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Introduction

The Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) is a short battery of neuropsychological (NP) tests that have been proposed as a short assessment of cognitive impairment (CI) in individuals with multiple sclerosis (MS). [START_REF] Langdon | Recommendations for a Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS)[END_REF] CI has been shown to occur frequently in persons with MS (PwMs), even at the early stages, and it can negatively impact many patients. [START_REF] Deloire | Early cognitive impairment in multiple sclerosis predicts disability outcome several years later[END_REF][START_REF] Morrow | Predicting loss of employment over three years in multiple sclerosis: clinically meaningful cognitive decline[END_REF] CI assessment in clinical practice can be difficult due to limited number of trained staff members who are able to perform a full cognitive evaluation. The BICAMS includes 3 NP tests that were selected after a large literature review was conducted on the psychometric qualities of NP tests in PwMS. The selected tests can be easily performed in different countries, are easy to administer, have good acceptability by patients and are sufficiently short so that they can be administered in approximately 15 min. [START_REF] Langdon | Recommendations for a Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS)[END_REF] These tests include the Symbol Digit Modalities Test (SDMT) [START_REF] Smith | Symbol digit modalities test: Manual (revised)[END_REF] , which measures mainly information processing speed (IPS), the learning trials of the California Verbal Learning Test-II (CVLT-II) [START_REF] Delis | California Verbal Learning Test, second edition (CVLT-II)[END_REF] , and the Brief Visuo-Spatial Memory Test (BVMT-R) [START_REF] Benedict | The Brief Visuospatial Memory Test Revised (BVMT-R)[END_REF] for learning and memory. The BICAMS has been validated in many languages, but no validation study has been performed in native French-speaking individuals.

The purpose of the study was to validate the BICAMS in France by establishing regressionbased norms in a sample of healthy subjects (HS) and assessing its validity in PwMS.

Subjects and methods

This study was approved by the institutional review board for human subject research of Bordeaux (CPP SOOM N° 2014/95) and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

This study was part of the BICAFMS study (ClinicalTrials.gov NCT02391064).

Subjects

All participants were required to have signed the written consent form and be affiliated with the French Social Security. They were required to be native French speakers, and individuals aged less than 18 or more than 64 were not included.

Control population

Normative data were established in a sample of HS recruited from one centre by advertising, and the HS were paid for participating in the study. The exclusion criteria were a history of a neurological disease or psychiatric illness, on-going psychotropic drug use, a severe chronic disease, abuse of alcohol or drugs, pregnancy, a cognitive complaint or having previously participated in a cognitive study in the last year.

Patients

PwMS were recruited from 15 expert MS centres in France between February 2015 and June 2017. Only individuals who fulfilled the MS diagnostic criteria were included. [START_REF] Thompson | Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria[END_REF] The exclusion criteria were similar to those of HS. In addition, PwMS who started, changed the dosage or stopped using psychotropic drugs in the previous two months; started, changed the dosage or stopped disease-modifying therapy (DMT) in the previous month; or received steroids in the previous month were excluded. Individuals with neurological motor, visual or sensory impairment precluding their ability to complete the cognitive tests were excluded. Patients who had an MS phenotype for relapsing-remitting, primary progressive or secondary progressive MS (RRMS, SPMS, PPMS, respectively) were included. 8

Methods

Neuropsychological assessment

PwMS and HS were evaluated by qualified senior neuropsychologists using the BICAMS tests.

The tests have been described in detail previously. [START_REF] Langdon | Recommendations for a Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS)[END_REF] Briefly, the SDMT is a non-verbal substitution task composed of nine symbols paired with nine digits (1-9). A unique key showing the association of the symbols with the digits is provided at the top of the test page.

Below the key, there are several rows filled with symbols arranged in a random order. The participants are required to call out the corresponding digit. The score is the number of correct answers obtained in 90 seconds.

The CVLT is composed of a list of 16 words from 4 semantic categories. The examiner reads aloud the list of words at a steady pace. At the end of the reading, the patient is asked to recall aloud as many words as possible. There are 5 trials in total, and the score is composed of the total number of words recorded across the 5 trials. For the CVLT, an edited French version is available. [START_REF] Poitrenaud | CVLT -Test d'apprentissage et de mémoire verbale (adaptation française) Paris, France[END_REF] No alternate form was provided. The Reims group recently created an alternate form of the French version following the same methodology (French verbal learning test, FVLT). This version (courtesy of Dr Ehrlé) was pretested in a group of 20 HS. This form (FVLT) was used at the baseline visit and the CVLT edited form was used at the follow-up visit.

For the BVMT-R, 6 abstract drawings are presented for 10 seconds on a page. Patients are asked to draw as many symbols as possible in the given order on a blank page. Three trials are performed, and the total score is a summation of the scores from all 3 trials.

Neurological evaluation

Neurological disability was measured using the Expanded Disability Status Scale (EDSS). 10

Patient-reported Outcomes (PRO)

All subjects completed PRO questionnaires concerning depressive symptoms (Beck Depression Inventory-Fast Screen, BDI-FS), [START_REF] Beck | BDI-Fast Screen for medical patients: manual[END_REF] which has been validated in MS patients, [START_REF] Benedict | Validity of the Beck Depression Inventory-Fast Screen in multiple sclerosis[END_REF] anxiety (State-Trait Anxiety Inventory, STAI), [START_REF] Spielberger | Manual for the State-Trait Anxiety Inventory[END_REF] mood (Echelle D'humeur Dépressive, EHD-PRO) [START_REF] Radat | Validation of EHD self questionnaire in multiple sclerosis[END_REF] and subjective fatigue (French version of the Fatigue Impact Scale, EMIF-SEP). [START_REF] Debouverie | Validity of a French version of the fatigue impact scale in multiple sclerosis[END_REF] 

Statistical analyses

All statistical analyses were carried out in SPSS version 23. Between-group differences were examined with Student's t-test and χ2 test for continuous and categorical variables, respectively. Effect size was calculated with Cohen's d statistic. The results were considered significant at an α-level of <0.05.

Regression-based norms were created following the procedures published by Parmenter and colleagues [START_REF] Parmenter | The utility of regression-based norms in interpreting the minimal assessment of cognitive function in multiple sclerosis (MACFIMS)[END_REF] , but the adjustment described by Berrigan and colleagues [START_REF] Berrigan | Reliability of regression-based normative data for the oral symbol digit modalities test: an evaluation of demographic influences, construct validity, and impairment classification rates in multiple sclerosis samples[END_REF] for centring the age variable (age minus the mean age) was also used to prevent multicollinearity and for the ease of interpretation. First, the raw scores of the HS were converted to a scaled score metric (mean 10, SD 3) based on the cumulative frequency distribution of each measure presented in Table 1. This served to normalize all of the test score distributions. We adopted the data analysis and presentation approach of Wechsler Intelligence Scale for Children-revised. [START_REF] Ivnik | Mayo's Older Americans Normative Studies: WAIS-R norms for ages 56 to 97[END_REF] Each raw score was first converted to a percentile rank based upon the actual cumulative percent distribution. Then each percentile rank was converted to a scaled score. The percentile range encompassed by each scaled score was set so that the resultant distribution of scaled scores was as normal as possible. Next, the resulting scaled scores were regressed on 4 demographic variables: centred age (agec = age -agemean (43.83)), agec [START_REF] Deloire | Early cognitive impairment in multiple sclerosis predicts disability outcome several years later[END_REF] , sex (female vs. male) and educational attainment. The factor agec 2 was added to account for possible nonlinear effects of age on test performance.

The participants' educational level was categorized into 4 groups. The low educational level (LEL) group included individuals who did not complete secondary education, which usually requires 12 years of schooling. The high educational level (HEL) group included individuals who completed secondary education or graduated with a "baccalauréat" level (equivalent to A levels) or higher. Three groups of subjects with high education levels were defined: subjects who graduated with a "baccalauréat" degree, subjects with two or more years but fewer than five years of secondary education and subjects with five or more years of secondary education (HEL-BAC; HEL-BAC+2-4; HEL-BAC+5).

To obtain demographically adjusted Z-scores for the MS patients, we first converted each participant's raw score to a scaled score based on the raw-to-scaled score conversions derived from the HS. Next, the predicted scores were calculated using the multiple regression equation that is based on the β weights for all 4 demographic variables and their predictive constants:

Scaled score predicted = constant + βagec (agec) + βagec 2 (agec 2 ) + βsex (sex) + βeducation (education)
Then, the predicted scaled scores were subtracted from each participant's actual obtained scaled score, and the difference was divided by the root mean squared error (RMSE) of the

HS:

Z-score = (scaled score predicted -scaled score actual)/RMSE.

The test results indicated impairment when the z-score was ≤ -1.5.

None of the assumptions of regression analyses were violated (there were no influential cases, the residuals were normally distributed, and there was homoscedasticity).

For the BDI-FS, which was not normally distributed in the MS sample, the following cut-off scores, which are consistent with those in the test manual, were used: normal = BDI-FS < 3; borderline = BDI-FS 3-8; and depressed = BDI-FS > 8.

Results

Clinical and demographic characteristics of the participants

The clinical characteristics of the 276 HS and 123 PwMS participating in the study are presented in Table 2. Among the enrolled PwMS, 40 had RRMS, 41 had SPMS and 42 had PPMS.

BICAMS Impairment Rates Using Regression-Based Norms

Table 1 shows the scale conversion, and Table 3 shows the regression model for SDMT, FVLT and BVMT-R that was used to derive demographically adjusted Z-scores for the MS patients, including agec (age -43,84), agec 2 , sex and education, which were included as predictor variables.

The predicted scaled score was calculated using the coefficients from Table 3 and the following formula: constant + βagec (agec) + βagec2 (agec2) + βsex (sex) + βeducation (education). For example, the predicted SDMT score of a 42-year-old female (male: sex = 1; female: sex = 2) MS patient with a "baccalauréat" degree (1) is as follows:

8.907 -0.091 x 42 -0.002 x 422 + 0.648 x 2 + 0.363 x 1 = 10.727

We can then convert the patient's actual score on the SDMT (for example 59) to a scaled score (10) using Table 1. A z-score can be calculated by dividing the difference between the predicted scaled score and the actual scaled score by the standard error of the residual (RSE) of the regression model (Table 3).

In our example, z-score = (10 -10.727) / 2.559 = -0.28

The regression analyses revealed that agec was the only significant predictor (p <0.001) of SDMT and BVMT-R performance in the HS. Agec, sex and education were significant predictors of FVLT performance (p < 0.001).

Validity

The proportion of MS patients impaired for each test applying these norms is summarized in Table 4. A significant difference was observed between groups on the 3 tests.

The clinical and cognitive characteristics of the BICAMS-Preserved and BICAMS-Impaired patient groups were compared (Table 5). The proportion of PwMS with at least one abnormal BICAMS score was 50.4%. The test that most frequently numerically higher indicated impairment was the FVLT, followed by the SDMT and the BVMTR. There was no difference between patients with or without CI in terms of age, educational level, disease duration, median EDSS or the proportion of employed PwMS (Table 5). The two groups differed in the proportion of PwMS in a progressive stage, which was higher in the CI group (55.4% vs 37.5%) than in the non-CI group, and in the proportion of females, which was lower in the CI group than in the non-CI group (54.8% vs 72.1%) (p<0.05 for both comparisons). The number of HS with one impaired test was 19.6%, with 2 impaired tests was 6.5%, and none of HS had 3 impaired tests.

Test-retest reliability

The Pearson's correlation coefficient between the first and the second tests administered one month apart in 147 HS and in 116 PwMS was numerically higher for the SDMT than for the other tests. The test-retest reliability was 0.891 for the SDMT, 0.795 for the FVLT/CVLT and 0.657 for the BVMT-R in PwMS and 0.846, 0.670 and 0.518 in HS, respectively (p<0.001 for all tests).

Effect of confounding factors

Nine out of the 123 PwMS were classified as depressed according to the Fast-BDI, and 60 had borderline scores. The cognitive Z-scores were not different in PwMS according to their level of depressive symptoms (normal versus borderline or depressed patients) with comparison using ANOVA (for SDMT p=0.16, for FVLT p=0.22 and for BVMT-R p= 0.71). The level of fatigue (EMIF-SEP), the level of anxiety (STAI A and B) and the mood (EHD-PRO) were not significantly associated with any of the three outcome measures in our study for PwMS (Pearson correlation) (e-Table1)

Discussion

The main objective of this study was to evaluate cognitive assessment tools using the BICAMS in a French-speaking sample of MS patients and HS and establish the validity of the BICAMS by showing that it discriminates between MS patients and HS. The second objective was to study its test-retest reliability. Finally, the effect of confounding factors, such as depression, anxiety and fatigue, was studied.

This study enrolled a large sample of HS in order to establish regression-based norms, and a sample of MS patients were recruited from multiple centres.

Using these norms, the BICAMS battery was able to identify CI (at least one abnormal test result) in 50.4% of the MS patients. This proportion is consistent with those that have been reported in other validation studies of the BICAMS in different countries and languages [START_REF] Walker | Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS): Canadian contribution to the international validation project[END_REF][START_REF] Polychroniadou | Validation of the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) in Greek population with multiple sclerosis[END_REF][START_REF] O'connell | A preliminary validation of the brief international cognitive assessment for multiple sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS)[END_REF] and is consistent with the proportion of CI diagnoses in MS patients reported in the literature. [START_REF] Brochet | Cognitive Impairment in Multiple Sclerosis With Regards to Disease Duration and Clinical Phenotypes[END_REF] The BICAMS assesses the two main cognitive dimensions affected by MS, IPS and episodic memory. The inclusion of these two dimensions is probably the reason that the proportion of CI diagnoses is comparable to those in studies performed with larger batteries, such as the MACFIMS. [START_REF] Argento | The Italian validation of the minimal assessment of cognitive function in multiple sclerosis (MACFIMS) and the application of the Cognitive Impairment Index scoring procedure in MS patients[END_REF] Among the 3 phenotypes, CI was more frequent in the progressive forms , as is usually the case. [START_REF] Brochet | Cognitive Impairment in Multiple Sclerosis With Regards to Disease Duration and Clinical Phenotypes[END_REF] The validity of the tests was confirmed by the significant differences in the regression-based scores observed for the 3 tests between the PwMS and HS and by the higher proportion of PwMS compared to HS who were diagnosed as having an impairment by each test.

The effect size was higher for the SDMT than for the other tests, suggesting that the impairment for IPS was more severe than memory impairment. However, the proportion of MS patients who failed each test was higher for the FVLT, a test of verbal memory, than for the other tests. The proportion of patients who were considered to have an impairment was the lowest with the BVMT-R (25.2%), whereas in the Canadian BICAMS validation study, it was test with which the highest proportion of patients were considered to have an impairment. [START_REF] Walker | Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS): Canadian contribution to the international validation project[END_REF] However, the samples of these two studies had different characteristics. In the Canadian study, 77.2% of the patients were RRMS patients, and 32.5% of the patients in the present study were RRMS patients. The relatively high false positive rate (HS with impaired performance from 7 to 13.4%) could be a limitation, but similar rates have been observed previously in the Irish BICAMS validation study. [START_REF] O'connell | A preliminary validation of the brief international cognitive assessment for multiple sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS)[END_REF] The test-retest reliability was high for the SDMT (>0.8) and fair for the other two tests (approximately 0.7 in MS patients). This result is consistent with those in other studies on the BICAMS. [START_REF] Walker | Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS): Canadian contribution to the international validation project[END_REF][START_REF] O'connell | A preliminary validation of the brief international cognitive assessment for multiple sclerosis (BICAMS) tool in an Irish population with multiple sclerosis (MS)[END_REF][START_REF] Filser | The Brief International Cognitive Assessment in Multiple Sclerosis (BICAMS): results from the German validation study[END_REF][START_REF] Sousa | Validation of the brief international cognitive assessment for multiple sclerosis (BICAMS) in the Portuguese population with multiple sclerosis[END_REF] The use of alternate forms for the memory tests may explain the low reliability observed for these tests.

In the HS, age was correlated with the 3 scores and, additionally, sex and education correlated with the FVLT, which was expected. In MS patients, however, impaired patients differed from non-impaired patients only in sex and disease subtype, where the impaired patients were more commonly males and had a progressive form of MS. Progressive phenotypes and the male sex are known to be prognostic factors for more severe forms of MS. [START_REF] Cree | Long-term evolution of multiple sclerosis disability in the treatment era[END_REF] The results of the tests were not affected by the confounding factors; the self-report questionnaires assessed mood, depressive symptoms, anxiety and fatigue, but the scores for these scales were significantly different between MS patients and HS. Although it is important to take into account these factors at the individual level when assessing the cognitive status of a patient, it is reassuring that at the group level, they did not impact the scores of the BICAMS tests, confirming that they have good specificity for cognitive functioning.

In conclusion, this study provides evidence of the validity of the BICAMS as a short and easily applied battery for a short assessment of IPS and memory in PwMS. 

Table 1 :

 1 Raw score to scaled score conversions

			Raw score		
				BVMT-	Percentile
	Scaled Score	SDMT	FVLT		
				R	
	2	<35	<35	<9	<1
	3	35-36	35-37	9-10	1
	4	37-38	37-40	11-12	2
	5	39-44	41-43	13-16	3-5
	6	45-48	44-45	17-19	6-10
	7	49-50	46-48	20-21	11-18
	8	51-53	49-52	22-23	19-28
	9	54-56	53-55	24-26	29-40
	10	57-60	56-61	27-28	41-59
	11	61-63	62-63	29-30	60-71
	12	64-65	64-65	31	72-81
	13	66-68	66-68	32-33	82-89
	14	69-71	69-70	34	90-94
	15	72-73	71	35	95-97
	16	74-75	72		98
	17	76-77	73	36	99
	18	>77	>73	>36	>99
	SDMT= Symbol Digit Modalities Test; FVLT = French Verbal Learning Test; BVMT-R =
	Brief Visuo-Spatial Memory Test-revised.			

Table 2 :

 2 Clinical and demographic characteristics of patients with MS (n= 123) and HS (n=

	276)			
		Patients (n=123)	HS (n=276)	
	Mean age (SD)	49.69(9.41)	43.84 (12.42)	p<0.001
	Sex			ns
	Male (%)	45 (36.6%)	118 (42.7%)	
	Female (%)	78 (63.4%)	158 (57.3%)	
	Education			p=0.01
	Low education level (%)	57 (46.3%)	114 (41.3%)	
	Bachelor's degree (%)	22 (17.9%)	22 (8.0%)	
	2 to 4 years of secondary	37 (30.1%)	105 (38.0%)	
	education (%)			
	> 4 years of secondary	7 (5.7%)	35 (12.7%)	
	education (%)			
	Mean disease duration in	14.67 (9.09)		
	years (SD)			
	Median EDSS	4.0 [0-8]		
	Disease subtype (%)			
	Relapsing Remitting	40 (32.5%)		
	Secondary progressive	41 (33.3%)		
	Primary Progressive	42 (34.1%)		
	FAST-BDI	3.52 (3.06)	1.47 (2.1)	p<0.001
	EHD-PRO	19.70 (5.43)	16.03 (3.92)	p<0.001

HS= healthy subjects, SD= standard deviation; ns: not significant; EDSS = Expanded Disability Status Scale; FAST-BDI= Beck Depression Index-Fast Screen; STAI: State-Trait Anxiety Inventory (A= trait; B = state); EMIF-SEP = French adaptation of the Fatigue Impact Scale; SDMT = Symbol Digit Modalities Test; FVLT = French Verbal Learning Test; BVMT-R = Brief Visuo-Spatial Memory Test-revised.

Table 3 :

 3 Final regression models for BICAMS measures

	Measure	Predictor	B	Standard	Standardized B	T	p	Total R	RMSE
				error B				square	
	SDMT	(constant)	8.907	0.603		14.761	<0.001		
		Agec	-0.091	0.013	-0.397	-7.169	<0.001		
		Agec2	-0.002	0.001	-0.097	-1.746	0.082		
		Sex	0.648	0.317	0.113	2.049	0.041		

Table 4 :

 4 Comparison between patients and HS participants on each metric using the individual z-scores derived from the regression-based model.

		Patients (n=123)	Control (n=276)	p value** Cohen's
							d
		Z score	Impaired	Z score	Impaired		
	SDMT	-0.77 (1.20)	28.5%	0.01 (1.00)	6.9%	p<0.001	0.73
	FVLT	-1.10 (1.40)	36.6%	-0.33 (1.05)	13.4%	p<0.001	0.66
	BVMT-R	-0.65 (1.17)	25.2%	-0.22 (1.02)	12.3%	P<0.001	0.40

SDMT= Symbol Digit Modalities Test; FVLT = French Verbal Learning Test; BVMT-R = Brief Visuo-Spatial Memory Test-revised; Impairment is defined by a z-score ≤ -1.5; **significant difference between z-scores.

Table 5 :

 5 Characteristics of the PwMS with cognitive impairment according to the BICAMS (≥ SDMT= Symbol Digit Modalities Test; FVLT = French Verbal Learning Test; BVMT-R = Brief Visuo-Spatial Memory Test-revised. Impairment is defined by a z-score ≤ -1.5; SD = standard deviation; LEL = low education level; HEL = high education level; HEL-BAC: bachelor's degree; HEL-BAC+2-4 = 2 to 4 years of secondary education; HEL-BAC +5: more than 4 years of secondary education; EDSS = Expanded Disability Status scale; RR =relapsing remitting; SP = secondary progressive; PP = primary progressive.

	1 indicates impairment)			
		Impaired= 62 (50.4%) Not impaired= 61	p-value
			(49.6%)	
	Impaired SDMT (%)	35 (56.5%)		
	Impaired FVLT (%)	45 (72.6%)		
	Impaired BVMT-R (%)	31 (50%)		
	1 test impaired (%)	26 (41.9%)		
	2 test impaired (%)	23 (37.1%)		
	3 test impaired (%)	13 (21%)		
	Mean age (SD)	50.19 (9.34)	49.18 (9.53)	ns
	Sex Male/ Female	28/34 (54.8% F)	17/44 (72.1% F)	p<0.05
	Education			ns
	LEL (%)	30 (48.4%)	27 (44.3%)	
	HEL-BAC (%)	11 (17.7%)	11 (18.0%)	
	HEL-BAC +2-4 (%)	20 (32.3%)	17 (27.9%)	
	HEL-BAC +5 (%)	1 (1.6%)	6 (9.8%)	
	Disease subtype (% total)			p<0.05
	RR	15 (37.5%)	25 (62.5%)	
	Progressive Form (SP and PP) 47 (55.4%)	36 (44.6%)	
	Median EDSS	4.00 [0-6.5]	3.50 [0-8]	ns
	Mean disease duration (SD)	15.95 (9.86)	13.36 (8.12)	ns
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