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A B S T R A C T

Background: Cognitive impairment is a common symptom in all stages of multiple sclerosis (MS), yet it is un-
derreported and not routinely evaluated. The Brief International Cognitive Assessment for Multiple Sclerosis
(BICAMS) is a short and easily administered test battery for screening of cognitive impairment in MS that can be
completed within 15 min and incorporated into routine clinical practice. The test battery consists of the oral
version of the Symbols Digit Modalities Test (SDMT) and the initial learning trials of the California Verbal
Learning Test 2nd edition (CVLT-II) and the Brief Visuospatial Memory Test Revised (BVMT-R).
Objective: To investigate if the Norwegian version of the BICAMS could identify cognitive impairment in early
stages of MS and be used as part of routine follow-up procedures.
Methods: A total of 65 relapsing-remitting MS (RRMS) patients and 68 healthy controls were examined with the
BICAMS test battery. A randomly selected subset of 29 controls were retested 1–4 weeks after baseline. All
participants were screened for anxiety and depression using the Hospital Anxiety and Depression Scale (HADS).
Results: There were statistically significant differences between the patients with MS and the healthy controls on
all three subtests, and the differences remained significant for the CVLT-II (p= 0.003) and BVMT-R (p= 0.011)
after adjusting for education. There were no statistically significant correlations between BICAMS scores and
anxiety and depression. SDMT and BVMT-R results in the control group at baseline and re-test were strongly
correlated (r≥ 0.70, p< 0.001), and CVLT-II achieved an adequate value of r= 0.60 (p= 0.001). On the SDMT,
there was a statistically significant improvement between the two test-sessions. Cognitive impairment, defined as
an abnormal test score on ≥1 subtest, was identified in 46.2% of the patient sample, whereas 15.4% were
considered cognitively impaired on ≥2 subtests.
Conclusion: This study supports that the Norwegian version of the BICAMS should be included as a screening
procedure for cognitive impairment in Norwegian MS patients.

1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system, affecting approximately 2.3 million people
worldwide (Thompson et al., 2018). Cognitive impairment is a well-
documented symptom in MS, and affects up to 65% of the patients
(Amato et al., 2006; Bobholz and Rao, 2003; Chiaravalloti and
DeLuca, 2008; Rao et al., 1991). It is present in all subtypes and at all
stages of the disease, and it is known to progress over time (Amato
et al., 2001, 2006; Patti et al., 2009; Rao et al., 1991). Many patients
with MS exhibit signs of cognitive impairment even before the first
physical symptom of the disease manifests (Cortese et al., 2016), which
implies a preclinical disease activity affecting cognition. The high

prevalence rate, along with the evidence of preclinical cognitive
symptoms, highlight the need for a standardized tool for screening of
cognitive function in patients with MS.

Awareness of cognitive symptoms associated with MS has improved
during the recent years. Traditionally, the cognitive assessment of pa-
tients with MS has been performed by trained neuropsychologists in
specialized centers, and involves time-consuming comprehensive test
batteries, such as the Brief Repeatable Battery of Neuropsychological
tests (BRB-N) and the Minimal Assessment of Cognitive Function in
Multiple Sclerosis (MACFIMS) (Benedict et al., 2006; Strober et al.,
2009). Such evaluations have been reserved for patients who already
have an apparent degree of cognitive impairment, and is not routinely
offered to young or employed patients with MS. In order to detect the
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early, subtle changes in cognition, there has been a call for a short,
sensitive and easily administered test battery; one that can be in-
corporated into standard routines when diagnosing and following up
patients with MS. The Brief International Cognitive Assessment for
Multiple Sclerosis (BICAMS) was developed for this purpose
(Langdon et al., 2012).

The BICAMS can be completed in 15 min without requiring any
special equipment or extensive assessor training, and is shown to be
sensitive to cognitive changes associated with MS (Langdon et al.,
2012). Subtests are included based on psychometric qualities (relia-
bility, validity and sensitivity) and international applicability and fea-
sibility. The BICAMS evaluates (1) information processing speed by the
Symbol Digit Modalities Test (SDMT), (2) verbal memory function by
the learning trials of the California Verbal Learning test, 2nd edition
(CVLT-II) and (3) visual memory function by the learning trials of the
revised Brief Visuospatial Memory Test (BVMT-R) (Langdon et al.,
2012). The test battery thereby includes measures of the cognitive
functions that are most commonly affected in MS (Chiaravalloti and
DeLuca, 2008; Langdon, 2011). An international standard for validation
has been developed (Benedict et al., 2012) and the BICAMS has been
translated and validated in several countries (Corfield and
Langdon, 2018; Costers et al., 2017; Dusankova et al., 2012;
Filser et al., 2018; O'Connell et al., 2015; Polychroniadou et al., 2016;
Sandi et al., 2015; Sousa et al., 2018; Walker et al., 2016).

This paper presents results on the Norwegian version of the BICAMS
in a cohort of newly diagnosed MS patients with disease duration of less
than 6 years. From previous studies we expected that the tests would
discriminate well between the patients and the controls and that a
significant proportion of the MS patients would be defined as impaired
on at least one of the tests. The BICAMS tests were used in accordance
with the proposed international validation protocol (Benedict et al.,
2012).

2. Methods

2.1. Study population

2.1.1. Patients
All relapsing-remitting MS (RRMS) patients between 18 and 65

years of age, with first-time diagnosis (Polman et al., 2011) between
January 1st 2014 and September 1st 2017, were screened using hos-
pital records at Haukeland University Hospital, Western Norway. A
total of 158 patients with less than three years of documented disease
activity prior to diagnosis were invited to participate in the study, and
98 (62%) agreed to participate. Following a telephone interview, 33
patients were excluded, leaving 65 RRMS patients for inclusion. Rea-
sons for exclusion were: self-reported MS-related symptoms more than
three years prior to diagnosis (n= 18), primary language not Norwe-
gian (n= 1), neurological or psychiatric comorbidities that could im-
pede cognition (n= 2), affiliation to other health care region (n= 1),
unresponsive to contact (n= 1), withdrawal of consent (n= 2), clini-
cally isolated syndrome or progressive subtype (n= 8).

2.1.2. Controls
We recruited 68 healthy controls from the community through

posters in the Hospital buildings and advertisements on the Norwegian
MS Society web site. The controls were between 18 and 65 years of age
with Norwegian as their primary language. None of the participants
reported present or previous neurological or psychiatric illnesses that
could impede cognition.

2.2. Procedures

The study was approved by the Regional Ethics Committee of
Western Norway (registration number 2016/31/REK Vest), and parti-
cipation was based on written informed consent.

The controls received two cinema tickets and free parking as com-
pensation for their participation, and the patients with MS were com-
pensated for their deductible related to the study examinations.

2.2.1. Questionnaires
To assess whether depression or anxiety influenced cognitive per-

formance, both the patients with MS and the healthy controls were
asked to complete the Hospital Anxiety and Depression Scale (HADS)
(Zigmond and Snaith, 1983) which has been translated into Norwegian
and validated for use in the MS population (Pais-Ribeiro et al., 2018). In
addition, all participants completed a self-report questionnaire listing
their education, employment status and general health status.

2.2.2. Physical examination
All patients with MS were examined with a full neurological eva-

luation, including scoring of the Expanded Disability Status Scale
(EDSS) (Kurtzke, 1983).

2.2.3. Neuropsychological tests: BICAMS
The oral version of the Symbol Digit Modalities Test (SDMT)

(Smith, 1982) is included as a measure of information processing speed.
An A4 sheet of paper with rows of nine abstract symbols arranged
pseudo-randomly is presented to the subject. A cipher key linking each
of these symbols to a single digit is located at the top of the page. After a
short written practice session on the first 10 symbols, the test subject
has to voice the digit corresponding to each symbol as rapidly as pos-
sible for 90 s. The outcome measure is the number of correctly identi-
fied symbols in the 90-second timeframe. No translation is required as
the symbols have no semantic meaning. A previous study has reported
high sensitivity, a good test-retest reliability and only a minor learning
effect on this version of the SDMT (Strober et al., 2009). The same
version of SDMT was therefore presented in the test and re-test session.

The first five learning trials of the official Norwegian translation
(Lundervold, 2004) of the 2nd edition of the California Verbal Learning
Test (CVLT-II) (Delis et al., 1987) are included to obtain a measure of
verbal memory function. The restriction to the learning trials is based
on results from previous studies (Stegen et al., 2010). The examiner
reads aloud a list of 16 words (List A) and the test subject is then asked
to repeat as many words as possible. The list is repeated five times, and
the number of correct words remembered across the five trials is used as
the outcome measure. To reduce the risk of a learning effect, an alter-
nate list of 16 words is included in the re-test session. The use of such an
alternate form is highly recommended during the short-interval re-
peated assessment of memory function in patients with MS
(Benedict, 2005), but studies validating alternate forms of the shor-
tened version of CVLT-II included in the BICAMS are still missing. For
the re-test session in the present study, the 16 words from the inter-
ference list of the standard format of CVLT-II (List B) were selected, as
they were not presented as part of the first test session and is con-
structed similarly to the original list.

The first three learning trials of the BVMT-R (Benedict, 1997) are
included to obtain a measure of visual memory function. The restriction
to the learning trials is based results from previous studies
(Benedict et al., 2006; Costers et al., 2017). A stimulus sheet showing an
array of 2 × 3 abstract designs is presented to the test subject for 10 s.
When the stimulus is then hidden from view, the test subject is asked to
draw from memory the same abstract designs in the same spatial ar-
rangement as presented on the stimulus sheet. This is repeated three
times and the outcome measure is the total score achieved over all three
trials. There is a potential learning effect with repeated testing. The test
stimuli are therefore different at baseline and re-test (Form 1 and Form
2, respectively).

2.3. Statistical analyses

Statistical analyses were performed using SPSS version 24 (IBM
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Corp., Armonk, NY), and figures were made using StataSE version 15
(StataCorp LLC, College Station, Texas). Statistical significance was set
at alpha level < 0.05. Between-group differences were examined with
student's t-test and chi-square for continuous and categorical variables,
respectively. Effect sizes were calculated according to Cohen's d statistic
(0.2=small, 0.5=medium, 0.8=large). The relationship between the
BICAMS scores and anxiety/depression (HADS-scores) was calculated
by running a Pearson's correlational analysis. Correlation analysis was
also used to assess the test-retest reliability of the BICAMS subtests and
paired t tests were calculated to evaluate improvement from baseline to
re-test in the control group. Cut-off values were calculated for each
subtest (≤1.5 standard deviations below the mean of the control
group), and participants were defined as cognitively impaired or cog-
nitively preserved based on the occurrence of abnormal test scores on
one, two and three subtests, respectively. A stepwise linear regression
was performed to assess if BICAMS performance predicted self-reported
employment status. Age, gender, education level, EDSS, disease dura-
tion and HADS-scores were entered as predictors on the first step and
the BICAMS-scores on the second step.

3. Results

3.1. Demographic characteristics

We included 65 patients with RRMS and 68 healthy controls in the
study. Baseline demographic characteristics are outlined in Table 1.
There were no statistically significant differences between the groups
regarding age or gender, but the number of participants with the lowest
level of education was significantly higher in the MS than the control
group, with a corresponding higher number of controls at the two
highest levels. Almost all participants in both groups were employed,
and more than two thirds were employed full time

All participants in the MS group had a relapsing-remitting subtype,
with an EDSS score ranging from 0 to 3 (mean 1.28 ± 0.88), and an
average disease duration (time from first documented clinical symptom
to BICAMS testing) ranging from 0.25 to 5.33 (mean 1.81 ± 1.23)
years.

3.2. Impact of anxiety and depression on BICAMS performance

The scores on the Hospital Anxiety and Depression Scale (HADS)
showed that the patients with MS reported significantly higher levels of
anxiety compared to the controls (Table 2), with a non-significant dif-
ference in level of depression. The combined anxiety and depression
score (HADS-total) was significantly higher in the MS than the control
group (p= 0.041). The level of anxiety and depression did not, how-
ever, correlate significantly to the BICAMS scores in either group
(Table 3).

3.3. Group differences on BICAMS measures

The mean scores on the SDMT, CVLT-II and BVMT-R were all sig-
nificantly lower in the MS group than in the control group (Table 4),
with differences of small to medium effect sizes. When adjusting for
group mismatch in education and anxiety/depression, the scores re-
mained significantly lower in the MS group on the CVLT-II and the
BVMT-R, but not for the SDMT.

3.4. Test-retest data in the control group

We retested the healthy controls 7 to 32 (mean 19.63 ± 7.87) days
after the baseline assessment and the test-retest data are shown in
Table 5 and Fig. 1. Strong correlations between the results at baseline
and retest were found for all subtests; the SDMT and BVMT-R both
achieved excellent r-values of ∼ 0.80 (p< 0.001) whereas the CVLT-II
obtained an r-value of ∼ 0.60 (p= 0.001). There was a statistically
significant improvement on the SDMT between the two sessions (∼ 3.5
points, p= 0.024).

3.5. Cognitive impairment in the MS group

A score ≤1.5 standard deviations below the mean score of the
control group defined the cut-off value for cognitive impairment on
each of the three BICAMS tests. Following the criteria of ≥1 abnormal
test score (Dusankova et al., 2012), 46.2% of the patient sample were
considered cognitively impaired (Table 6). They were most likely to be
impaired on the CVLT-II, with 30.8% of the patients scoring below the
cut-off value. On the BVMT-R and SDMT, 26.2% and 10.8% were
considered cognitively impaired, respectively. When the definition of
cognitive impairment was defined as ≥ 2 abnormal tests, only 15.4% of
the patients with MS were considered cognitively impaired, and a small
subset of 6.2% scored below the cut-off value on all three tests.

3.6. BICAMS and employment

There was no significant difference between the groups in regards to
overall employment status (Table 1). When entered into a stepwise
regression model, only age (F= 5.077, p= 0.028) was retained in the

Table 1
Baseline demographic characteristics in the MS group (MS) and the healthy
control group (HC).

MS (N= 65) HC (N= 68) p-value

Gender male/female, N (% female) 23/42 (64.6) 23/45 (66.2) 0.850
Age (years), mean ± SD 37.02 ± 10.40 38.13 ± 11.40 0.556
Education, N
<14 years 23 11 0.038
14–16 years 24 31
>16 years 18 26
Employed,% 89.2 97.0 0.080
Fulltime,% 70.3 76.6 0.423
Disease duration (years), mean ± SD
Since first symptom 1.81 ± 1.23 – –
Since diagnosis 1.08 ± 0.74 – –
EDSS, mean ± SD 1.28 ± 0.88 – –

SD= Standard deviation. EDSS= Expanded Disability Status Scale.

Table 2
Group differences on measures of anxiety and depression among patients with
MS and healthy controls (HC).

MS HC
Mean ( ± SD) Mean ( ± SD) t p-value

HADS-Anxiety 5.64 ( ± 4.00) 4.29 ( ± 3.16) 2.145 0.034
HADS-Depression 2.95 ( ± 3.23) 2.20 ( ± 2.48 1.494 0.138
HADS-Total 8.59 ( ± 6.49) 6.48 ( ± 5.11) 2.062 0.041

SD= Standard deviation. HADS= Hospital Anxiety and Depression Scale.

Table 3
Correlations between the BICAMS subtests and anxiety/depression.

Test Group HADS-total

Pearson's r p-value

SDMT MS −0.018 0.888
HC −0.034 0.787

CVLT-II MS −0.135 0.288
HC 0.024 0.846

BVMT-R MS −0.080 0.532
HC 0.006 0.962

MS= (patients with) Multiple Sclerosis. HC= Healthy controls. HADS=
Hospital Anxiety and Depression Scale. SDMT= Symbols Digit Modalities Test.
CVLT-II= California Verbal Learning Test, 2nd edition. BVMT-R= Brief
Visuospatial Memory Test, Revised.
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model as a significant predictor (variables entered: age, gender, disease
duration (from onset and from diagnosis), level of education, EDSS,
HADS-scores and raw scores on the BICAMS subtests).

4. Discussion

The present study found that the BICAMS subtests discriminated
well between the MS and the control group, a finding that was retained
for CVLT-II and BMVT-R when accounting for level of education and
anxiety/depression. Almost half of the MS patients were identified with
cognitive impairment on at least one subtest, and results at baseline and
re-test were significantly correlated on all BICAMS tests in the control
group, with a weak improvement on the SDMT.

Most other published BICAMS-studies present data from patient
groups with mean disease duration of ∼10 years (Corfield and
Langdon, 2018). To our knowledge, this is the first BICAMS-study to
investigate newly diagnosed patients with a specific criterion of less
than three years from first clinical symptom to diagnosis. This provides
an insight into the development of cognitive impairment in the earliest
stages of the disease, but may also limit the value of direct comparisons
to other BICAMS-studies.

With cognitive impairment defined as at least one abnormal test
score (Dusankova et al., 2012), the BICAMS battery identified 46.2% of
the current patient sample as cognitively impaired. This is lower than
the prevalence found in Canada (57.9%) (Walker et al., 2016), Ireland
(57%) (O'Connell et al., 2015) and Hungary (52.3%) (Sandi et al.,
2015), which were all in line with the prevalence documented by the
Czech study comparing BICAMS and MACFIMS (55% and 58% re-
spectively) (Dusankova et al., 2012). It was, however, significantly
higher than the prevalence reported from the Portuguese (24.8%)
(Sousa et al., 2018) and German (32.6%) (Filser et al., 2018) studies.
When cognitive impairment was defined as at least two abnormal test
scores, the number of patients with impairment was cut to a third of the
original estimate (15.4%), indicating that the cognitive impairment
should be characterized as mild in most of the affected patients.

Separate analyses of the subtests showed, in contrast to other
BICAMS-publications, that CVLT-II identified impairment in a higher
number of patients (30.8%) than the other subtests (BVMT-R 26.4% and
SDMT 10.8%) (Costers et al., 2017; Filser et al., 2018;
Polychroniadou et al., 2016; Sandi et al., 2015; Sousa et al., 2018;
Walker et al., 2016). The low rate of impaired SDMT scores was sur-
prising especially since low scores on this subtest has been reported to
be a strong indicator of cognitive impairment in patients with MS

(Benedict et al., 2017). The non-significant proportion of patients
identified as impaired by the SDMT in our sample may be explained by
the inclusion of only RRMS patients in an early stage of the disease.

The SDMT showed a statistically significant improvement from
baseline to retest at a group-level, suggesting that at least some of the
participants may have remembered symbol-number associations over
the short time-period between the two test sessions. However, the lack
of significant correlations between test intervals and SDMT score
change in the present study did not support this (data not shown). In
any case, such a learning effect will probably be milder with the longer
time-frame planned for the re-test of MS patients (≥ 12 months). For
the CVLT-II and BVMT-R we found non-significant differences between
performances at the two time points and significant correlations be-
tween performances a baseline and re-test. Although results for the
alternate word lists in CVLT-II fell short of the requested goal from the
validation standards of r≥ 0.70 (Benedict et al., 2012), we conclude
that our results support the use of all three tests as part of follow-up
procedures in Norwegian MS patients. However, the validity of the re-
test list for the CVLT-II included in the present study should be further
investigated.

Despite the relatively high prevalence of cognitive impairment in
this sample, there was a low degree of unemployment (10.8%) and only
age was found to be a statistically significant predictor of employment
status at this early stage of the disease. This indicates that most patients
continue to work in spite of mild signs of cognitive impairment. With
early identification of cognitive impairment we may optimize treat-
ment, implement coping strategies and work place customization, as
well as cognitive rehabilitation (Goverover et al., 2018;
Hamalainen and Rosti-Otajarvi, 2016), and therefore hopefully post-
pone or prevent early retirement due to MS. Exactly how to define a
“positive” screening result on the BICAMS in clinical practice, however,
remains unclear. Using the one-or-more criterion as a threshold for
referral to further evaluation may overload the local neuropsycholo-
gical services and classify normal variation as pathology. Restriction to
the two-or-more criterion may, on the other hand, overlook patients in
real need of help, with the risk of giving treatment options too late to be
effective. Further investigation into the optimal scoring and follow-up
of a positive screening result on the BICAMS is therefore required.

5. Conclusions

Used in accordance with the proposed international validation
protocol (Benedict et al., 2012), the Norwegian version of the BICAMS

Table 4
Group differences on BICAMS measures, independent samples t-test.

Test MS (mean ± SD) HC (mean ± SD) Mean ∆ t p-value Adjusted p-value* Cohen's d

SDMT 54.65 ± 10.79 58.52 ± 10.53 3.87 −2.09 0.039 0.201 0.37
CVLT-II 54.55 ± 10.86 60.32 ± 7.75 5.77 −3.51 0.001 0.008 0.62
BVMT-R 26.55 ± 5.76 29.03 ± 4.01 2.48 −2.89 0.005 0.027 0.51

HC= Healthy controls. ∆= difference. SD= Standard deviation. SDMT= Symbols Digit Modalities Test. CVLT-II= California Verbal Learning Test, 2nd edition.
BVMT-R= Brief Visuospatial Memory Test, Revised.

⁎ Adjusted for level of education and anxiety/depression.

Table 5
Test-retest means and correlations for control group.

Paired samples t-test Pearson's correlation
Test Retest
Mean ± SD Mean ± SD Mean ∆ t p-value Pearson's r p-value

SDMT 60.21 ± 12.13 63.69 ± 12.90 −3.48 −2.378 0.024 0.803 < 0.001
CVLT-II 59.24 ± 7.44 61.07 ± 6.68 −1.83 −1.532 0.137 0.590 0.001
BVMT-R 28.86 ± 4.23 29.07 ± 4.68 −0.21 −0.375 0.710 0.783 < 0.001

SD =Standard deviation. SDMT=Symbols Digit Modalities Test. CVLT-II=California Verbal Learning Test, 2nd edition. BVMT-R=Brief Visuospatial Memory Test,
Revised.
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was found to discriminate well between MS patients and controls and
identify individuals with suspect cognitive impairment in an early stage
of the disease. We therefore recommend implementation of the BICAMS
into clinical practice and routine evaluation of Norwegian MS patients.
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