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Introduction

Cognitive impairment is frequent in multiple sclerosis (MS), affecting approximately 40 to 70% of patients [START_REF] Rao | Cognitive dysfunction in multiple sclerosis. Frequency, patterns, and prediction[END_REF][START_REF] Chiaravalloti | Cognitive impairment in MS[END_REF]. This deficit concerns all stages and forms of the disease including clinically isolated syndrome (CIS), relapsing-remitting multiple sclerosis (RRMS), primary progressive multiple sclerosis (PPMS) and secondary progressive multiple sclerosis (SPMS), although it tends to be more frequent and severe in the progressive phase [START_REF] Potagas | Cognitive impairment in different MS subtypes and clinically isolated syndromes[END_REF]. In some cases, cognitive deficits can be the inaugural and predominant manifestation of the disease [START_REF] Assouad | Clinical characterization of MS patients with a pure and severe cognitive onset[END_REF]. Cognitive dysfunction in MS consists of domain-specific deficits rather than global cognitive decline. In particular, mostly affected cognitive functions are attention, processing speed, memory and executive functions [START_REF] Chiaravalloti | Cognitive impairment in MS[END_REF][START_REF] Langdon | Cognition in multiple sclerosis[END_REF][START_REF] Amato | Cognitive impairment in early stages of multiple sclerosis[END_REF].

No effective pharmacological treatment for cognitive dysfunctions has been established to date; symptomatic therapies such as modafinil and donepezil are ineffective [START_REF] Deluca | Neuropsychological, medical and rehabilitative management of persons with multiple sclerosis[END_REF][START_REF] Amato | Treatment of cognitive impairment in multiple sclerosis : position paper[END_REF]. In the past years, cognitive rehabilitation has been increasingly proposed for MS patients.

Cognitive rehabilitation aims to reduce cognitive deficits, and to improve patients' awareness and ability to take their cognitive impairment into account in their daily living.

The effect of cognitive rehabilitation in MS has been recently evaluated but well-designed studies are still sparse and, recent reviews [START_REF] Mitolo | Cognitive rehabilitation in multiple sclerosis : A systematic review[END_REF][START_REF] Rosti-Otajärvi | Neuropsychological rehabilitation for multiple sclerosis[END_REF] showed heterogeneous results with a low quality of evidence for most of the outcomes.

In a complementary perspective, adjustment to cognitive dysfunctions can be reached by psychoeducational interventions, combining patients' education about disease, counseling and supportive information [START_REF] Aubry | La psycho-éducation dans les troubles affectifs[END_REF]. Pöttgen et al. [START_REF] Pöttgen | Managing Neuropsychological Impairment in Multiple Sclerosis: Pilot Study on a Standardized Metacognitive Intervention[END_REF] developed a metacognitive training program for MS patients: the MaTIMS (Metacognitive Training in MS) consisting of six presentation modules focused on memory, attention, depression, fatigue, stress and social cognition. In this pilot study, results showed an improvement on fatigue, feeling of selfefficacy and quality of life. Some studies showed that MS patients with moderate neuropsychological deficits have a strong cognitive complaint that does not reflect their objective performances [START_REF] Demers | Impact of the cognitive status on the memory complaints in MS patients[END_REF][START_REF] Rosti-Otajärvi | Relationship between subjective and objective cognitive performance in multiple sclerosis[END_REF]. In that perspective, we developed an adaptive program to cognitive and emotional dysfunctions in MS patients with cognitive deficits (ADACOG program) and hypothesized that patients' participation in the ADACOG program will modify their perception of their difficulties. The aim of this exploratory study was to evaluate the ADACOG program's effect on patients' subjective self-reported neuropsychological impairments, quality of life, anxiety, depression and self-esteem.

Material and Methods

Patients

MS patients from the XXX Neurology Department outpatient clinic were prospectively and consecutively enrolled in the study between February 2013 and September

2015.

Inclusion criteria were clinically definite MS (McDonald criteria), being able to complete a questionnaire and having moderate cognitive deficits defined as follows: subjective selfreported cognitive impairments with a score above or equal to 23 in the Multiple Sclerosis Neuropsychological Screening Questionnaire (MSNQ) [START_REF] Benedict | Screening for multiple sclerosis cognitive impairment using a self-administered 15-item questionnaire[END_REF][START_REF] Benedict | Reliable screening for neuropsychological impairment in multiple sclerosis[END_REF] and objective cognitive dysfunctions in a neuropsychological evaluation. This cognitive evaluation included SRT 10-36 [START_REF] Dujardin | La BCcogSEP : une batterie courte d'évaluation des fonctions cognitives destinée aux patients souffrant de sclérose en plaques[END_REF] and Free and Cued Selective Reminding Test [START_REF] Van Der Linden | L'évaluation des troubles de la mémoire : présentation de quatre tests de mémoire épisodique avec leur étalonnage[END_REF] to assess memory; PASAT [START_REF] Naegele | Test d'attention soutenue : PASAT modifié. Adaptation française[END_REF] and the subtest 'Digit Span' of the WAIS-III [START_REF] Wechler | WAIS-III Echelle d'intelligence de Wechsler pour adultes[END_REF] for working memory; CSCT [START_REF] Ruet | A new computerized cognitive test for the detection of information processing speed impairment in multiple sclerosis[END_REF] to evaluate processing speed; Connor's Continuous Performance Test (CPT-II) [START_REF] Connors | Conners's Continous Performance Test II (CPT-II V.5)[END_REF] for attention; Modified Card Sorting Test (MCST) [START_REF] Milner | Effects of different brain lesions on card sorting : the role of the frontal lobes[END_REF], Trail Making Test (TMT) [START_REF] Reitan | The Trail making Test[END_REF], phonological and semantic fluency [START_REF] Cardebat | Formal and semantic lexical evocation in normal subjects. Performance and dynamics of production as a function of sex, age and educational level[END_REF] and Stroop Test [START_REF] Stroop | Studies of interferences in serial verbal reactions[END_REF] to assess executive functioning.

Moderate cognitive deficit was defined by scores lower than -1.5 standard deviation (SD) of normative values in at least four tests over the ten proposed in at least two of the five evaluated cognitive domains (memory, working memory, speed processing, attention, executive functioning).

Exclusion criteria were patients without subjective self-reported neuropsychological impairments and/or objective cognitive deficits; patients unable to read, write or understand the instructions.

All patients provided written informed consent, and the study protocol was approved by the ethics committee of the Hospital.

ADACOG Program

The aim of the program is to provide general knowledge and adaptive strategies on cognitive and emotional dysfunctions in MS so that patients can develop coping strategies and adjust their behavior to their difficulties in daily living. The ADACOG program consists of three modules based on Microsoft Power-Point (Microsoft Inc, Redmond, WA). Each module lasts about two hours every two weeks. To enhance interaction and learning from peers, the ADACOG program, conducted by a neuropsychologist, is performed in small groups of six to eight patients. The modules focus on the most frequent affected cognitive dysfunctions in MS (attention, executive functioning, memory, speed processing) (Module 1), on emotional symptoms (depression, anxiety, stress, emotional lability) (Module 2), and on cognitive rehabilitation and coping strategies (Module 3).

Study design

The recruitment was performed during a clinical neuropsychological examination.

Patients meeting the inclusion and exclusion criteria were proposed to participate to the study. This prospective study involved patient participation for a period of seven months, with a follow-up at the end of the program and six months after completing the program.

The first twenty-four referred patients were included in the ADACOG group. The next twenty-one referred patients were included in the control group (waiting list for the ADACOG program) and could benefit from the program at the end of the study. Both groups of patients completed questionnaires at inclusion (M0), one month later (M1) and seven months (M7) after the inclusion visit. The baseline visit (M0) was scheduled four to eight weeks after the cognitive evaluation, to minimize the impact of this examination on outcomes (subjective self-reported impairments, quality of life, anxiety, depression, selfesteem).

Flowchart illustrating patients' participation is presented in figure 1. 

Assessment methods

We proposed the Multiple Sclerosis Neuropsychological Screening Questionnaire (MSNQ) [START_REF] Benedict | Screening for multiple sclerosis cognitive impairment using a self-administered 15-item questionnaire[END_REF] to evaluate patient's subjective self-reported cognitive impairments. MSNQ is a selfadministered questionnaire developed to identify MS patients presenting cognitive deficits.

MSNQ is constituted of 15 questions scored from 0 to 4. A high score indicates strong perceived cognitive deficits in daily living.

In order to evaluate quality of life, the MSIS-29 (Multiple Sclerosis Impact Scale) [START_REF] Mc Guigan | The multiple sclerosis impact scale (MSIS-29) is a reliable and sensitive measure[END_REF] was used. This scale specifically developed for MS patients is constituted of 29 questions scored from 1 to 5. A high score indicates a poor quality of life.

Depression and anxiety were evaluated by the Hospital Anxiety and Depression Scale (HAD) [START_REF] Zigmond | The hospital anxiety and depression scale[END_REF], including 14 questions scored from 0 to 3. High scores indicate depressive and anxious symptoms.

To assess self-esteem, we used the Rosenberg Scale [START_REF] Vallières | Traduction et validation canadienne-française de l'échelle de l'estime de soi de Rosenberg[END_REF], a self-questionnaire focusing on the usual self-perception. This scale is based on 10 items scored from 0 to 4. A high score reflects strong self-esteem.

The following patients' characteristics were recorded: demographic details (sex, age, educational status) and clinical characteristics (MS duration, type of MS, EDSS score, number of impaired cognitive domains, number of impaired cognitive tests). Results of the cognitive examination were also recorded.

Statistical analysis

Analyses were performed with R software (3.2.2 version). Demographic and clinical characteristics, neuropsychological results and baseline outcomes were compared between groups with a Wilcoxon test for continuous variables and a chi2 test for categorical variables.

Modifications of outcomes in the ADACOG group were tested with repeated measures one way ANOVA, and if applicable post-hoc paired Wilcoxon test between two time points.

Differences of outcomes' evolution between groups were performed with repeated measures ANOVA. Post-hoc analyses were carried out to test the difference of scores between two time points, between both groups, using a Wilcoxon test. All results were considered significant if the p value was less than 0.05. The two groups did not differ in gender, age, MS duration, clinical phenotype, educational level, impaired cognitive domains and tests. Patients in the ADACOG group presented a slightly higher EDSS score than the control group. Interestingly, in the ADACOG group, one patient presented a cognitive form of MS, with cognitive and behavioral disorders as first manifestations of the disease and predominant deficits regarding to motor symptoms.

Results

Patients' characteristics

Nevertheless, the cognitive profile of that patient did not differ from the others. The two groups did not differ in any neuropsychological results except for the delayed free recall in the Free and Cued Selective Reminding Test and for the PASAT, patients in the ADACOG group presenting lower scores than patients in the control group. The two groups did not differ for any outcomes at baseline. Analysis of score changes within the ADACOG group is presented in table 4.

ADACOG group

Between M0 and M1, MSIS-29 score and HAD anxiety score decreased (respectively p=0.03 and p=0.04). Scores in MSNQ, HAD depression and self-esteem did not change significantly.

At M7, MSNQ score decreased significantly compared to M0 (p=0.003), while the other outcomes returned to the baseline values. Scores in questionnaires in each group at each time-point of the study are presented in the Table 5. Over the seven months (M0, M1 and M7) change in MSNQ, HAD depression and selfesteem scores were not significantly different between groups (by repeated measures ANOVA).

Group comparisons

MSIS

Discussion

This study evaluated the impact of an adaptive program to cognitive and emotional dysfunctions (ADACOG program) on several outcomes (subjective self-reported cognitive impairments, quality of life, anxiety, depression and self-esteem). Our results showed no difference on subjective self-reported neuropsychological impairments between groups at the end of the intervention, and the beneficial effect observed at six months in the ADACOG group was not significantly different from the control group. A recent controlled study [START_REF] Mäntynen | Neuropsychological rehabilitation does not improve cognitive performance but reduces perceived cognitive deficits in patients with multiple sclerosis : a randomised, controlled, multi-centre trial[END_REF] focusing on a strategy-oriented neuropsychological rehabilitation (coping and compensatory strategies learning, computerized training…) showed a positive effect on perceived cognitive deficits in MS patients, maintained nine months after the end of the program [START_REF] Rosti-Otajärvi | Neuropsychological rehabilitation has beneficial effects on perceived cognitive deficits in multiple sclerosis during nine-month follow-up[END_REF]. This program included cognitive rehabilitation in addition to psychoeducation while ADACOG program focused solely on psychoeducation (general knowledges and adaptive strategies on cognitive and emotional deficits), which may explain the discrepancy between results.

Results of our study showed a positive effect of the ADACOG program on anxiety level and to a lesser extent on quality of life immediately at the end of the program compared to the control group. This positive effect of the ADACOG program is in line with some studies using psychoeducational or metacognitive programs. McGuire et al. [START_REF] Mcguire | Development and effectiveness of a psychoeducational wellness program for people with multiple sclerosis[END_REF] showed that a psychoeducational wellness program for MS patients, focusing on different quality of life components like depression, anxiety, fatigue, perceived cognitive complaints, stress and social support through a group format was effective in improving self-reported depression, anxiety, perceived stress and pain but had no effect on self-reported cognitive complaint.

Similarly and focusing on cognition, Pöttgen et al. [START_REF] Pöttgen | Managing Neuropsychological Impairment in Multiple Sclerosis: Pilot Study on a Standardized Metacognitive Intervention[END_REF] showed that a specific metacognitive training on knowledge about cognitive deficits based on principles of evidence-based patient information, concrete examples and interactive reflection addressing cognitive biases and information on alternative coping strategies, improved patients' fatigue, feeling of selfefficacy and quality of life but had no effect on subjective cognitive complaint evaluated by the SEA (Scale to Assess Attention Deficit). However, some methodological differences between Pöttgen's study and ours could be underlined. Notably, performances of patients benefiting from the MaTIMS were not compared to those obtained in a control group.

There are some limitations to our study. First, our sample size is small and probably unable to detect small differences over time between groups. Moreover, patients were allocated to groups consecutively potentially introducing a selection bias. In that perspective, some clinical characteristics were different between groups (higher EDSS score in the ADACOG group, differences in the mean disease duration and clinical phenotype). These differences could be a limitation in the interpretation of our results. Second, the design of the study did not allow the same conditions for completing questionnaires (in the ADACOG group, patients completed the questionnaire during the ADACOG program while in the control group, the questionnaires were completed in a routine consultation). Third, as we focused on self-reported neuropsychological impairments, results of the initial cognitive examination were used as inclusion criteria and not as outcomes. In that perspective, we did not address a cognitive examination at the end of the program or after the control period. Even if no change on objective neuropsychological impairments was expected after the program, lack of cognitive examination at the end of the study could constitute a limitation. In addition, as we did not address "placebo" care in the control group, we cannot exclude that social attention due to participation in the program could have been a factor influencing results.

Finally, as previously mentioned in other studies [START_REF] Mitolo | Cognitive rehabilitation in multiple sclerosis : A systematic review[END_REF][START_REF] Rosti-Otajärvi | Neuropsychological rehabilitation for multiple sclerosis[END_REF][START_REF] Pöttgen | Managing Neuropsychological Impairment in Multiple Sclerosis: Pilot Study on a Standardized Metacognitive Intervention[END_REF], selection of clinically relevant outcomes in order to evaluate such clinical care remains challenging. Indeed, lack of significant changes in clinical measures may not exclude a positive effect in patients' ability to cope within daily living.

In summary, our results show a small effect of the ADACOG program on patients' subjective self-reported cognitive impairments. This effect was revealed six months after the end of the program and could be possibly explained by the time needed for patients to integrate new suitable strategies in their daily living. Moreover, longitudinal analysis between both groups showed an immediate positive impact of the program on anxiety and to a lesser extent on quality of life. This immediate benefit could be explained by a "care effect": difficulties in daily living are expressed, shared and recognized within the group with other patients and therapists; coping strategies are discussed.

This exploratory study shows small effects of the program on subjective self-reported cognitive impairments, quality of life, anxiety, depression and self-esteem in MS patients.

Nevertheless, it seems essential to underline the feasibility to implement such psychoeducational programs in usual care since neuropsychological problems are largely undertreated in MS. In that perspective, development of psychoeducational programs associated with cognitive rehabilitation seems to be a way to offer the most suitable care of neuropsychological deficits to patients with MS and other studies focusing on these aspects must be conducted to show the beneficial effect of this approach.
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 1 Figure 1: flowchart illustrating patients' participation

Fifty-four

  patients were screened in this study between February 2013 and September 2015. Six patients were not included because the MSNQ score was below to 23. Twenty-four patients were included in the ADACOG group. Finally, in the control group, twenty-one patients fulfilled the study, because three patients dropped out at the beginning due to motivational problems. The final analysis was performed on forty-five patients (age range 20-68 years, men/women=9/36). Demographic and clinical characteristics are presented in the

  -29 score decreased by 9.1 points (±17.6) in the ADACOG group between M1 and M0 and increased by 3.7 points (±17.1) in the control group between M0 and M1. The change M1-M0 for MSIS-29 scores was significantly different between ADACOG group and control group (p=0.04, by post-hoc Wilcoxon test, effect size r=-0.304), patients in the ADACOG group showing a better quality of life's improvement than patients in the control group. HAD-A score decreased by 1.4 points (±3.5) in the ADACOG group between M0 and M1 and increased by 1.3 points (±3) in the control group. The difference M1-M0 for HAD-A was significantly different between both groups (p=0.008, by post-hoc Wilcoxon test), patients in the ADACOG group presenting greater reduction of anxiety.

Table 1 .

 1 Results of the neuropsychological examination are reported in

Table 2 .

 2 Baselineoutcomes are presented in Table3.

Table 1 : Demographic and clinical characteristics of both groups.

 1 

	Values are mean ± standard deviation (SD), number or percentage; p value: Wilcoxon test between groups
	except for age (chi2 test).

Table 2 : Neuropsychological results of both groups.
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		ADACOG group	Control group	p
		n=24	n=21	
	Characteristics			
	Men/Women (No)	4/20	5/16	0.82
	Age (year)	46.9 ± 11.3	42.4 ± 10.4	0.1
	MS duration (year)	16.1 ± 12.4	9.9 ± 6.4	0.11
	Clinical phenotype (%)			0.34
	Relapsing-remitting MS	58	81	
	Secondary progressive MS	33	14	
	Primary progressive MS	4.5	5	
	Other (ie : cognitive)	4.5	0	
	EDSS	3.8 ± 1.7	2.8 ± 1.5	0.03
	Educational level (year)	14 ± 3.1	13.5 ± 3.8	0.39
	Impaired cognitive domains (No)	3.8 ± 0.96	3.3 ± 1.2	0.12
	Impaired cognitive tests (No)	5.5 ± 1.3	5.1 ± 1.9	0.52

Table 3 : Outcomes at baseline.
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		ADACOG group	Control group	p
		n=24		n=21
	Free and Cued Selective Reminding Test			
	Immediate recall (/16)	15,1 ± 0,9		15,2 ± 1,2	0,59
	Free recall (/48)	27,0 ± 5,5		29,7 ± 6,9	0,08
	Total recall (/48)	44,7 ± 3,7		45,1 ± 4,9	0,23
	Delayed free recall (/16)	10,2 ± 2,6		12,1 ± 3,5	0,01
	Delayed total recall (/16)	15,1 ± 0,9		15,2 ± 2	0,19
	Recognition (/16)	15,6 ± 1,4		15,6 ± 0,7	0,68
	False recognitions (/32)	0,04 ± 0,2		0,05 ± 0,22	0,97
	SRT 10-36			
	Immediate recall (/30)	13,5 ± 6,4		16,1 ± 6	0,25
	Delayed recall (/10)	4,7 ± 2,3		6,1 ± 2,2	0,09
	PASAT (/60)	42,5 ± 9,5		51,4 ± 4,2	0,01
	CSCT (total of correct items)	41 ± 9,4		36 ± 10,4	0,22
	Continous Performance Test (CPT-II)			
	Reaction Time (ms)	445,3 ± 64,5		450,1 ± 73,7	0,74
	Reaction Time variability (ms)	11,7 ± 5,9		9,1 ± 3,7	0,26
	Commissions (%)	45,1 ± 19,2		50,1 ± 19,3	0,56
	Omissions (%)	1,6 ± 2,1		1,9 ± 1,9	0,79
	Digit Span (WAIS-III)			
	Forwards	5,3 ± 0,8		5,5 ± 1,2	0,38
	Backwards	3,9 ± 0,6		3,7 ± 0,7	0,17
	Standard score (/19)	7,3 ± 2,4		6,6 ± 3,1	0,57
	Modified Card Sorting Test			
	Criterion number (/6)	5,9 ± 0,4		5,8 ± 0,5	0,26
	Total errors	5,3 ± 3,6		5,8 ± 3,3	0,53
	Perseverative errors	1,7 ± 1,8		1,5 ± 3,3	0,86
	Failure to maintain set	0,8 ± 0,8		1,5 ± 1,8	0,55
	Trail Making Test			
	Part A time (sec)	40,1 ± 15,5		40,5 ± 12,8	0,83
	Part A errors	0,1 ± 0,3		0,1 ± 0,3	0,97
	Part B time (sec)	93,1 ± 39,6		98,1 ± 31,6	0,52
	Part B errors	0,6 ± 0,8		0,3 ± 0,6	0,14
	Fluency Test			
	Phonologic fluency (P)	17,4 ± 6,5		18,2 ± 7,6	0,73
	Semantic fluency (animal)	26,7 ± 8,9		28,3 ± 7,2	0,44
	Stroop Test (Grefex version)			
	Naming part time (sec)	71,3 ± 9,8		71,1 ± 12	0,68
	Reading part time (sec)	47,7 ± 9,6		50,3 ± 6,5	0,28
	Interference part time (sec)	124,4 ± 22,7		128,5 ± 29,6	0,73
		ADACOG group	Control group	p
		n=24		n=21
	Scores at baseline			
	(/60)	38.4 ± 7.8		34.6 ± 6.5	0.07
	MSIS-29 (/145)	85.2 ± 20.5		82.4 ± 19.7	0.57
	HAD anxiety (/21)	8.5 ± 3.6		9.4 ± 4.2	0.52
	HAD depression (/21)	7.7 ± 4		8.6 ± 4.6	0.49
	Self-esteem (/40)	27.6 ± 5.7		28.3 ± 6.1	0.67

Table 4 : Scores in questionnaires at baseline (M0), at the end of the program, one month later (M1) and 6 months later (M7) in the ADACOG group, comparison of changes within the group.
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Values are mean ± SD; p value: Repeated measures ANOVA, post-hoc: paired Wilcoxon test between times.

Table 5 : Scores in questionnaires at baseline (M0), at the end of the program, one month later (M1) and 6 months later (M7) in ADACOG group and the control group, comparison of change between groups and time points.
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	variables	M0	M1	M7	p
	MSNQ (/60)	38.4 ± 7.8 37.1 ± 8.3 32.3 ± 8.7	0.03
	MSIS-29 (/145)	85.2 ± 20.5 76.1 ± 22.1 81.6 ± 23.5	0.36
	HAD anxiety (/21)	8.5 ± 3.6	7.2 ± 3.6	8.7 ± 4.2	0.28
	HAD depression (/21)	7.7 ± 4	7.3 ± 3.4	7.4 ± 3.2	0.95
	Self-esteem (/40)	27.6 ± 5.7 28.2 ± 6.6 28.3 ± 5.4	0.90

Values are mean ± SD; p value: Repeated measures ANOVA among the three time points.
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