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Background: Cognitive impairment is one of the common features of multiple sclerosis (MS). Despite high preva-
lence, cognitive decline is often overlooked by neurologists. The Brief International Cognitive Assessment for MS
(BICAMS) was therefore introduced by the international expert committee as a brief and effective tool for the assess-
ment and monitoring of cognitive functions in patients with MS. The validity and reliability of BICAMS have been
demonstrated in many countries. Our aim was to validate the BICAMS in Georgian patients with MS.

Methods: A total of 68 patients with MS and 68 matched controls were assessed by the Georgian-language BICAMS.
All' healthy controls and seven patients were re-evaluated with identical tests to assess retest reliability.

Results: In comparison to healthy controls, patients with MS performed significantly worse on all tests in the assess-
ment battery. Test-retest reliability measures were good for all tests. The prevalence of cognitive impairment in

Conclusion: The Georgian-language BICAMS is a reliable and valid battery for the assessment of cognitive function in

Keywords: Multiple sclerosis, Cognitive impairment, Brief International Cognitive Assessment in MS (BICAMS),

Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, demy-
elinating, and degenerative disease of the central nervous
system [1]. MS usually affects individuals between the
ages of 20 and 40 and is the leading cause of non-trau-
matic disability in young adults [2]. Over the past few
decades, cognitive impairment (CI) has been recognized
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as an important feature of the disease, presenting in up
to 65% of patients [3]. Information processing speed and
episodic memory are the most commonly impaired cog-
nitive functions [4]. CI presents even at early stages of the
disease but is more prominent and prevalent in patients
with progressive MS [5, 6]. In a recent multi-center study,
the overall prevalence of CI in patients with second-
ary and primary progressive MS was 79.4% and 91.3%,
respectively [7]. Planche et al. found that patients with
progressive MS have more frequent and severe impair-
ment of information processing speed, executive func-
tion, verbal episodic memory, visuospatial abilities, verbal

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12883-021-02249-x&domain=pdf

Botchorishvili et al. BMC Neurol (2021) 21:218

fluency and working memory, compared to patients with
RRMS [8]. Increasing evidence indicates that CI substan-
tially impacts working ability and activities of daily living
in patients with MS. Moreover, it is the leading predictor
of occupational disability in these patients [9].

Cognitive dysfunction should be identified as early as
possible to ensure timely intervention and adequate man-
agement. However, if not assessed with standardized
neuropsychological tools, it can be overlooked during
routine neurological assessments [10].

In 2012, the Brief International Cognitive Assessment
for MS (BICAMS) was introduced by the international
committee as an effective tool for the assessment and
monitoring of cognitive function in patients with MS [10,
11]. Three tests are included in this battery. The first is
the Symbol Digit Modality Test (SDMT), which assesses
information processing speed. The test consists of nine
digits paired with nine geometric symbols. A sample of
nine symbol-digit pairs is followed by rows filled with
random symbols. The patient writes or names the num-
ber corresponding to each consecutive symbol. Patients
have 90 s in which to assign as many numbers as possi-
ble [12, 13]. The second is the California Verbal Learning
Test 2nd edition (CVLT-II), which evaluates verbal mem-
ory. The test is composed of 16 words from four differ-
ent categories. The examiner reads aloud the same list of
words five times. After each reading, the patient recalls as
many words as possible [14]. The third is the Brief Visual
Memory Test-Revised (BVMT-R), which assesses visual
memory. A sheet of paper displaying six unique geomet-
ric figures is presented to the patient for 10 s three times
and is then removed each time. After each learning trial,
the patient attempts to draw the figures in the correct
position [15]. The BICAMS requires 15 min to adminis-
ter and its validity and reliability have been demonstrated
in many countries [16]. The battery can be used in rou-
tine clinical practice for monitoring cognitive function
in patients with MS by a neurologist or other healthcare
professional [11].

The objective of this study was to validate the BICAMS
in Georgian patients with MS.

Materials and methods
The study was conducted at the S. Khechinashvili Uni-
versity Hospital from March 1, 2019 to October 1, 2020.
The study protocol and informed consent form were
approved by two ethics committees: the local S. Khechi-
nashvili University Hospital committee and the Thbilisi
State Medical University committee.

Prior to enrollment, the three tests and the adminis-
tration manual of the BICAMS were translated into the
Georgian language in accordance with the guidelines
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of the International Test Commission [17]. We did not
make major changes to any of the tests.

Subjects

In total, 246 subjects were recruited for the study: 68
patients with MS and 178 healthy controls (HC). Inclu-
sions were: (for patients with MS) willingness and ability
to give informed consent; a diagnosis of MS confirmed
according to the McDonald criteria (2017 revision);
age>18 y; no evidence of relapse in at least the month
preceding the evaluation; no history of medical condi-
tions, other than MS, that could affect cognitive abilities;
native speaker of the Georgian language.

MS patients admitted to the neurology outpatient clinic
at S. Khechinashvili University Hospital from March 1,
2019 to October 1, 2020 were offered an opportunity to
participate in the study and 68 accepted.

Two hundred and forty-six HCs were randomly
selected from two regions in Georgia. The inclusion cri-
teria for this pre-screening group were age> 18 y and no
history of neurological disease or severe head trauma.
Neuropsychological assessment was performed by a
trained psychologist and a neurologist. An age-, sex-, and
education-matched group of 68 participants was then
sub-selected from this group.

Testing

We collected demographic data on age, education,
employment status, disease duration and subtype, and
scores on the expanded disability status scale (EDSS).
Neurological and neuropsychological assessment was
conducted the same day. All assessments in the MS group
were performed by the same neurologist. The BICAMS
battery was applied in the recommended sequence,
namely: SDMT; CVLT-II, first five learning trials; and
BVMT-R, first three learning trials. We have used writ-
ten version of SDMT, although original BICAMS battery
includes oral version of the test [11]. After completion
of the BICAMS, patients filled out the Beck Depression
Inventory (BDI) [18].

To assess retest reliability, 68 HCs and 7 MS patients
were re-evaluated with identical tests, with a mean inter-
val between evaluations of 18.0. days (+7.1.).

Patients were classified as cognitively impaired if their
score on any BICAMS test was below 1.5 SD of the mean
score of the control group.

Statistical analysis

Values are presented as means+SD and percentages.
Statistical analysis was performed with SPSS V26 soft-
ware. Statistical significance was set at p <0.05. Pearson’s
correlation coefficient was used for the measurement of
correlations and of test-retest reliability. Comparisons
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Table 1 Characteristics of the study population

Patients Controls

Number of participants n 68 68
Age (y), mean+SD 39.2(£9.9) 385 (+£9.9)
Women n (%) 48 (71%) 46 (68%)
Men n (%) 20 (29) 22 (32%)
Education (y), mean & SD 143+2.1 1454+19
Education> 15y, n (%) 50 (74%) 49 (72%)
Education <14y, n (%) 18 (26%) 19 (28%)
Employed n (%) 39 (57%) 57 (84%)
Unemployed n (%) 29 (43%) 11 (16%)
Disease duration (y), mean£SD 7057
EDSS score, mean & SD 33+16 -
MS subtype

RRMS n (%) 52 (76%) -

SPMS n (%) 12 (18%) -

PPMS n (%) 4 (6%) -

EDSS Expanded disability status scale, RRMS Relapsing-remitting MS, SPMS
Secondary progressive MS, PPMS Primary progressive MS

between different groups employed the paired-samples
t-test.

Results

All 68 patients with MS completed the SDMT. The oral
version was administered to four patients who scored > 2
points on the pyramidal or cerebellar functional scales
involving the dominant hand. The BVMT-R results were
missing for two patients. The BDI was administered to 55
(81%) patients.

The main characteristics of the study population are
outlined in Table 1. The mean age of the MS group was
39.24+9.9. The mean age of the HC group was 38.5+9.9.
In the HC group, 84% were employed, whereas in the
MS group, 57% were employed. Forty-nine HC partici-
pants and Fifty MS participants had > 15 y of education.
The proportion of patients with <14 y of education was
slightly higher in the control group (28% vs. 26%).

Table 2 BICAMS test—retest reliability

Test Retest r P
SDMT/MS 3554127 37.5+£100 0.87 <0.001
CVLT-I/MS 51.0£11.2 580485 0.83 <0.001
BVMT-R/MS 220+£80 251436 0.80 <0.001
SDMT/HC 46.0+11.8 481+£11.2 0.78 <0.001
CVLT-lIZHC 585+£82 62.9+8.1 0.75 <0.001
BVMT-R/HC 256£6.8 326439 0.70 <0.001

Scores are mean =+ SD; SDMT Symbol Digit Modality Test, CVLT-I California Verbal
Learning Test 2nd edition, BVMT-R Brief Visual Memory Test-Revised.
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Table 3 Comparison of mean £ SD test scores between patients
with MS and healthy controls (HC)

MS group HC group P Cohen’sd
n 68 68
SDMT 355+£127 460+118 <0.001 0.86
CVLT-II 51.0+£11.8 585482 <0.001 0.74
BVMT-R 220+£80 256+6.8 <0.001 048

The MS group comprised 52 patients (78.8%) with
relapsing—remitting MS (RRMS), 12 with secondary
progressive MS (SPMS), and 4 with primary progressive
MS (PPMS). The mean disease duration in patients was
7.0+ 5.7 y. Forty-nine percent of patients had a <5-y his-
tory of MS. Ten percent of patients had newly diagnosed
MS. The mean BDI score was 12+9.0 points. Clinically
significant moderate to severe depression (>19 points)
was identified in 14 patients (25%).

As shown in Table 2, the test—retest reliability coeffi-
cient was adequate to good for all three tests. The SDMT
showed the highest reliability.

Scores are mean= SD; SDMT, Symbol Digit Modality
Test; CVLT-II, California Verbal Learning Test 2nd edi-
tion; BVMT-R, Brief Visual Memory Test-Revised.

The mean scores on all cognitive tests were lower in the
patient group. The greatest discrepancy between the MS
and HC groups was seen on the SDMT (Table 3).

Age was negatively correlated with all test scores
in the HC group (Table 4). Such a correlation was
observed with only the SDMT scores in the patient
group (Table 5). In the HC group, we found a signifi-
cant positive correlation between years of education
and scores on all three tests. In the patient group, an
analogous correlation was identified for the BVMT-
R and SDMT, but not for the CVLT-II. Among 18
patients with fewer than 14 y of education, CI was
identified in 14 (78%). In contrast, among 19 HCs with
fewer than 14 y of education, CI was identified in only
2 (10.5%).

Table 6 shows comparisons of patients with shorter
and longer disease duration. The mean scores on
the BICAMS tests were higher in patients with

Table 4 Correlations of BICAMS scores with age and education
in the HC group

Age Education

r P r p
SDMT -0457 <0.001 0.523 <0.001
CVLT-lI -0.368 <0.001 0439 0.002
BVMT-R -0.506 <0.001 0.348 0.04
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Table 5 Correlations of BICAMS scores in patients with MS

Age Education Duration EDSS BDI

r p r p r p r p r p
SDMT -0.400 0.001 0.243 0.04 -0.177 0.1 -0.582 <0.001 -0.288 0.02
CVLT-II -0.112 0.4 0.207 0.09 -0.106 04 -0.403 <0.001 -0.152 0.7
BVMT-R -0.192 0.07 0.297 0.01 0.125 0.3 -0.342 <0.001 -0.06 0.7

Education, years of education; Duration, disease duration; EDSS Expanded disability status scale, BDI Beck Depression Inventory

shorter (<10 y) disease durations, i.e., 31.0 +12.6 vs.
37.3+11.8 for the SDMT, 47.6+10.5 vs. 52.2+11.1
for the CVLT-II and 21.84+8.4 vs. 22.4+7.5 for the
BVMT-R. The mean age was higher in patients with
longer disease durations (41.0£8.0 vs. 38.4+10.0).
On the other hand, the proportion of individuals with
fewer than 14 y of education was higher in patients
with a disease duration <10y (31.5% vs. 14.3%).

The overall prevalence of CI in our MS sample was 43%.
Cognitive dysfunction was found in 67% of patients with
SPMS and in 75% of patients with PPMS. In the RRMS
subgroup, CI prevalence was 34%. Cognitive decline
was identified in 19 patients (28%) by the SDMT, in 22
patients (32%) by the CVLT-I], and in 13 patients (19%)
by the BVMT-R. Among patients with MS who had CI,
31% performed below the cutoff score (i.e., showed CI)
on all three tests, 24% showed CI on two of the tests, and
41% showed CI on one test.

Table 6 Comparison of patients with shorter and longer disease

duration
<10y disease duration >11y
disease
duration
Number of participants n 54 14
Age (y), mean£SD 384 (+10.0) 41.0(£8.3)
Women n (%) 38 (70.4%) 11 (76.6%)
Men n (%) 16 (29.6%) 3(21.4%)
Education (y), mean +SD 141422 149412
Education> 15y, n (%) 37 (68.5%) 12 (85.7%)
Education <14y, n (%) 17 (31.5%) 2 (14.3%)
EDSS score, mean +SD 30+13 38423
MS subtype
RRMS n (%) 44 (81.5%) 8(57.1%)
SPMS n (%) 8 (14.8%) 4 (28.6%)
PPMS n (%) 2 (3.7%) 2 (14.3%)
SDMT 373+118 31.0£126
CVLT-II 522+11.1 4764105
BVMT-R 224475 21.8+84

SDMT Symbol Digit Modality Test, CVLT-I/ California Verbal Learning Test 2nd
edition, BVMT-R Brief Visual Memory Test-Revised

Discussion

Clis an important feature of MS, and a reliable neuropsy-
chological screening instrument for the identification
and monitoring of cognitive dysfunction in patients with
MS is essential. The presence of CI may indicate progres-
sion of the disease despite stable physical symptoms [19].
Patients with CI can benefit from early medical inter-
vention and rehabilitation. There is a growing evidence
that disease modifying therapies (DMT) can prevent or
reduce CI in patients with MS, although this subject has
not been studied extensively [20, 21]. Recent data sug-
gest that cognitive rehabilitation programs that specifi-
cally target distinct cognitive domains, such as working
memory, attention or information processing speed, have
positive effect on CI [22, 23].

Despite the high prevalence, cognitive decline is often
overlooked by neurologists. The BICAMS battery was
therefore introduced by the international expert com-
mittee as a brief and effective tool for the assessment and
monitoring of cognitive functions in patients with MS.
The original BICAMS battery recommends administra-
tion of oral SMDT to minimize the effect of physical dis-
ability on performance [11]. However, oral motor slowing
has also been shown to influence performance on SDMT
[24]. Additionally, written version of SDMT is easier to
administer.

This is the first study to evaluate the validity and reli-
ability of the Georgian-language BICAMS in compliance
with international validation recommendations [11]. We
found that 43% of our patients with MS had CI; the prev-
alence of CI in the control group was only 14%.

We found that age, fewer years of education, and a
greater disability status are the main predictors of CI in
MS. As expected, unemployment was more common
in patients with CI (50% vs. 24%). We found a negative
correlation between the SDMT results and scores on the
BDI. CI was more prevalent in patients with clinically sig-
nificant depression (33.3% vs. 8.3%).

In comparison to other validation studies [25-27],
our study found significantly lower scores on the
SDMT for both patients and HCs. The large dis-
crepancy with the reported mean scores should be
explained by the fact, that we administered written
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version of SDMT. However, our results are compat-
ible with the Brazilian BICAMS validation study [28],
although the mean years of education was significantly
higher in our study.

We found no correlation between the BICAMS scores
and disease duration. However, the prevalence of CI was
significantly higher in patients with longer (>11 y) dis-
ease duration (57% vs. 39%).

One of the limitations of this study is the small sample
size. Unlike the original BICAMS battery we used writ-
ten version of SDMT that might have an impact on cor-
relations with other studies. Further, we did not exclude
patients with clinically significant depression, and this
could have influenced the test results. However, two
of the three tests showed no correlation with the BDI
scores. Additionally, 4 out of the 68 patients completed
the oral version of the SDMT. Despite the high internal
consistency of the SDMT, the mean scores of the two
forms may differ [29].

Conclusion

Overall, our results are consistent with other validation
studies, confirming that the Georgian-language BICAMS
can be used in clinical practice as a reliable tool for the
monitoring of cognitive function in patients with MS.

Abbreviations

BDI: The Beck Depression Inventory; BICAMS: The Brief International Cognitive
Assessment for MS; BVMT-R: The Brief Visual Memory Test-Revised; Cl: Cogni-
tive impairment; CVLT-II: The California Verbal Learning Test 2nd edition; EDSS:
Expanded disability status scale; HC: Healthy controls; MS: Multiple sclerosis;
PPMS: Primary progressive MS; RRMS: Relapsing-remitting MS; SD: Standard
deviation; SDMT: The Symbol Digit Modality Test; SPMS: Secondary progressive
MS.

Acknowledgements
Not applicable.

Authors’ contribution

NB: Concept of the study, design of the research, data collection, data analysis,
draft of the manuscript. NS: Statistical analysis and interpretation of data. NM:
Concept of the study, analysis. AD: Interpretation of data, draft editing. NM:
Data collection. MT: Data collection. MJ: Concept of the study, design of the
research, draft editing. All authors have read and approved submitted version
of the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The dataset used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the S. Khechinashvili University Hospital ethics
committee and the Thilisi State Medical University ethics committee. Informed

Page 5 of 6

consent was obtained from every participant. All methods were performed in
accordance with the relevant guidelines and regulations.

Consent for publication
Consent for publication was obtained from every participant of the study.

Competing interests
The authors declare that they have no competing interests.

Author details

Thilisi State Medical University, Vazha Pshavela avenue 33,0177 Thilisi, Geor-
gia. 2School of Natural Sciences and Medicine, llia State University, Kakutsa
Cholokashvili avenue 3/5, 0162 Thilisi, Georgia. >S. Khechinashvili University
Hospital, Chavchavadze avenue 33, 0179 Thilisi, Georgia.

Received: 28 February 2021 Accepted: 17 May 2021
Published online: 09 June 2021

References

1. Peterson LK, Fujinami RS. Inflammation, demyelination, neurodegenera-
tion and neuroprotection in the pathogenesis of multiple sclerosis. J
Neuroimmunol. 2007;184:37-44. https://doi.org/10.1016/jjneuroim.2006.
11.015.

2. Filippi M, Bar-Or A, Piehl F, Preziosa P, Solari A, Vukusic S, et al. Mul-
tiple sclerosis. Nat Rev Dis. 2018;4:49. https://doi.org/10.1038/
s41572-018-0041-4.

3. Amato MP, ZipoliV, Portaccio E. Multiple sclerosis-related cognitive
changes: a review of cross-sectional and longitudinal studies. J Neurol Sci.
2006;245:41-6. https://doi.org/10.1016/}jns.2005.08.019.

4. Benedict RH, Zivadinov R. Risk factors for and management of cognitive
dysfunction in multiple sclerosis. Nat Reviews Neurol. 2011,7:332. https://
doi.org/10.1038/nrneurol.2011.61.

5. Denney DR, Sworowski LA, Lynch SG. Cognitive impairment in three
subtypes of multiple sclerosis. Arch Clin Neuropsychol. 2005,20:967-81.
https://doi.org/10.1016/j.acn.2005.04.012.

6. Brochet B, Ruet A. Cognitive impairment in multiple sclerosis with regards
to disease duration and clinical phenotypes. Front Neurol. 2019;10:261.
https://doi.org/10.3389/fneur.2019.00261.

7. Ruano L, Portaccio E, Goretti B, Niccolai C, Severo M, Patti F, Cilia S, Gallo
P, Grossi P, Ghezzi A, Roscio M, Mattioli F, Stampatori C, Trojano M, Viterbo
RG, Amato MP. Age and disability drive cognitive impairment in multiple
sclerosis across disease subtypes. Mult Scler. 2017;23(9):1258-67.
https.//doi.org/10.1177/1352458516674367 (Epub 2016 Oct 13 PMID:
27738090).

8. PlancheV, Gibelin M, Cregut D, Pereira B, Clavelou P. Cognitive impair-
ment in a population-based study of patients with multiple sclerosis:
differences between late relapsing-remitting, secondary progressive and
primary progressive multiple sclerosis. Eur J Neurol. 2016;23(2):282-9.
https://doi.org/10.1111/ene. 12715 (Epub 2015 Apr 22 PMID: 25903918).

9. Clemens L, Langdon D. How does cognition relate to employment
in multiple sclerosis? A systematic review. Mult Scler Relat Disord.
2018;26:183-91. https://doi.org/10.1016/j.msard.2018.09.018.

10. Langdon DW, Amato MP, Boringa J, Brochet B, Foley F, Fredrikson S, et al.
Recommendations for a brief international cognitive assessment for
multiple sclerosis (BICAMS). Mult Scler. 2012;18:891-8. https://doi.org/10.
1177/1352458511431076.

11. Benedict RH, Amato MP, Boringa J, Brochet B, Foley F, Fredrikson S, et al.
Brief International Cognitive Assessment for MS (BICAMS): international
standards for validation. BMC neurol. 2012;12:55.

12. Smith A. The symbol-digit modalities test: a neuropsychologic test of
learning and other cerebral disorders. In: Helmuth J, editor. Learning
disorders. Seattle: Special Child Publications; 1968. p. 83-91.

13. Smith A. Symbol digits modalities test. Los Angeles: Western Psychologi-
cal Services; 1982.

14. Delis DC, Kramer JH, Kaplan E, Ober BA. California Verbal Learning Test-
Second Edition (CVLT-Il). San Antonio: The Psychological Corporation;
2000.

15. Benedict RH. Brief Visuospatial Memory Test-Revised (BVMT-R). Odessa:
Psychological Assessment Resources; 1997.


https://doi.org/10.1016/j.jneuroim.2006.11.015
https://doi.org/10.1016/j.jneuroim.2006.11.015
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1038/s41572-018-0041-4
https://doi.org/10.1016/j.jns.2005.08.019
https://doi.org/10.1038/nrneurol.2011.61
https://doi.org/10.1038/nrneurol.2011.61
https://doi.org/10.1016/j.acn.2005.04.012
https://doi.org/10.3389/fneur.2019.00261
https://doi.org/10.1177/1352458516674367
https://doi.org/10.1111/ene.12715
https://doi.org/10.1016/j.msard.2018.09.018
https://doi.org/10.1177/1352458511431076
https://doi.org/10.1177/1352458511431076

Botchorishvili et al. BMC Neurol (2021) 21:218

20.

21

22.

23.

24.

Corfield F, Langdon D. A systematic review and meta-analysis of the
Brief Cognitive Assessment for Multiple Sclerosis (BICAMS). Neurol Ther.
2018;7:287-306. https://doi.org/10.6084/m9.figshare.6490256.
International Test Commission. The ITC Guidelines for Translating and
Adapting Tests. 2nd ed. 2017.

Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory for
measuring depression. Arch Gen Psychiatry. 1961,4:561-71. https://doi.
0rg/10.1001/archpsyc.1961.01710120031004.

Johnen A, Burkner PC, Landmeyer NC, Ambrosius B, Calabrese P, Motte J,
et al. Can we predict cognitive decline after initial diagnosis of multiple
sclerosis? Results from the German National early MS cohort (KKNMS). J
Neurol. 2019;266:386-97. https://doi.org/10.1007/500415-018-9142-y.
Patti F, Leone C, D’Amico E. Treatment options of cognitive impairment in

multiple sclerosis. Neurol Sci. 2010;31(Suppl 2):5265-9. https://doi.org/10.

1007/510072-010-0438-7 (PMID: 20953811).

Landmeyer NC, Burkner PC, Wiend| H, Ruck T, Hartung HP, Holling H,
Meuth SG, Johnen A. Disease-modifying treatments and cognition

in relapsing-remitting multiple sclerosis: A meta-analysis. Neurology.
2020;94(22):.e2373-83. https://doi.org/10.1212/WNL.0000000000009522
(Epub 2020 May 19 PMID: 32430312).

Deluca J, Chiaravalloti ND, Sandroff BM. Treatment and management of
cognitive dysfunction in patients with multiple sclerosis. Nat Rev Neurol.
2020;16(6):319-32. https://doi.org/10.1038/541582-020-0355-1 (Epub
2020 May 5 PMID: 32372033).

D'Amico E, Leone C, Hayrettin T, Patti F. Can we define a rehabilitation
strategy for cognitive impairment in progressive multiple sclerosis? A
critical appraisal Mult Scler. 2016;22(5):581-9. https://doi.org/10.1177/
1352458516632066 (Epub 2016 Feb 26 PMID: 26920381).

Nygaard GO, de Rodez Benavent SA, Harbo HF, Laeng B, Sowa P, Daman-
gir S, Bernhard Nilsen K, Etholm L, Tennesen S, Kerty E, Drolsum L, Inge
Landre N, Celius EG. Eye and hand motor interactions with the symbol

Page 6 of 6

digit modalities test in early multiple sclerosis. Mult Scler Relat Disord.
2015;4(6):585-9. https://doi.org/10.1016/j.msard.2015.08.003 (Epub 2015
Aug 15 PMID: 26590666).

25. O'Connell K, Langdon D, Tubridy N, Hutchinson M, McGuigan C. A
Preliminary Validation of the Brief International Cognitive Assessment
for Multiple Sclerosis (BICAMS) Tool in an Irish Population With Multiple
Sclerosis (MS). Mult Scler Relat Disord. 2015;4:521-5. https://doi.org/10.
1016/j.msard.2015.07.012 (Epub 2015 Aug 7).

26. Sandi D, Rudisch T, Fuvesi J, Fricska-Nagy Z, Huszka H, Biernacki T, et al.
The Hungarian validation of the Brief International Cognitive Assessment
for Multiple Sclerosis (BICAMS) battery and the correlation of cogni-
tive impairment with fatigue and quality of life. Mult Scler Relat Disord.
2015;4:499-504. https://doi.org/10.1016/j.msard.2015.07.006.

27. Qzakbas S, Yigit P, Cinar BP, Limoncu H, Kahraman T, Késehasanogullar G.
The Turkish validation of the brief international cognitive assessment for
multiple sclerosis (BICAMS) battery. BMC Neurol. 2017;17:208. https://doi.
0rg/10.1186/512883-017-0993-0.

28. Spedo CT, Frndak SE, Marques VD, Foss MP, Pereira DA, Carvalho LDF, et al.
Cross-cultural adaptation, reliability, and validity of the BICAMS in Brazil.
Clin Neuropsychol. 2015;29:836-46. https://doi.org/10.1080/13854046.
2015.1093173.

29. Sheridan LK, Fitzgerald HE, Adams KM, Nigg JT, Martel MM, Puttler LI, et al.
Normative Symbol Digit Modalities Test performance in a community-
based sample. Arch Clin Neuropsychol. 2006,21:23-8. https://doi.org/10.
1016/j.acn.2005.07.003.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.6084/m9.figshare.6490256
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1007/s00415-018-9142-y
https://doi.org/10.1007/s10072-010-0438-7
https://doi.org/10.1007/s10072-010-0438-7
https://doi.org/10.1212/WNL.0000000000009522
https://doi.org/10.1038/s41582-020-0355-1
https://doi.org/10.1177/1352458516632066
https://doi.org/10.1177/1352458516632066
https://doi.org/10.1016/j.msard.2015.08.003
https://doi.org/10.1016/j.msard.2015.07.012
https://doi.org/10.1016/j.msard.2015.07.012
https://doi.org/10.1016/j.msard.2015.07.006
https://doi.org/10.1186/s12883-017-0993-0
https://doi.org/10.1186/s12883-017-0993-0
https://doi.org/10.1080/13854046.2015.1093173
https://doi.org/10.1080/13854046.2015.1093173
https://doi.org/10.1016/j.acn.2005.07.003
https://doi.org/10.1016/j.acn.2005.07.003

	Validity and reliability of the Georgian-language brief international cognitive assessment for multiple sclerosis (BICAMS)
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Subjects
	Testing
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


