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Background. Fatigue is a common symptom in patients with acquired brain injury (ABI) related disability while its multidimensionality has never been investigated, and specifically its relationship with patients' cognitive functioning.

Objective. This study aimed to evaluate the validity of the Multidimensional Fatigue Inventory (MFI-20) in patients living with ABI-related disability.

Methods. Four hundred twenty-six participants divided in three different groups (ABI-related disability, physical-related disability without an ABI, and healthy volunteers with no disability) were administered the French version of the Multidimensional Fatigue Inventory.

We investigated the link between these fatigue measures and neuropsychological assessment in patients with ABI. Performance on this tool was compared according to the group and we calculated normative data for the Multidimensional Fatigue Inventory based on healthy volunteers' performance.

Results.

In patients with ABI, fatigue measures significantly correlated with neuropsychological measures of attention, memory and executive functions. We found higher scores on Mental Fatigue and Reduced Activities dimensions in patients with ABI in comparison with the patients with physical disability (p<0.05) and healthy controls (p<0.01).

Conclusions.

The Multidimensional Fatigue Inventory appeared to be a sensitive tool to detect ABI-related fatigue, fatigue levels being higher than in patients with physical disability and in healthy volunteers. As fatigue appeared to be related to memory, executive and attentional functioning of patients with ABI-related disability who often face unemployment, its impact on vocational outcome following ABI should be further investigated.

Introduction

Fatigue is a common symptom in patients with acquired brain injury (ABI), [START_REF] Malley | Managing fatigue in adults after acquired brain injury[END_REF] affecting between 21 and 70% of patients diagnosed with a traumatic brain injury (TBI), [START_REF] Cantor | Systematic review of interventions for fatigue after traumatic brain injury: a NIDRR traumatic brain injury model systems study[END_REF][START_REF] Cantor | Fatigue after traumatic brain injury and its impact on participation and quality of life[END_REF] between 20 and 92% of patients with stroke [START_REF] Duncan | Frequency and natural history of fatigue after stroke: a systematic review of longitudinal studies[END_REF][START_REF] Nadarajah | Post-stroke fatigue: a review on prevalence, correlates, measurement, and management[END_REF] and over 80% of patients with brain tumor. [START_REF] Asher | Fatigue among patients with brain tumors[END_REF][START_REF] Lovely | Relationship between fatigue and quality of life in patients with glioblastoma multiformae[END_REF] Fatigue has been widely defined in the literature. A complete and precise definition was provided by Aaronson et al., [START_REF] Aaronson | Defining and Measuring Fatigue[END_REF] fatigue corresponding to "the awareness of a decreased capacity for physical and/or mental activity due to an imbalance in the availability, utilization, and/or restoration of resources needed to perform activity". A consensus was reached on its multidimensionality, [START_REF] Malley | Managing fatigue in adults after acquired brain injury[END_REF] fatigue including physical and psychological, motivational and situational, and activity-related dimensions. [START_REF] Malley | Managing fatigue in adults after acquired brain injury[END_REF][START_REF] Cantor | Systematic review of interventions for fatigue after traumatic brain injury: a NIDRR traumatic brain injury model systems study[END_REF] A gender difference in fatigue was commonly found in the literature: in the general population, the number of fatigue complaints appeared to be higher in women than in men. [START_REF] Peretti-Watel | Fatigue, insomnia and nervousness: Gender disparities and roles of individual characteristics and lifestyle factors among economically active people[END_REF] Different models to explain ABI-related fatigue were proposed. According to the coping hypothesis, fatigue would be the result of compensating processes for ABI-related cognitive impairment [START_REF] Van Zomeren | Residual complaints of patients two years after severe head injury[END_REF] since several studies highlighted that neuropsychological performance was linked to the fatigue level of patients with TBI. [START_REF] Van Zomeren | Residual complaints of patients two years after severe head injury[END_REF][START_REF] Belmont | Subjective fatigue, mental effort, and attention deficits after severe traumatic brain injury[END_REF] In patients with TBI, it was found that attentional performance (especially vigilance) predicted fatigue and fatigue increased depression and anxiety symptoms, [START_REF] Ponsford | A Model of Fatigue Following Traumatic Brain Injury[END_REF] related to the return to work. [START_REF] Xiong | Factors associated with return to work in men and women with work-related traumatic brain injury[END_REF] More generally, slower return to work was found to be predicted by self-reported fatigue. [START_REF] Jonasson | Mental fatigue and impaired cognitive function after an acquired brain injury[END_REF] Assessment of fatigue following ABI in its multidimensionality is a challenging question, since the existing fatigue scales do not address both ABI context and multidimensionality. For example, the Fatigue Severity Scale [START_REF] Krupp | The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus erythematosus[END_REF] and the Barrow Neurological Institute Fatigue Scale [START_REF] Borgaro | Fatigue after brain injury: initial reliability study of the BNI Fatigue Scale[END_REF] evaluate one general fatigue dimension, and the Mental Fatigue Scale [START_REF] Johansson | A selfassessment questionnaire for mental fatigue and related symptoms after neurological disorders and injuries[END_REF] evaluate only mental fatigue dimension. However, to our knowledge, existing multidimensional scales had never been validated in patients with ABI, including both traumatic and non-traumatic (such as patients with a cerebral stroke or a cerebral tumor) etiologies. For example, the Modified Fatigue Impact Scale was validated only in patients with mild to moderate TBI, [START_REF] Schiehser | Validation of the Modified Fatigue Impact Scale in mild to moderate traumatic brain injury[END_REF] the Neurological Fatigue Index [START_REF] Mills | Development of a patient reported outcome scale for fatigue in multiple sclerosis: The Neurological Fatigue Index (NFI-MS)[END_REF] and Fatigue Impact Scale [START_REF] Debouverie | Validity of a French version of the fatigue impact scale in multiple sclerosis[END_REF] were developed only in patients with multiple sclerosis and the Neurological Fatigue Index was validated only in patients with stroke. [START_REF] Mills | Validation of the Neurological Fatigue Index for stroke (NFI-Stroke)[END_REF] The Multidemensional Fatigue Inventory (MFI-20) [START_REF] Gentile | Validation of the French "multidimensional fatigue inventory" (MFI 20)[END_REF] and the Fatigue Impact Scale [START_REF] Debouverie | Validity of a French version of the fatigue impact scale in multiple sclerosis[END_REF] both are psychometric tools evaluating multidimensional fatigue and validated in French.

Since the MFI-20 is shorter (20 items) than the Fatigue Impact Scale (40 items), it appeared to be more adapted to patients with ABI who experience simultaneously a wide range of cognitive, psychological and behavior injury-related sequelae. [START_REF] Beni | The Geneva Scale of Socio-emotional Behavior Change (ECCSEG): Validation with patients suffering from cranio-cerebral trauma[END_REF] The French version of the MFI-20 [START_REF] Gentile | Validation of the French "multidimensional fatigue inventory" (MFI 20)[END_REF] was validated in patients diagnosed with thyroid disease and in patients experiencing fatigue in absence of a diagnosed medical condition. Authors found a four-factor structure (67% of the total variance), with a Cronbach's alpha coefficient of 0.93 for the MFI-20 total score and above 0.68 for each subscale. A validation of the MFI-20 in patients with ABI-related disability would lead to a more accurate assessment of fatigue and of its effects on cognitive functions. The aims of this study were therefore to evaluate the validity of the MFI-20 in patients living with ABI-related disability and to provide demographically adjusted normative data for this tool in order to determine cut-off scores.

Method

Participants

Based on a volunteer participation, we included 426 participants divided in three different groups: 109 patients with disability due to an ABI (disability-ABI group), 79 patients with disability due to a physical cause in absence of an ABI (disability-noABI group), and 238 healthy volunteers with no disability (no-disability group). All participants were French fluent speakers. In the disability-ABI group, participants were 44.98 (SD=15.80) years old, the majority were men (70%), they were included in this study at a mean delay of 4.28 years after their ABI (range from 1 to 311 month; SD=63.97 months) and 45% of them were in a vocational rehabilitation program, because of great difficulties to resume work after injury.

Nearly half (46%) of the patients in this group had a stroke, 39% a TBI and 6% a brain tumor.

In the disability-noABI group, participants were 42.39 (SD=8.34) years old and the majority were men (62%). They presented functional impairment related to their physical disability without an ABI and this impairment prevented a return to work; they were all unemployed and were undergoing a vocational training. In the no-disability group, participants were 33.05 (SD=11.85) years old and the majority were women (64%).

The research was completed in accordance with the Helsinki Declaration. Ethical approval for this study was obtained (2017-5-S55).

Procedure

Based on a volunteer participation, patients in the disability-ABI group were administered a fatigue evaluation during their neuropsychological assessment. We followed the same procedure for fatigue assessment in the three groups. Indeed, all participants were asked to complete the MFI-20 questionnaire. A single-item visual analogue scale (VAS) was administered to analyze the link between MFI-20 measures and this commonly used scale to assess fatigue. Both tools investigated their fatigue level during the previous week.

The VAS corresponded to a 10 cm long vertical bar. It was anchored by 'total absence of fatigue' (in French, "absence totale de fatigue") at the bottom of the scale and by 'complete exhaustion' (in French, "épuisement complet") at the top. Participants were asked to place a mark on the bar that described how tired they felt during the previous week. Fatigue intensity was scored by measuring in centimeters from the bottom of the scale to participants' mark. As for the MFI-20, a higher score on the VAS indicated a higher level of fatigue. As some of our participants had an ABI inducing visuo-spatial deficit, such as spatial neglect, we decided to use a vertical VAS so neglect patients would not experience overwhelming difficulties in performing the task. [START_REF] Scott | Vertical or horizontal visual analogue scales[END_REF] In the disability-ABI group, neuropsychological assessment was available in 43 patients. It included 172 variables corresponding to scores on different neuropsychological tests (see Table 1). According to patients' limitations and/or their ABI-related complaints, the 172 variables were not necessarily available for all patients. In the no-disability group, 106 participants completed a paper version and 132 participants completed an online version of the MFI-20 on LimeSurvey. Among those who completed a paper version, 45 participants completed the VAS.
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Measures

Since Gentile et al. [START_REF] Gentile | Validation of the French "multidimensional fatigue inventory" (MFI 20)[END_REF] found a four-dimension structure of the MFI-20, we measured the MFI-20 total score along with these dimensions: General Fatigue, Mental Fatigue, Reduced Activities and Motivation. An additional measure was the VAS score.

Data analysis

In the disability-ABI group, links between VAS and MFI-20 scores were evaluated through Pearson or Kendall's Tau correlation tests. We ran regression analyses to investigate the influence of age, gender, education and etiology on the fatigue measures described above (VAS score, MFI-20 total score, General Fatigue, Mental Fatigue, Reduced Activities and Motivation). [START_REF] Gentile | Validation of the French "multidimensional fatigue inventory" (MFI 20)[END_REF] Within this subgroup, we analyzed the link between the fatigue measures and neuropsychological performance through Pearson or Kendall's Tau correlation test.

In the no-disability group, we evaluated the impact of socio-demographical characteristics on the fatigue measures using the method of Barona, Reynolds, and Chastain 32 by means of an ascendant step-by-step linear regression model including three predictive factors: age, number of years of formal education, and gender. We then analyzed the MFI-20 scores according to the version administered and the subgroups combining the statistically significant predictors.

We compared performance of the three groups (disability-ABI, disability-noABI and nodisability) on the fatigue measures using Kruskal-Wallis multiple comparison tests and reported the results among multiple pairwise comparisons using Dunn's test, adjusting pvalues with the Benjamini-Hochberg method.

We investigated the effect of the group on the fatigue measures according to gender through moderation analyses. We applied Hayes's Model 1 with gender as the moderator. [START_REF] Hayes | Introduction to mediation, moderation, and conditional process analysis: A regression-based approach[END_REF] We examined the interaction between gender and the group (firstly, disability vs no-disability, secondly, disability-ABI vs no-disability). Then, using a pick-a-point approach, i.e. a simpleslopes analysis, we estimated the conditional effect of each group on fatigue measures for the two values of the gender moderator. [START_REF] Hayes | Introduction to mediation, moderation, and conditional process analysis: A regression-based approach[END_REF] The pick-a-point approach is a method of probing an interaction on a specific value of the moderator. [START_REF] Montoya | Moderation analysis in two-instance repeated measures designs: Probing methods and multiple moderator models[END_REF] The significance of the indirect effect was tested using bias-corrected bootstrap (5000 times resampling) 95% confidence intervals and only standardized coefficients were reported. [START_REF] Hayes | Introduction to mediation, moderation, and conditional process analysis: A regression-based approach[END_REF] In order to establish norms for the MFI-20 scores, we relied on the performance of the nodisability group and to the linear regression models testing the impact of socio-demographical characteristics on fatigue measures. For all models with statistically significant regression coefficients, we tested the normality of residuals distribution. As the assumption of normality of residuals distribution was not confirmed, norms were obtained using a classical percentile procedure. [START_REF] Dancey | Statistiques sans maths pour psychologues[END_REF] Statistical analyses were performed using R version 3.5.3 (https://www.r-project.org/), only moderation analysis required using the PROCESS macro [START_REF] Hayes | Introduction to mediation, moderation, and conditional process analysis: A regression-based approach[END_REF] on IBM SPSS Statistics 20.0 (https://www.ibm.com/support/pages/spss-statistics-20-available-download).

Results

Disability-ABI group

The correlations between all the MFI-20 scores and the VAS were statistically significant, even if low for MFI-20 total score (tau=0.43, p<0.001), General Fatigue (tau=0.48, p<0.001) and Mental Fatigue dimension (tau=0.33, p<0.001), and negligible for Reduced Activities (tau=0.15, p=0.03) and Motivation dimension (tau=0.17, p=0.02). [START_REF] Hinkle | Applied Statistics for the Behavioral Sciences[END_REF] Age, gender and education did not significantly predict the VAS score (respectively, p=0.99, p=0. 16, p=0.44), the MFI-20 total score (respectively, p=0.47, p=0.33, p=0.63), General Fatigue (respectively, p=0.74, p=0.07, p=0.67), Mental Fatigue (respectively, p=0.32, p=0.61, p=0.73), Reduced Activities (respectively, p=0.84, p=0.10, p=0. 19) and Motivation dimension scores (respectively, p=0. 26, p=0.26, p=0.45). Etiology significantly predicted the MFI-20 total score (p=0.02), the General Fatigue dimension score (p=0.04) and the Reduced Activities dimension score (p<0.01), patients with TBI and stroke having higher scores than those with brain tumor. It did not significantly predict the VAS score (p=0.87), the Mental Fatigue dimension score (p=0.20) and the Motivation dimension score (p=0.07).

Correlation analyses underlined that Motivation dimension of the MFI-20 significantly correlated with the delay from injury (tau=0.28, p=0.02). Neuropsychological performance significantly correlated with the VAS and MFI-20 (see Table 2). Patients who received neuropsychological assessment were younger than those who did not (37.5 vs 49.7 years old; W=2029, p<0.001). They also had a longer delay after injury (5.98 vs 3.15 years; W=468, p<0.001). No statistically significant difference in terms of years of formal education was found between the two groups (11.70 vs 11.09; W=426.5, p=0.17).
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No-disability group

In the no-disability group, participants completed either a paper (Npaper=106) or an online version of the MFI-20 (Nonline=132). Those who completed the online version had a greater female/male ratio (Pearson's Chi-squared test with Yates' continuity correction, X 2 =9.2417, p<0.01) and a higher level of formal education (Exact Wilcoxon rank sum test, W=7115.5, p<0.001) than those who completed the paper version. When comparing the scores of those who completed the paper version with those who completed the online version, significant statistical differences were found for MFI-20 total score (Asymptotic Wilcoxon rank sum test, W=8988, p<0.001), General Fatigue (W=9062.5, p<0.001), Reduced Activities (W=8759.5, p<0.001) and Motivation (W=8324.5, p=0.01) dimensions. Yet, this difference might not be due to the version administrated, since age and gender were both significant predictors of the MFI-20 total score (F=10.0, p<0.001, adjusted R 2 =0.11), General Fatigue (F=9.63, p<0.001, adjusted R 2 =0.10), Mental Fatigue (F=9.25, p<0.001, adjusted R 2 =0.09), and Reduced Activities (F=8.74, p<0.001, adjusted R 2 =0.09) dimensions, and since age was a statistically significant predictor of the Motivation dimension (F=4.77, p=0.03, adjusted R 2 =0.02). Thus, we categorized participants' age in three age groups: group 1 corresponding to those between 18 and 29 years old, group 2 to those between 30 and 44 years old and group 3 to those between 45 and 71 years old. These age groups were combined with the gender variable (Male/Female) and we analyzed the MFI-20 scores according to these combinations age group x gender (Male*Group1, Male*Group2, Male*Group3, Female*Group1, Female*Group2, Female*Group3; see Table 3) or according to age group alone. Based on the results presented in Table 3 and given the fact that women were overrepresented in the online version, we decided to pool together the data of all participants with no disability, regardless of the version of the MFI-20 administered.
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Disability-ABI vs disability-noABI vs no-disability

In the disability-ABI group, age, gender and education did not significantly predict the VAS (age: p=0.99, gender: p=0. 16 Therefore, comparisons between the three groups (disability-ABI, disability-noABI, and nodisability) were conducted regardless of the socio-demographic characteristics on the fatigue scores. A statistical significant difference was found on the VAS according to the group (Kruskal-Wallis chi-squared=26.66, p<0.001), scores being higher in the disability-noABI group in comparison with the disability-ABI group (Dunn's Test, Z=-4.64, p<0.001) and with the no-disability group (Dunn's Test, Z=4.11, p<0.001), but no statistical significant difference was found between the disability-ABI group and the no-disability group (Dunn's Test, Z=0.34, p=0.73). A statistical significant difference was found on the MFI-20 total score according to the group (Kruskal-Wallis chi-squared=27.91, p<0.001), scores being higher in the disability-ABI (Dunn's Test, Z=4.26, p<0.001) and the disability-noABI (Dunn's Test, Z=4.19, p<0.001) groups in comparison with the no-disability group, but no statistical significant difference was found between the disability-ABI group and the disability-noABI group (Dunn's Test, Z=-0.34, p=0.73). A statistical significant difference was found on the General Fatigue dimension according to the group (Kruskal-Wallis chi-squared=42.49, p<0.001), scores being higher in the disability-ABI (Dunn's Test, Z=3. 38 and with the no-disability group (Dunn's Test, Z=5.57, p<0.001), but no statistical significant difference was found between the disability-noABI group and the no-disability group (Dunn's Test, Z=0.46, p=0.65). No statistically significant difference was found on the Motivation dimension according to the group (Kruskal-Wallis chi-squared=5.49, p=0.06).

A moderator effect of gender?

We tested a moderation model with group as the independent variable, fatigue measures as the outcome variable, and gender as a moderator. In the first analysis, the two modalities of the group were disability (including the groups disability-ABI and disability-noABI) and no-disability. In the second analysis, the two modalities of the group were disability-ABI and nodisability. In both analyses, the fatigue measures were VAS, MFI-20 total score, General Fatigue, Mental Fatigue, Reduced Activities, and Motivation. Only statistically significant moderator effects were reported hereafter.

In the first analysis, using group (disability vs no-disability) as the independent variable, Reduced Activities as the outcome variable, and gender as a moderator, we found a significant interaction between group and gender (see Figure 1a),t In the second analysis, using group (disability-ABI vs no-disability) as the independent variable, Reduced Activities as the outcome variable, and gender as a moderator, we found a significant interaction between group and gender (see Figure 1b), t(339)= 2.54; p=0.01 (B=2.66, SE=1.05, 95% CI 0.60 to 4.72): group predicted Reduced Activities for men, t(339)=-5.98; p<0.001 (B=-3.93, SE= 0.66, 95% CI -5.22 to -2.64), but not for women, t(339)=-1.56; p=0.12 (B=-1.27, SE=0.81, 95% CI -2.87 to 0.33).

Additionally, when controlling for gender, scores significantly decreased in the no-disability group in comparison with the disability-noABI group for VAS (t(120)=-5.62, p<0.001), MFI-20 total score (t(314)=-5.51, p<0.001), General Fatigue (t(120)=-5.62, p<0.001) and Motivation (t(314)=-3.61, p<0.001). When controlling for gender, no statistically significant effect of group (disability-noABI vs no-disability) was found for Mental Fatigue (t(314)=-1.26, p=0.21) and Reduced Activities (t(314)=-0.45, p=0.65) scores.
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MFI-20 Normative data

Percentiles were calculated according to age and gender (see Table 4).

INSERT TABLE 4

Discussion

The aim of this study was to evaluate the validity of the MFI-20 in patients living with ABIrelated disability. For this purpose, 426 participants belonging to three different groups (disability due to an ABI, disability due to a physical cause in absence of an ABI, and healthy volunteers with no disability) were administered the MFI-20 and a single-item VAS. We investigated the link between these fatigue measures and neuropsychological assessment in the disability-ABI group. Performance on these tools was compared according to the group and we calculated normative data for the Multidimensional Fatigue Inventory based on healthy volunteers' performance.

In patients with ABI, MFI-20 measures and VAS correlated with memory and attention performance. MFI-20 measures additionally correlated with planning, spontaneous mental flexibility and visuo-constructive performance. A higher level of fatigue was found in patients with disability due to an ABI in comparison with patients with physical disability and healthy volunteers on Mental Fatigue and Reduced Activities dimensions of the MFI-20. Thus, these two dimensions of the MFI-20 appeared to highlight ABI-related fatigue. Higher levels of fatigue were found in patients with disability, either due to an ABI or not, in comparison with healthy volunteers on MFI-20 total score and General Fatigue. Thus, these three measures appeared to highlight disability-related fatigue.

Fatigue either due to a disability, either due to an ABI or not, could not be underlined only with the VAS score. However, giving that VAS correlated with MFI-20 scores and neuropsychological measures of memory and attention, this tool could be useful in patients with severe sequelae who would not be able to respond to a full 20-items-questionnaire, as it was already used in patients with severe TBI. [START_REF] Belmont | Subjective fatigue, mental effort, and attention deficits after severe traumatic brain injury[END_REF] We found a moderating effect of gender on the relation between group (patients with disability vs healthy controls, and patients with ABI vs healthy controls) and Reduced Activities dimension measuring the ability to physically do (or not) something. [START_REF] Gentile | Validation of the French "multidimensional fatigue inventory" (MFI 20)[END_REF] The score on the Reduced Activities dimension was higher in patients with physical and ABI-related disability in comparison with healthy controls, but only in men. Thus, in these two groups, men would be more impacted than women on their ability to physically do something. Even if healthy women would experience a higher level of fatigue in comparison to men on this specific point, this level would not be impacted by the presence of a disability. This could have been influenced by the fact that the male/female ratio was greater in patients with disability (73/31 for patients with ABI; 49/30 for patients with physical disability) than in the group of healthy volunteers (86/152). Indeed, in medical and social structures for patients with disability, the male/female ration is representative of the physical and ABI disability incidence, [START_REF] Vagnerova | Gender and the Injured Brain[END_REF] whereas in general population it was found that women were more likely to participate to surveys than men. [START_REF] Curtin | The effects of response rate changes on the index of consumer sentiment[END_REF] Another possible explanation of this moderating effect would be the fact that fatigue in women's life was found to be associated with environmental demands on their lives, as self-esteem, menstrual cycle phases or number of children. [START_REF] Lee | Fatigue as a Response to Environmental Demands in Women's Lives[END_REF] 

Strength and limitations

To our knowledge, this is the first study aiming to validate a fatigue evaluation scale in patients with disability, either due to an ABI or not. For the first time also, we could provide normative data, based on a large sample of healthy volunteers with no disability, so clinicians could interpret patients' fatigue as pathological or in the normal range, in terms of fatigue considered as a single construct and, additionally, for different dimensions of fatigue (General Fatigue, Mental Fatigue, Reduced Activities and Motivation).

However, some limits could be mentioned. In the disability-noABI group, we did not have information about the disability etiology and the functional impact of disability. Both might influence levels of fatigue. Further studies should shed light on fatigue patterns in patients with disability not due to an ABI, according to disability etiology and severity. In the disability-ABI group, the delay from injury range was wide (from 1 to 311 months). Levels of fatigue could vary according to the acute and post-acute stages of an ABI vs longer delays post-ABI. Further studies should investigate the effect of the delay post-injury on ABI-related fatigue. Furthermore, MFI-20 evaluates self-reported fatigue, however self-reported measures could be biased in patients with disability, especially when comorbid anxiety and depression are associated. Measures of anxiety and/or depression could be moderating variables between disability and fatigue [START_REF] Ponsford | A Model of Fatigue Following Traumatic Brain Injury[END_REF] , so further studies should focus on this effect and test interventions for symptoms of anxiety and/or depression, allowing to reduce fatigue. Self-reported measures could be biased specifically in patients with disability due to an ABI, who often experience anosognosia. Further studies should evaluate objective measures of fatigue, as neural mechanisms already found in the literature [START_REF] Blain | Neural mechanisms underlying the impact of daylong cognitive work on economic decisions[END_REF][START_REF] Pessiglione | Why not try harder? Computational approach to motivation deficits in neuro-psychiatric diseases[END_REF] .

Conclusions

The Multidimensional Fatigue Inventory appeared to be a sensitive tool to detect ABI-related fatigue, fatigue levels being higher than in patients with physical disability and in healthy volunteers. We provided normative data for MFI-20 based on healthy volunteers' performance, according to gender et age group. As fatigue appeared to be related to neuropsychological functioning of patients with ABI-related disability who often face unemployment, its impact on vocational outcome following ABI should be further investigated. 
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Table 3 .

 3 MFI-20 scores in the no-disability group, according to the version administered and the subgroups combining age group and gender.

			Paper vs Online version	
	Scores	MFI-20	General	Mental	Reduced	Motivation
	Subgroups	total score	Fatigue	Fatigue	Activities	
	Male*Group1	W=247.5,	W=265.5,	W=176,	W=220,	
		p=0.72	p=0.43	p=0.19	p=0.78	W=2695,
	Female*Group1 t=2.77,	t=2.75,	W=1099.5,	W = 1340.5,	p= 0.05
		p<0.01	p<0.01	p=0.18	p<0.001	
	Male*Group2	t=1.32,	t=1.39,	t=1.34,	W=73.5,	
		p=0.21	p=0.18	p=0.19	p=0.95	W=447.5,
	Female*Group2 t=-0.41676,	t=-0.49461,	t=-0.06,	t=0.09,	p=0.67
		p=0.68	p=0.63	p=0.95	p=0.93	
	Male*Group3	t=0.44,	t=0.22,	W=38.5,	t=-0.49,	
		p=0.67	p=0.83	p=0.38	p=0.63	W=311,
	Female*Group3 t=2.46,	t=2.41,	W=135,	W=167,	p=0.06
		p= 0.03	p=0.03	p=0.07	p<0.001	

t: Welch Two Sample t-test; W: Exact Wilcoxon rank sum test Statistical significant relationships are in bold (confidence interval = 5 %).

Table 4 . Percentiles Calculated With a Classical Method (Dancey & Reidy, 2007) for MFI- 20 measures.

 4 

			MFI -20 Total Score			
	Age Group		G1		G2		G3
	Gender	Male	Female	Male	Female	Male	Female
	Percentiles 0	89	120	89	103		91
	5	80	102	80	89		84
	10	75	96	78	81		80
	15	72	89	73	77		75
	20	63	86	71	75		71
	25	59	83.	67	69		70
	50	45	64	53	61		47
	75	39	50	41	47		39
	100	25	27	34	30		20
			General Fatigue			
	Age Group		G1		G2		G3
	Gender	Male	Female	Male	Female	Male	Female
	Percentiles 0	46	60	47	63		41
	5	42	50	42	44		41
	10	41	48	37	40		41
	15	36	46	36	40		38
	20	30	45	35	38		38
	25	28	43	31	36		35
	50	21	33	23	29		26
	75	17	23	18	23		20
	100	9	10	13	10		9
			Mental Fatigue			
	Age Group		G1		G2		G3
	Gender	Male	Female	Male	Female	Male	Female
	Percentiles 0	33	40	26	34		27
	5	26	33	25	28		25
	10	22	29	24	26		24
	15	19	28	23	25		20
	20	18	27	22	23		17
	25	18	25	22	22		17
	50	15	19	17	18		13
	75	13	13	14	15		10
	100	6	6	7	9		6
			Reduced Activities			
	Age Group		G1		G2		G3
	Gender	Male	Female	Male	Female	Male	Female
	Percentiles 0	19	20	14	16		17
	5	14	17	13	11		13
	10	12	16	12	11		12
	15	11	15	12	10		11
	20	11	14	12	9		9
	25	10	13	11	9		8
	50	6	9	8	7		6
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