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Abstract: Multiple sclerosis (MS) is a neurolog-
ical disease of the central nervous system which
can lead to a range of severe physical disabili-
ties. A large proportion of those affected will
experience cognitive impairment, which is
associated with a worse prognosis. Effective
assessment of cognition in MS has been prob-
lematic due to a lack of suitable scales. The Brief
International Cognitive Assessment for Multi-
ple Sclerosis (BICAMS) was developed in 2010 as
part of an international endeavour to facilitate
cognitive assessment.

Aim: The aim of this systematic review and
meta-analysis was to synthesise the available
literature published as part of the BICAMS
international validation protocol.

Methods: A literature search conducted using
PubMed, PsycINFO and Google Scholar identi-
fied 16 studies for inclusion in the systematic
review, 14 of which could be included in a
meta-analysis.

Results: BICAMS has been widely validated
across 11 languages and 14 individual cultures
and locations. The meta-analysis
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demonstrated that BICAMS identified signifi-
cantly reduced cognitive functioning in adults
with MS compared to healthy controls. This
was true for all three cognitive domains
assessed by BICAMS: information processing
speed (g=0.943, 95% CI 0.839, 1.046,
g <0.001), immediate verbal recall memory
(§=0.688, 95% CI 0.554, 0.822, p <0.001)
and immediate visual recall memory
(§=0.635, 95% CI 0.534, 0.736, p < 0.001).
Conclusion: BICAMS has been widely applied
across cultures and languages to assess cogni-
tion in MS. BICAMS offers a feasible, cost-ef-
fective means of assessing cognition in MS
worldwide. Further wvalidation studies are
underway to support this project.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic autoim-
mune, inflammatory neurological disease of the
central nervous system [1]. MS can lead to a
range of physical, psychiatric and cognitive
impairments [2]. Cognitive difficulties have a
negative impact over and above physical
impairments. Cognition affects employment,
disease management, personality, and many
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aspects of psychosocial function [3-5]. Patient
self-report of cognitive performance is con-
founded by psychosocial variables, most mark-
edly depression [6], and health professionals are
poor at detecting cognitive impairment in rou-
tine clinical consultations [7]. Objective evalu-
ation of cognitive status in MS is therefore
required.

TRADITIONAL COGNITIVE
BATTERIES FOR MS

Over the last 30 years, a handful of batteries
have been developed to assess MS cognition.
The seminal work of Rao and colleagues resul-
ted in the Brief Repeatable Battery (BRB), which
comprises the Selective Reminding Test (SRT,
verbal memory), the Symbol Digit Modalities
Test (SDMT, information processing speed), the
Paced Auditory Serial Addition Test (PASAT,
information processing speed), the 10/36 Spa-
tial Recall Test, and the Word List Generation
Test (WLG, executive skills) [8]. The battery
takes about 45 min to complete. Until recently,
the Rao battery was the most widely used
assessment of MS cognition, with validation in
several countries and frequent use in pharma-
cological trials. In an effort to develop a more
comprehensive battery to assess MS cognition,
an expert group was convened and recom-
mended the Minimal Assessment of Cognitive
Function in MS (MACFIMS) [9]. The MACFIMS
replaces the 10/36 with the BVMT-R for visual
memory, replaces the SRT with the CVLT-II for
verbal memory, and adds the Judgment of Line
Orientation (spatial skills) and the Delis—Kaplan
Executive Function System (D-KEFS) Sorting
Task (executive skills-flexibility). This battery
takes about 90 min to complete. The MACFIMS
has been validated in a few countries and used
quite extensively in research. However, both of
these batteries must be administered by a
trained neuropsychologist, which limits their
teasibility for widespread use in routine clinical
assessment. In addition, the tests have been
validated in few countries outside of the United
States, which limits their validity for multina-
tional trial use.

THE DEVELOPMENT OF THE BRIEF
INTERNATIONAL COGNITIVE
ASSESSMENT FOR MULTIPLE
SCLEROSIS (BICAMS)

Historical Background

The Brief International Cognitive Assessment
for MS (BICAMS) was designed by an expert
consensus group to facilitate the assessment of
cognition in MS [9]. In June 2010, an expert
committee of seven neurologists and five neu-
ropsychologists convened to develop recom-
mendations for a clinical tool for neurologists
and healthcare professionals working with
people with MS. The purpose of the monitoring
instrument would be for baseline ratings and
regular follow-up assessments, which could be
incorporated into routine clinical practice. It
was decided that the recommended battery
should be completed in 15 min and should not
require any special equipment (beyond paper,
pen and stopwatch). It should also be appro-
priate for international use (i.e. translation).

Development and Content

The committee critically evaluated the available
cognition scales, their psychometric properties
and their feasibility in the clinical setting. The
group agreed that the monitoring tool should
assess the domains of information processing
speed and immediate verbal and visual recall,
and would be sufficiently specific and sensitive
to measure significant cognitive impairment in
large clinical samples. The following three tests
were selected.

Symbol Digit Modalities Test (SDMT)

The Symbol Digit Modalities Test (SDMT) was
selected to measure information processing
speed. The test consists of a number of single
digits, each paired with a particular abstract
symbol. The patient is presented with rows of
the nine symbols that are arranged pseudo-
randomly, and must say the numbers that go
with each symbol in turn. The SDMT can be
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completed within 5 min, including the delivery
of instructions and time allocated for practice
and testing. The SDMT has shown superior
psychometric properties. In particular, it has
been reported to have high sensitivity of 82% to
cognitive impairment in MS [10-12] and cog-
nitive change [13-15], and moderate specificity
of 60% [16], and has been validated in several
countries [10-12]. It is most closely linked to
magnetic resonance imaging (MRI) parameters
[17]. The SDMT also has good external clinical
validity and is associated with current [18] and
future employment status [15].

California Verbal Learning Test-II (CVLT-
IT)

The California Verbal Learning Test-II (CVLT-II),
which comprises five learning trials, is an
examination of immediate verbal recall. In the
CVLT-II, patients are read a list of words at a
slightly slower rate than one item per second,
and asked to recall as many items as possible in
any order, across five trials. The test is a 16-item
word list, with four items belonging to each of
four categories, arranged randomly. The first five
recall trials of the CVLT-II have a high degree of
interdependence compared to other sections
[19, 20], and the committee decided that they
had sufficient psychometric rigour to be sensitive
to MS impairment when used alone [19, 20].
Total time to administer the CVLT-II five recall
trials is 5-10 min including instructions, testing
and responses. The full CVLT-II also has external
clinical validity and has been shown to be able to
differentiate employed MS patients from patients
unemployed due to MS [20].

Brief Visuospatial Memory Test-Revised
(BVMT-R)

The Brief Visuospatial Memory Test-Revised
(BVMT-R) is an assessment of immediate visual
recall. The first three recall trials of the BVMT-R
were selected by the committee. The psycho-
metric properties of the BVMT-R recall trials are
good [21]. The BVMT-R requires the patient to
observe a 2 x 3 stimulus array of abstract geo-
metric figures. There are three learning trials,

each 10s in length. The array is hidden from
view, and the patient is required to draw the
geometric figures in the correct position from
memory after each 10 second exposure.

International Validity

The BICAMS committee subsequently pub-
lished an international validation protocol [22].
A number of countries have published national
validations. The aim of the present systematic
review and meta-analysis is to synthesise the
relevant national validation literature regarding
BICAMS.

METHOD

The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement
was followed as a guide [23] for standardised
conduct and reporting of the current systematic
review and meta-analysis. According to the
Cochrane Database (searched January 2018),
there are no previously published reviews in the
proposed area; therefore, the current review is
the first to synthesise studies related to the
validation of the BICAMS.

Systematic Literature Search

Search terms were developed and used to iden-
tify studies which were conducted as part of the
BICAMS international validation protocol
(Table 1). These keywords were searched within
the title or abstract of the PubMed, PsycINFO,
Medline and PsycARTICLES databases in Jan-
uary 2018.

Eligibility Criteria

To refine the studies which were included as
part of the international validation of the
BICAMS protocol, only the following eligibility
criteria were applied. The inclusion criteria for
the studies in the present review were as fol-
lows: (a) peer-reviewed studies with no date
restriction, written in the English language;
(b) samples including adults with any clinical
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Table 1 Search terms for systematic review

Search terms

“multiple sclerosis” OR “ms”

AND

“Brief International Cognitive Assessment for Multiple Sclerosis” OR ‘BICAMS”

subtype of MS (or subtype combination);
(c) studies which were undertaken as part of the
international validation of the BICAMS proto-
col. The exclusion criteria were studies which
included BICAMS but were not part of the
international wvalidation of the BICAMS
protocol.

The additional criteria for inclusion in the
meta-analysis were as follows: (d) studies
included a healthy control (HC) comparison
group; (e) they reported standard quantitative
information based on the SDMT, CVLT-II and
BVMT-R subscales (mean, standard deviation
and sample size) of the MS cases and HC com-
parison group; and (f) there were a minimum of
four studies, as specified by Rosenthal [24],
which met the above criteria to be included in a
meta-analysis.

To examine the eligibility criteria, all titles
and abstracts which were returned were
screened. The full texts of all studies considered
to meet the eligibility criteria were accessed (see
Fig. 1).

Data Extraction

A headed table was developed to guide the
extraction of relevant information from full
texts, and to assess their eligibility for the final
review. Extraction was initially carried out by
the authors (FC and DL), and studies were
organised according to whether they met crite-
ria for the systematic review, meta-analysis or
both. Following data extraction, 21 studies were
excluded from the final review according to the
exclusion criteria. Extrinsic moderators,
including participant characteristics, were
extracted from the 16 short-listed studies,
comprising recruitment selection, diagnostic
criteria, age, and subtype of MS, disease

duration and time since diagnosis, education,
and score on the Expanded Disability Status
Scale (EDDS) [25]. Where appropriate, the
characteristics of the control group were
detailed, including sample size and age. The
profession of the examiner administering the
BICAMS was also recorded. Fourteen studies
met the criteria for the meta-analysis from those
included in the systematic review. For the meta-
analysis, the standard quantitative information
based on the subscales of SDMT, CVLT-II and
BVMT-R (mean, standard deviation and sample
size) of the MS cases and HC comparison group
were extracted for baseline assessments of the
BICAMS. All of the relevant data for the present
review and meta-analysis was obtained from
numerical information in texts, tables and
graphs, and statistical analysis.

Quality Assessment

The quality ratings for the studies included in
the systematic review were derived from the
Effective Public Health Practice Project (EPHPP)
[26] quality assessment tool. This instrument
assigns ratings in quantitative studies according
to selection bias, study design, confounders,
blinding, data collection methods, and with-
drawals or drop-outs. A total quality rating can
be derived from the individual ratings of the
measures. The EPHPP is particularly useful for
examining the quality of studies in health care
settings and has previously demonstrated
strong inter-rater reliability [27]. The two
authors (FC and DL) independently examined
the articles, and any disagreements were dis-
cussed and resolved.
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Studies included in meta-

analysis (n = 14)

Fig. 1 PRISMA flowchart for selection process of studies in systematic review and meta-analysis

Statistical Analysis

The meta-analysis was conducted using the
Comprehensive Meta-Analysis version 3 soft-
ware program [28]. Three individual analyses
were performed based on the averages of the
SDMT, CVLT-II and BVMT-R subscales, which
measure information processing speed and
immediate verbal and visual recall, respectively.
Effect sizes were calculated as standardised
mean differences with Hedges’ ¢ using the fol-
lowing interpretation: 0.2 = small; 0.5 = med-
ium; 0.8 = large. Hedges’ g was selected because
it offers the same interpretation as Cohen’s d,
while correcting for any potential biases that
occur from small sample sizes, whereas Cohen’s

d is disposed to overestimating the absolute
value of the standardised mean difference in
small samples.

The effect size was modelled using a random-
effects model, which estimates a mean of a
distribution of effects, to examine the degree of
difference between the MS group and the HC
based on their performance across the former
BICAMS subscales. The random-effects model
assumes that the allocation of study weights is
based on the inverse of the total variance,
which includes both within- and between-study
variance. Compared to the fixed-effect model,
this model yields a wider confidence interval
(C) when there is significant heterogeneity
among effect sizes. The predicted direction of
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results was that HC would have superior
BICAMS subscale totals compared with adults
with MS.

Heterogeneity was assessed using Cochran’s
Q test, and the magnitude of heterogeneity
using the I? statistic. A significant Q statistic
indicates dissimilar effect sizes across the
included studies, and methodological or sample
differences might be introducing variance in
the results across studies. The I? statistic assesses
the proportion of heterogeneity across studies
not due to random error and is interpreted as a
small (25%), moderate (50%) or high (75%)
level of heterogeneity [29].

Forest plots were created to visually assess for
the presence of outliers. Sensitivity analyses
were conducted to assess for publication bias by
visually inspecting funnel plots of standardised
mean differences against standard error, and
then assessed using Egger’s test of funnel plot
asymmetry [30] and Rosenthal’s fail-safe N [24].
If publication bias was indicated (Egger regres-
sion test: p<0.1), then the trim-and-fill
method [31] for random-effects models would
be applied in order to impute “missing studies”
to redress funnel plot asymmetry with adjusted
pooled effect sizes and 95% ClIs reported after
the addition of potential missing studies.

Compliance with Ethics Statement

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

RESULTS

Systematic Review of BICAMS Validation
Studies

Systematic Review Overview

Sixteen studies met the criteria for inclusion in
the systematic review (Table 2). The BICAMS
has been widely validated across 14 countries:
the United States, Argentina (two papers), Bel-
gium, Brazil, Canada, Czechoslovakia, Greece,
Hungary, Iran, Ireland, Italy (two papers),

Japan, Lithuania and Turkey. BICAMS was val-
idated twice in both Italy and Argentina. From
its original form in English, the instrument has
been extensively translated into 11 languages,
including Dutch, Czech, Greek, Hungarian,
[talian, Japanese, Lithuanian, Persian, Por-
tuguese, Spanish and Turkish. It is important to
note the distinction between language and
culture. BICAMS was validated across three
English-speaking countries (USA, Canada and
Ireland), since the cultural norms of these
specific populations are markedly different, and
this is likely to interfere with the reliability of
cognitive testing (e.g. [32]). The proportion of
individuals tested in the current study relative
to the estimated total number of those indi-
viduals in the country [33] is presented in
Table 3.

Quality Rating

The overall quality of the studies ranged from
“moderate” to “weak” on the EPHPP template
[26]. It is interesting to note that high-quality
validation studies are rated as “weak” on several
dimensions (e.g. “blinding” and “data collection
method”), because the requirements for strin-
gent international validation do not coincide
with the parameters typically applied to general
studies. This was evidenced by the polarity in
scoring, with other dimensions rated strongly
(“selection bias” and “study design”). Sensitivity
for assessing the quality of validation studies
using this tool is likely to be unsatisfactory for
this reason.

Recruitment Method

Adults with MS were recruited from a variety of
locations, including university hospitals, MS
centres, specialist clinics and tertiary referral
centres. In comparison, HC were either recrui-
ted from the community or an established
normative sample, or were known to the adults
with MS.

Sample Size

Thirteen studies included a group of adults with
MS and an HC group, while two studies did not.
The studies which deviated from this sampling
style included either an HC group or an MS
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Table 3 Comparison of number of people with MS in validation studies and total number in each country

Study Country Number of people with MS ~ Number of people with MS in Percentage in
in study country study (%)
Costers [40] Belgium 97 12,000 0.81
Dusankova [36] Czech 369 16,000 2.31
Republic
Eshaghi [41] Iran 156 50,000 0.31
Giedraitiene Lithuania 50 2621 191
[42]

Goretti [43] Italy 23 68,000 0.03
Niccolai [44] 192

Niino [45] Japan 156 12,000 1.30
O’Connell [46]  Ireland 67 7000 0.96
Ozakbas [47]  Turkey 173 40,000 0.43
Polychroniadou  Greece 44 7000 0.63

(48]
Sandi [49] Hungary 65 20,000 0.33
Spedo [50] Brazil 58 30,000 0.19
Strober [10] United 65 400,000 0.02
States

Vanotti [51, 52] Argentina 50 8000 0.06
Walker [53] Canada 57 97,366 0.06

group only. The sample size differed greatly
between studies. In adults with MS, this ranged
from 369 to 44, while for HC the samples ran-
ged from 200 to 20. Three studies contained
equal-sized groups.

Gender

The gender ratio in the majority of the samples
of adults with MS and HC disproportionally
favoured women. This ranged from 61 to 80%
in those with MS and from 55 to 86% in HC. It
is likely that this trend is related to the gender
differentiation in presentation, as the sex ratio
in MS disproportionally favours women to men
[34]. However, there was one anomaly: the
gender ratio favoured mem in just one study,
which is likely to have been influenced by the
relatively small sample size (32% women with

MS; 10% healthy women). Only two studies
reported groups that were exactly matched on
gender (61 and 75%).

Mean Age

There was a relatively consistent range of mean
ages among adults with MS reported across the
studies, from 34.0 (10.0) to 45.4 (9.9) years. The
age of HC followed a similar spread, 33.7 (9.5)
to 45.2 (9.9). The average age of adults with MS
was 39 years, and among HC was 40 years.

Diagnosis and Selection Criteria

There was a great deal of disparity between the
inclusion and exclusion criteria of the studies in
the review. The most common form of diagno-
sis of MS was through the revised McDonald
criteria [35] or later versions.
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Type of MS

The most common subtype of MS represented
across studies was relapsing-remitting (RRMS);
other subtypes included secondary-progressive
(SPMS), progressive-relapsing (PRMS), primary-
progressive (PPMS) and clinically isolated syn-
drome (CIS). Three studies included only RRMS,
while the remaining studies included a mix,
although this was not uniformly represented in
each study.

Disease Duration and Time Since Diagnosis
The average disease duration varied among
studies from 6.07 (5.08) to 12.97 (7.16) years.

BICAMS Type and Mode of Delivery

All of the studies used the BICAMS paper ver-
sion with the MS or HC groups. As noted above,
various translations of the BICAMS have been
created as part of the international validation
protocol. Three studies reported the profession
of the examiner: a neuropsychologist, MS nurse
specialist and PhD student. Most studies did not
report who administered BICAMS.

Meta-Analysis of BICAMS Validation
Studies

The results from all three subscales of BICAMS—
SDMT, CVLT-II and BVMT-R—showed that
adults with MS performed significantly worse
than controls. To examine the overall effect size
for this, a meta-analysis was conducted.

SDMT

Figure 2 depicts a forest plot showing the effect
size for each study which included SDMT.
Overall, information processing speed was sig-
nificantly lower in adults with MS than in HC,
with a large effect size (g = 0.943, 95% CI 0.839,
1.046, p <0.001). There was no evidence of
outliers, heterogeneity (Q = 20.65, p > 0.050) or
publication bias (Egger test: p > 0.050, two-
tailed). The funnel plot (see Fig. 3) shows that
the effect sizes were symmetrical. Trim-and-fill
analysis [31] estimated that there were no
studies missing from the analysis.

CVLT-II

The effect size for each study which included
the CVLT-II is shown in the forest plot in Fig. 4.
Overall, verbal memory for immediate recall
was significantly lower in adults with MS than
in HC, with a medium effect size (g= 0.688,
95% CI 0.554, 0.822, p < 0.001). There was no
evidence of outliers, although heterogeneity
was indicated (Q = 36.07, p < 0.001) to a mod-
erate extent (I* = 63.95). Using the trim-and-fill
method, one study would need to fall on the
left of the mean effect size to make the plot
symmetrical (see Fig.5). Assuming a random-
effects model, the new imputed mean effect size
remained medium (p = 0.674, 95% CI 0.541,
0.808). The Egger test remained non-significant
(p = 0.735, two-tailed), indicating that there
was no publication bias.

BVMT-R

Figure 6 displays the forest plot of effect sizes for
the studies which included the BVMT-R. Over-
all, immediate recall of visual memory was sig-
nificantly lower in adults with MS than in HC,
with a medium effect size (g=0.635 95%
CI 0.534, 0.736, p < 0.001). There was no evi-
dence of outliers or heterogeneity (Q = 20.694,
p > 0.050). The funnel plot presented in Fig. 7
shows that the effect sizes were symmetrical,
and the trim-and-fill analysis estimated that
there were no studies missing from the analysis.
There was no evidence of publication bias
according to the Egger test (p =0.801, two-
tailed).

Sensitivity

Only one paper compared BICAMS to a longer
battery [36]. In this large study, applying the
operational criterion of “one or more abnormal
tests”, BICAMS identified 58% of MS patients as
cognitively impaired, while the MACFIMS [37],
applying the MACFIMS operational criterion of
“two or more abnormal tests”, identified 55% of
MS patients as cognitively impaired. Interest-
ingly, for the MS patients with disease duration
over 21years (n=25), BICAMS identified a
greater proportion as cognitively impaired (96
vs 76% on the MACFIMS).
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Study name Statistics for each study Hedges's gand 95%Cl
Hedges's Standard Lower Upper
g error  Variance limit limit 2Z-Value p-Value
Costers (2017) 0.755 0.148 002 0465 1045 5.100 0.000
Dusankova (2012) 1.241 0.108 0012 1029 1453 11.487 0.000 -D-
Eshaghi (2012) 0.703 0.136 0018 0437 099 5179 0.000 - =
Geedrattiene (2015) 1.118 0278 0077 0572 1663 4.018 0.000
Niccdlai (2015) 0.819 0.105 0.011 0614 1.025 7.804 0.000
Niino (2017) 1.071 0.128 0016 0821 1321 8.388 0.000
OConnell (2015) 0.850 0.180 0032 0497 1203 4718 0.000
Qzakbas (2017) 0918 0.116 0014 0690 1.146 7.886 0.000
Polychroniadou (2016) 1.110 0.200 0040 0718 1501 5551 0.000
Sandi (2015) 0.793 0.181 0033 0438 1.148 4376 0.000
Spedo (2015) 0.788 0192 0037 0412 1.163 4111 0.000
Strober (2009) 1.314 0211 0044 0901 1727 6.238 0.000
Vanctti (2016) 0.898 0.180 0032 0545 1.251 4.991 0.000
Walker (2016) 0.963 0.202 0.041 0566 1.359 4.760 0.000
0.943 0.053 0003 0839 1046 17.850 0.000
-2.00 -1.00 0.00 1.00 200
Favours MS Favours HC

Meta Analysis

Fig. 2 SDMT forest plot
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Fig. 3 SDMT funnel plot
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Study name Statistics for each study Hedges's gand 95%Cl
Hedges's Standard Lower Upper

g error  Variance limit  limit Z-Value p-Value
Costers (2017) 0.105 0.143 0020 -0176 0385 0732 0464 —|}
Dusankova (2012) 0.898 0.105 0011 0693 1103 858 0000 {F
Eshaghi (2012) 0623 0.135 0018 0358 087 4617 0000 -}
Giedrattiene (2015) 1.072 0277 0077 052 1614 3870  0.000 e B
Niccolai (2015) 0.601 0.103 0011 03% 0803 587 0000 1F
Nino (2017) 0605 0122 0015 0365 084 4951 0000 el
OConnell (2015) 0.853 0.180 0032 0500 1207 473  0.000 -
Qzakbas (2017) 0.837 0.115 0013 0610 1063 7246  0.000 ¥
Polychroniadou (2016) 0.440 0.189 003 0089 0810 2327 0020 -}
Sandi (2015) 0.380 0.176 0031 0035 0725 2159 0031 —{1—
Spedo (2015) 0.965 0.195 0038 058 1348 4949  0.000
Strober (2009) 0.935 0.201 0041 0540 1329 4642 0000
Vanctti (2016) 0.8%0 0.180 0032 0538 1243 4952  0.000
Walker (2016) 0.664 0.197 0039 0279 1049 3376  0.001

0688 0.089 0005 0554 082 10040  0.000 &
-2.00 -1.00 0.00 1.00 2.00
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Meta Analysis

Fig. 4 CVLT-II forest plot
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Fig. 5 CVLT-II funnel plot
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Study name Statistics for each study Hedges's gand 95%Cl
Hedges's Standard Lower Upper
g error  Variance limit  limit Z-Value p-Value
Costers (2017) 0.443 0.145 0021 0159 0727 3059 0002 -1
Dusankova (2012) 0.944 0.105 0011 0739 1150 8993  0.000
Eshaghi (2012) 0.545 0.134 0018 0282 0808 4061 0000 -{ -
Giedrattiene (2015) 1.016 0275 0076 0477 1556 3690  0.000
Niccolai (2015) 0.591 0.103 0011 038 0793 5735  0.000 {F
Nino (2017) 0663 0123 0015 0423 0904 5407  0.000 |1
OConnell (2015) 0438 0.175 0030 00% 0780 2510 0012 o
Qzakbas (2017) 0632 0.113 0013 0410 0855 5573  0.000 Elg
Polychroniadou (2016) 0.497 0.190 003 0126 089 2624 0009 —_—
Sandi (2015) 0571 0178 0032 022 0920 3210 0001 —0—
Spedo (2015) 0475 0.187 0035 0108 081 2537 00M —_
Strober (2009) 082 019 0040 0432 1213 4120 0000 e B
Vanatti (2016) 0417 0174 0030 0076 0758 23% 0016 -
Walker (2016) 0.962 0202 0041 0565 1358 475 0000
0635 0.051 0003 053 0736 12338  0.000 &
-2.00 -1.00 0.00 1.00 2.00
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Meta Analysis
Fig. 6 BVMT-R forest plot
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DISCUSSION

Summary of Findings

The aim of the current paper was to synthesise
the national BICAMS validations to date. A total
of 16 studies were included in the systematic
review, of which 14 articles were then assimi-
lated into the meta-analysis. The systematic
review showed that BICAMS had been widely
applied in many different languages, cultures
and locations, with a diverse range of clinical
samples including different disease subtypes,
durations and severity. Most studies had inclu-
ded an HC sample with a similar educational
background. BICAMS was administered in per-
son by a neuropsychologist in most cases,
although this was underreported. BICAMS was
able to identify cognitive difficulties in adults
with MS compared to HC, with difficulties
identified in all three areas of information pro-
cessing speed and immediate verbal and visual
recall. Cognitive impairment was most marked
in the domain of information processing speed.
These findings fit with established knowledge
and opinion and show that the selected scales
can detect cognitive dysfunction in a 15-min
battery. BICAMS also relies on previous findings
regarding the component scales for its psycho-
metric provenance.

Strengths

Several strengths of this review must be con-
sidered. Countries reported that BICAMS could
be feasibly administered in around 15 min, with
minimal materials, and was recommended for
routine clinical cognitive assessment in MS.
Within the validation studies there was a wide
representation of cultures, languages and loca-
tions involved in the initiative. With the suc-
cess of the international validation protocol and
the number of those estimated within the
population [33], it is possible to generalise the
findings beyond the review. The proportion of
samples represented varied between 0.2 and
1.91%, with the largest representation of adults
with MS recruited from Lithuania. This is a
significant first step in translating an

understanding of cognitive impairment in MS
globally. The direction of the results was as
expected on all three scales; however, of note
was that the CVLT-II was the most heteroge-
neous. This is likely a result of the extra lin-
guistic and cultural demands of the stimuli in
the subscale.

Limitations

There are a number of limitations which need
to be recognised. In terms of sampling, there
was a great deal of heterogeneity in sample size
and MS type, ranging from disproportionally
mixed subtypes to the inclusion of only one
subtype. It is possible this may have biased the
size of effect found, as cognitive impairment is
more common in progressive forms of the ill-
ness. The HC were recruited from the commu-
nity or were related or known to the adult with
MS. In cases where HC were related to the adult
with MS, this would pose a threat to the statis-
tical assumption of independence between the
samples examined. There was also a disparity in
inclusion criteria, with variations of the
McDonald criteria used [35], the control of
comorbidity and medication, the details of
which would have likely contributed to the
observed heterogeneity. The aforementioned is
likely to be in addition to the unequal gender
ratio, in favour of women. It is important to
consider the average age of those tested in the
current review, and that the degree of cognitive
impairment identified by BICAMS is likely to be
negatively skewed, as the range of illness dura-
tion exceeded 6 years. The studies were cross-
sectional, and baseline rather than re-test scores
were included in the review; therefore, further
longitudinal data is needed to understand the
course of cognitive decline. Although BICAMS
is reportedly able to be administered by quali-
fied clinical health professionals, due to under-
reporting in the current studies, it appeared that
most BICAMS were delivered by a neuropsy-
chologist. Clinical thresholds of BICAMS scores
have been proposed, but these were not recor-
ded in the current review [38]. Few studies
included accompanying neurocognitive assess-
ments. Finally, this review provides only an
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interim analysis of the wider international val-
idation of the BICAMS endeavour, since many
countries have not yet published their data.

CONCLUSIONS

BICAMS has been shown to be relatively robust
across a variety of cultures, languages and
locations as a valid measure of cognition in MS.
Working together with multiple sources of
funding, the international MS community has
participated in this endeavour to great success
in improving optimisation of cognitive assess-
ment. As a result of this international coopera-
tion, a psychometrically sound assessment has
become available, leading to increased aware-
ness of MS cognition, which will improve cog-
nitive symptom management.

FUTURE DIRECTIONS

A further dozen international validations are in
progress. The range of countries with access to
cognitive assessment for MS is increasing. Large
combined datasets are facilitating the develop-
ment of illuminating regression models [39]. It
is anticipated that the new iPad version of the
BICAMS, which is currently undergoing valida-
tion, will further extend the validity and reach
of BICAMS within the MS community.
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