (p<0.05)
Male, 5=3.40 (p <0.05)
Education, 5=3.24 (p <0.05)

SPART-D Age, =—1.06 (p<0.05)
Male, f=1.41 (p<0.05)
Education, 5=1.29 (p <0.05)

SDMT _

PASAT 3 Male, 5=5.58 (p <0.05)

PASAT 2 Male, 5=5.07 (p=0.02)

WLG -

[ coefficients and p values are reported from statistically significant linear
regression models using age, gender, and education in turn as possible
predictors, and each test score as dependent variable

BRB, brief repeatable battery; SRT-LTS, selective reminding test long-
term storage; SRT-CLTS, SRT consistent retrieval; SR7-D, SRT delayed
recall; SPART, spatial recall test; SPART-D, SPART delayed recall; SDMT,
symbol digit modalities test; PASAT paced auditory serial addition test at 3
and 2 s; WLG, word list generation

Discussion

The present study explored the impact of age, gender, and
education on cognitive function, as measured with the BRB,
in healthy adolescents under 18 years old. The BRB is increas-
ingly used in the MS clinical practice but, to date, there are no
normative data for young population. Juvenile-onset MS pa-
tients have a more unpredictable and, frequently, more aggres-
sive disease course, when compared with adults [3]. Thus,
identifying cognitive features of possible prognostic signifi-
cance in early stages of the disease is extremely helpful for
clinical and research purposes in pediatric MS [12, 23]. In
particular, our findings underline that age, gender, and educa-
tion significantly affect cognitive function in young adoles-
cents, at different degree for each cognitive task. Also, we
provided the first cut-off points for BRB in an Italian young
adolescence population.

In our sample, gender was the most important variable
affecting neuropsychological performance. In Italian adults,
Amato and colleagues found a significant effect of gender
on verbal fluency (for version A) and verbal learning (for
version B), with females performing better than males [7]. In
our study, as opposite to Amato and colleagues, males per-
formed better on tasks that require spatial and attention abili-
ties. This contrasting result might be explained by a different
time of neurological maturation related to gender, with fe-
males generally outperforming males before the age of
10 years, but being overcome by males in young adulthood
[24, 25]. Future studies will need to assess how the BRB is
able to define trajectories in the developmental age, character-
ized by continuously-evolving cognitive function.

In our population, visuospatial learning was better in
younger and more educated subjects. When compared with
adults [11], age and education marginally influenced BRB
scores in this young population. This is possibly due to the
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homogenous age range (14—17 years) and educational back-
ground in our population that was recruited among high
school students. In the future, young and adult populations
could be included in the same study in order to obtain a full
view on cognitive function throughout life and, not surpris-
ingly, we could hypothesize a non-linear distribution of test
scores [24, 25].

We need to acknowledge that the present study did not
include neuropsychological tests other than those from the
BRB; however, psychometric properties of the BRB have
been previously explored, also in relation to the IQ [13]. We
aimed to estimate normative values for an easy-to-
administer battery, the BRB, that can be used to screen cog-
nitive impairment in young MS patients, under 18 years old,
and, then, can be used for monitoring of cognitive function
trough the life span. The sample was recruited from three
schools within the same town (Naples, Italy), and the repro-
ducibility of our results should be further evaluated in larger
and more diverse Italian population; however, the students
of the schools performed within the average, according to
Italian rating agencies [26]. Sample size could be an issue,
but was fairly larger than previous studies on similar topics
[6]; more representative samples with larger age and educa-
tional span would allow to confirm normative values,
avoiding the need for control groups when evaluating
young MS patients’ cognitive function.

In conclusion, we obtained cut-off scores through correc-
tions for demographic variables, in an Italian adolescent pop-
ulation, for a widely used neuropsychological battery. In the
future, the BRB could be used consistently in young and adult
patients with MS for the clinical practice and research. More
precise scoring of BRB might be helpful to evaluate cognitive
function at diagnosis, and to monitor cognitive progression in
relation to clinical variables and treatments.
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