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Abstract.17

Background: Memory impairment in behavioral variant frontotemporal dementia (bvFTD) is traditionally considered to
be mild and attributed to prefrontal cortex dysfunction. Recent studies, however, indicated that some patients can present
with a memory impairment of the hippocampal type, showing storage and consolidation deficits in addition to the more
executive/prefrontal related encoding and strategic difficulties.

18
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20
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Objective: This study aimed to study the relationship between executive functions (EF) and memory processes in bvFTD
via a data-driven approach.

22

23

Method: Participants consisted of 71 bvFTD (among which 60.6% had a lumbar puncture showing non-Alzheimer biomarker
profile) and 60 controls (among which 45% had amyloid imaging showing a normal profile). EF were assessed by the Frontal
Assessment Battery, semantic/lexical verbal fluency tests, and forward/backward digit spans. Patients were split into amnestic
(n = 33) and non-amnestic (n = 38) subgroups based on normative data (total recall score) from the Free and Cued Selective
Reminding Test (FCSRT). Relationships between FCSRT subscores and EF measures were explored through hierarchical
clustering analysis, partial correlation analysis with an EF component, and automated linear modeling.

24
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29

Results: Convergent findings across the statistical approaches show that, overall, memory performance was independent
from EF in bvFTD whereas the relationship was stronger in controls. Indeed, in bvFTD, memory performance did not cluster
with EF, was not correlated with the EF component, and was only partially (4%–12.7%) predicted by EF.
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Discussion: These findings show that executive dysfunctions cannot solely explain the memory deficits occurring in bvFTD.
Indeed, some patients present with a genuine amnesia affecting storage and consolidation abilities, which are independent
from executive dysfunctions. On the clinical level, this study highlights the importance of revising the neuropsychological
diagnosis criteria for bvFTD.

33

34

35

36

Keywords: Consolidation, encoding, episodic amnesia, executive functions, Free and Cued Selective Reminding Test,
frontotemporal dementia, memory, retrieval, storage

37

38

INTRODUCTION33

Clinical distinction of behavioral-variant fron-34

totemporal dementia (bvFTD) from Alzheimer’s35

disease (AD) has historically relied on a dichotomous36

view of cognitive symptoms in these syndromes.37

While the presence of an episodic amnestic syndrome38

is required for the diagnosis of AD [1], diagnostic cri-39

teria for bvFTD describes a dysexecutive cognitive40

profile, with relative sparing of memory functions41

[2]. There is, however, an ongoing debate in the42

literature on the usefulness of these two respective43

criteria in the differential diagnosis of bvFTD and44

AD [3, 4]. Indeed, an increasing number of studies45

have shown that some typical AD patients can present46

with severe executive dysfunction [5–7] and some47

bvFTD patients can present with severe amnesia [8,48

9], including pathologically confirmed cases [10–12].49

Similarly, at the pathological level significant pre-50

frontal and hippocampal atrophy can be observed in51

AD and bvFTD, respectively [5, 11, 13].52

Importantly, however, executive function and53

memory are not independent from each other and54

there is substantial evidence that executive dysfunc-55

tion can impact on memory performance, even when56

medial temporal lobe areas are relatively spared [14].57

Thus, memory impairment in bvFTD patients has pre-58

viously been considered to be secondary to significant59

prefrontal cortex (PFC) dysfunction in these patients.60

The contribution of prefrontal regions in episodic61

memory processing is well established [15, 16] and62

patients with PFC lesions typically exhibit impaired63

performance in neuropsychological memory tests,64

with deficits in free recall, source memory, memory65

for temporal order, recency, frequency, and associa-66

tive learning (for a review, see [17]). In more detail,67

poor organization of information and lack of efficient68

learning strategies have been suggested to explain69

encoding difficulties of PFC patients, whereas their70

low retrieval performance has been attributed to71

an inability to implement effective retrieval strate-72

gies [17, 18]. Finally, PFC patients often lack of73

insight into their own memory difficulties and fail74

to spontaneously use compensatory strategies, akin 75

to bvFTD [19]. 76

One approach to delineate the contribution of exec- 77

utive/PFC mechanisms and memory/hippocampal 78

processes is to use memory tests that separate each 79

step of the learning, storage, and retrieval proce- 80

dures. The Free and Cued Selective Reminding Test 81

(FCSRT; [20]) was designed specifically for this 82

purpose, as it uses semantic cueing for controlling 83

effective encoding and facilitating subsequent cued 84

recall of words, for those items that are not sponta- 85

neously retrieved. This procedure allows clinicians 86

to identify deficits in specific steps of learning or 87

retrieval, including associative encoding, free recall, 88

cued recall, recognition, delayed free and cued recall. 89

In particular, the performance in cued recall and 90

delayed cued recall is assumed to provide a ‘purer’ 91

measure of memory storage and consolidation (and 92

thus tapping into hippocampal functioning), while 93

encoding and free recall are supposed to rely more 94

on executive/prefrontal functioning. 95

Previous studies using the FCSRT in bvFTD have 96

reported encoding and retrieval strategy difficul- 97

ties [21, 22], suggesting that executive dysfunction 98

impacts on memory performance in these patients. 99

More importantly, however, when performance on 100

cued recall and delayed recall were also considered, 101

bvFTD patients, although outperforming AD in both 102

studies, presented evidence of a “genuine memory 103

deficit” [21]. These findings suggested that bvFTD 104

patients may show significant memory storage and 105

consolidation deficits, in addition to encoding and 106

strategic retrieval difficulties. Studies using different 107

neuropsychological memory tests have not replicated 108

these results, instead supporting the notion that exec- 109

utive/prefrontal dysfunctions should be considered 110

the main predictor of memory impairment in bvFTD 111

[23, 24]. One possible explanation for this discrep- 112

ancy is that only a proportion of bvFTD patients show 113

“true amnesia” [11]. Indeed, a bi-modal distribution 114

of FCSRT performance has been observed in bvFTD 115

patients, with approximately 50% of patients pre- 116

senting with storage and consolidation deficits, while 117
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the other half showed impairments in encoding and118

retrieval strategy [9].119

To our knowledge, no previous study has attempted120

to delineate executive and memory dysfunction in121

amnestic versus non-amnestic bvFTD. The current122

study is aimed at addressing this issue by taking a123

data-driven approach to investigate the relationship124

between executive task performance and memory125

scores from the FCSRT in a large group of bvFTD126

patients, the majority of which had biomarker data127

to support their diagnoses. To explore the impact128

of executive dysfunction on memory performance,129

bvFTD patients were split into amnestic versus non-130

amnestic subgroups and contrasted to age-matched131

healthy controls.132

MATERIALS AND METHODS133

Participants134

A total of 180 participants were included in this135

study. We included bvFTD patients with memory136

impairment if other core diagnostic criteria were137

present [2]. All bvFTD patients were selected from138

the database of the Memory and Alzheimer Insti-139

tute of the Pitié-Salpêtrière Hospital (IM2A Paris,140

France). All patients underwent extensive neuropsy-141

chological assessment as well as T1-MRI (and/or142

SPECT imaging). From an initial sample of 111143

patients, we retained 71 bvFTD patients. A total of144

39 patients were excluded from the study because145

of missing cognitive data, concomitant motor-neuron146

disease, vascular lesions, or alcoholism (n = 17);147

atypical clinical and imaging evolution compatible148

with the diagnosis of non-progressive bvFTD—or149

phenocopy (n = 12); the presence of an AD biomarker150

profile as revealed by CSF analyses following a151

lumbar puncture (n = 8); atypical evolution not in152

accordance with initial diagnosis (i.e., clinical and153

cognitive improvement, n = 2). One last patient was154

excluded because French was not his native language.155

Of these 71 patients who received a clinical diag-156

nosis of bvFTD on the basis of clinical, cognitive157

and imaging examinations, 60.6% (n = 43) had addi-158

tional diagnosis confirmation either through normal159

cerebrospinal fluid (CSF) measures of phospho-tau,160

total-tau, and amyloid-� levels (n = 28), or through161

positive genetic testing (n = 15).162

From an initial sample of 69 participants, we163

retained 60 controls. They were volunteers recruited164

through the Biomage (ANR-07-LVIE-002-01) and165

Imabio3 studies (PHRC 2010) in France (n = 27) or166

through the Cognitive Neurology and Dementia Unit, 167

Hospital del Salvador, University of Chile (n = 33). 168

Among the original sample (n = 69), 100% underwent 169

a neuropsychological examination and a T1 MRI and 170

43.5% (n = 30) underwent 11C-PiB-PET imaging. On 171

the basis of these examinations, we excluded 6 con- 172

trols with abnormal atrophy of the brain or significant 173

vascular signs and 3 controls with positive amyloid 174

imaging (global 11C-PiB >1.4). Among the controls 175

who underwent the amyloid imaging, all other par- 176

ticipants had a negative amyloid imaging defined by 177

a global 11C-PiB retention lower than 1.4. No differ- 178

ences were observed on age, education, and screening 179

(Frontal Assessment Battery (FAB) and Mini-Mental 180

State Examination) measures between French and 181

Chilean controls. 182

Biological and clinical data of patients were col- 183

lected during the routine clinical workup and were 184

retrospectively extracted for the purpose of this 185

work. The ethics and scientific committees of the 186

East Metropolitan Health Service, Chile Univer- 187

sity (Chile) and Pitié-Salpêtrière hospital (France) 188

approved the recruitment and testing of controls and 189

all provided written informed consent. 190

Assessment of memory 191

All participants underwent the FCSRT, a memory 192

test based on a semantic cueing method that con- 193

trols for effective encoding of 16 words and facilitates 194

retrieval by semantic cueing. Immediate cued recall 195

was tested in a first phase to control for encoding 196

(Encoding score). Then, the memory phase was per- 197

formed in three successive trials. Each trial included 198

a free recall attempt consisting of spontaneous recall 199

of as many items as possible, then a cued recall 200

attempt using an aurally presented semantic category 201

for items that were not spontaneously retrieved by 202

the patients. The same semantic cue given during 203

the initial encoding stage was used. This provided 204

a free recall score and a cued recall score (max- 205

imum score = 48). We computed a percentage of 206

sensitivity to cues (free recall score – total recall 207

score)/(total recall score – 48). Following a delay of 208

30 min, a final recall trial was performed, providing 209

free and cued delayed recall scores (maximum score 210

= 16). 211

Based on cut-offs recommended by normative data 212

for the FCSRT (total recall score), bvFTD patients 213

were divided into subgroups of patients presenting 214

with an ‘amnesic’ profile (n = 33, amnestic-bvFTD) 215

and a ‘non-amnesic’ profile (n = 38, nonAmnestic- 216
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bvFTD), in line with previously reported procedures217

[25].218

Assessment of executive functioning219

The FAB [26] and phonemic and category fluency220

tests as well as forward and backward digit spans221

were administered to all participants.222

Statistical analyses223

Statistical analyses were conducted with IBM224

SPSS 20. Demographic and clinical variables were225

analyzed using Mann-Whitney test and ANOVAs.226

All cognitive variables were then standardized (trans-227

formed to z-scores) based on data from the control228

group’s performance.229

To determine how closely EF and memory sub-230

processes were related, we used a two-step approach.231

As a first step, hierarchical cluster analysis using232

Ward’s method was used to determine how closely233

EF and memory sub-processes were related. Briefly,234

the cluster analysis defines each variable as an indi-235

vidual cluster; clusters are then sequentially merged236

as per their squared Euclidean distance in a geo-237

metric space where the number of variables set the238

number of dimensions. The clusters extracted from239

the optimal model are then plotted on a dendrogram240

representing the relationships of similarity among241

the group of variables. As a second step, a princi-242

pal component analysis was conducted only on EF243

measures, in order to extract a single component of244

executive functioning. Correlations (Spearman’s rank245

coefficient) between this EF factor and the memory246

scores were then analyzed with age as a nuisance247

variable.248

Finally, to determine which specific measures of249

EF significantly impact memory performance and to250

what extent, an automatic linear modeling analysis251

was employed.252

RESULTS253

Group comparisons254

Demographic and cognitive scores are presented255

in Table 1 and Fig. 1, as well as significant dif-256

ferences observed in the ANOVA or in post hoc257

comparisons between groups. No differences on age258

and education were observed. Disease duration and259

Mini-Mental State Examination scores did not differ260

across patients’ subgroups. Controls outperformed261

patients on all cognitive measures. Patients did not 262

differ on digit spans and FAB scores, but amnestic- 263

bvFTD patients obtained lower fluency scores than 264

nonAmnestic-bvFTD patients. Results were identical 265

after controlling for age. 266

First step: Relationship between EF and memory 267

processes 268

Hierarchical clustering architecture 269

Results from the hierarchical cluster analysis are 270

shown on Fig. 2. On these dendrograms, similar vari- 271

ables were joined at earlier stages (bottom of each 272

dendrogram), whereas those which were less similar 273

were joined at later stages of the analysis (at the top). 274

In the amnestic-bvFTD group (Fig. 2A), four distinct 275

clusters were identified: an attention/working- 276

memory cluster composed from digit spans forward 277

and backward, a pure EF cluster composed from FAB 278

and semantic and lexical fluency, and two pure mem- 279

ory clusters, one composed from encoding, free recall 280

and delayed free recall and finally, one composed 281

from cued and delayed cued recall and recognition. In 282

the nonAmnestic-bvFTD group (Fig. 2B), five clus- 283

ters were identified: a pure EF cluster with FAB and 284

fluency, an attention/working-memory cluster with 285

digit spans forward and backward, a pure memory 286

cluster with encoding, free and delayed free recalls, 287

another memory cluster composed from cued recall 288

and recognition, and an isolated delayed cued recall 289

cluster. In the control group (Fig. 2C), one pure mem- 290

ory cluster was identified (composed from cued and 291

delayed cued recalls), a pure executive cluster (span 292

and fluency), an isolated recognition cluster and a 293

mixed cluster with encoding, free and delayed free 294

recalls as well as FAB. 295

Correlations with the EF component 296

In the amnestic-bvFTD group, no significant 297

correlations were observed between the EF com- 298

ponent extracted from the principal component 299

analysis and the memory scores. In non-amnestic 300

patients, encoding was significantly correlated with 301

the EF component (R = 0.50, p < 0.05). In con- 302

trols, free recall, total (free+cued) recall, total 303

(free+cued) delayed recall, and sensitivity to cueing 304

were significantly correlated with the EF compo- 305

nent (respectively R = 0.27; R = 0.58; R = 0.32; and 306

R = 0.52 all p < 0.05). Results were similar when 307

including age as a nuisance covariate. 308
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Fig. 1. Performance (z-scores) of amnestic bvFTD, non-amnestic bvFTD and controls at (A) the Free and Cued Selective Reminding Test
(FCSRT) for encoding, free recall, total recall, delayed free recall, delayed total recall and recognition subscores and (B) at the digit span
forward & backward, semantic, and lexical verbal fluency and Frontal Assessment Battery (FAB).

Fig. 2. Dendrogram using Ward’s linkage, showing the hierarchical cluster architecture of memory and executive scores for (A) amnestic
bvFTD, (B) non-amnestic bvFTD and (C) controls. Green variables represent executive function measures and blue variables represent Free
and Cued Selective Reminding Test (FCSRT) subscores. FAB, Frontal Assessment Battery.
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Table 1
Demographics and neuropsychological tests differences between groups

Amnestic NonAmnestic Controls (n = 60) Differences
bvFTD bvFTD <0.01
(n = 33) (n = 38)

Demographics and screening test
Age (years) 64.89 (13.71) 66.74 (9.35) 68.78 (7.05) N.S.
Education (years) 11.15 (3.66) 11.67 (3.77) 12.81 (3.04) N.S.
Disease duration (years) 3.41 (2.03) 3.27 (2.27) – N.S.
MMSE (/30) 24.42 (3.97) 23.03 (3.82) 29.22 (0.93) ∗, b, c

Executive functioning
Digit span forward 4.78 (0.94) 5.64 (1.47) 5.82 (1.25) ∗
Digit span backward 3.07 (0.73) 3.68 (1.25) 4.07 (0.99) ∗, b

FAB (/18) 11.10 (3.60) 13.20 (2.91) 16.95 (1.17) ∗, b, c

Lexical fluency 4.90 (3.66) 7.47 (3.76) 19.00 (6.10) ∗, a , b, c

Semantic fluency 9.03 (4.01) 13.31 (4.37) 25.37 (10.14) ∗, a , b, c

Memory processes (FCSRT)
Encoding (/16) 10.84 (3.84) 14.57 (1.73) 15.42 (0.78) ∗, a , b

Free recall (/48) 10.12 (6.20) 20.32 (5.84) 31.36 (5.52) ∗, a , b, c

Cued recall (/48) 17.45 (7.57) 23.84 (4.85) 15.05 (5.06) ∗, a , b, c

Total recall (/48) 27.58 (9.94) 44.16 (3.17) 46.41 (1.85) ∗, a , b, c

Sensitivity to cues (%) 47.21 (18.83) 86.78 (9.94) 90.76 (11.11) ∗, a , b

Delayed free recall (/16) 2.54 (2.19) 7.00 (2.66) 11.71 (2.22) ∗, a , b, c

Delayed cued recall (/16) 6.61 (3.11) 8.06 (1.93) 4.02 (2.11) ∗, b, c

Delayed total recall (/16) 9.43 (4.06) 15.06 (1.37) 15.73 (0.52) ∗, a , b

Recognition (/16) 14.89 (1.49) 15.62 (1.72) 16 (0) ∗, a , b, c

Maximum test scores (where applicable) indicated in brackets; Mean (Standard deviation). N.S., non-significant;
MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; FCSRT, Free and Cued Selective
Reminding Test. ∗p < 0.01 for ANOVA; ap < 0.01 between bvFTD subgroups; bp < 0.01 between Controls and
amnestic patients; cp < 0.01 between controls and non-amnestic patients.

Second step: Influence of EF measures on309

bvFTD’s memory performance310

Automatic linear modeling311

In order to explore which EF measure could312

influence the memory performance in bvFTD, all313

EF measures were entered in an automatic linear314

model as predictor variables and each memory score315

was sequentially considered as the target variable.316

This analysis was run in both bvFTD subgroups. In317

amnestic-bvFTD, the results showed that the only318

memory score to be significantly (p < 0.05) pre-319

dicted by EF performance was free recall, but to a320

minor extent (12.7% of its variance was predicted321

by semantic fluency performance). EF also appeared322

to influence encoding and total recall performances323

(respectively predicting 4.5% and 4.6% of variance),324

but this link was non significant. EF did not influ-325

ence any of the remaining processes (namely free326

and total delayed recalls, recognition and sensitiv-327

ity to cues). In non-amnestic bvFTD, no significant328

effect of EF performance on memory processing was329

observed. Although EF influenced encoding, free330

recall and recognition performance (respectively to331

4.3%, 4.3% and 6.8% of their variance), this failed to332

reach statistical significance.333

DISCUSSION 334

These data-driven results clearly show that, in 335

bvFTD, memory processes were overall independent 336

from executive functioning regardless of the amnes- 337

tic presentation of the disease. First, the clustering 338

approach shows how memory scores were distinct 339

from executive measures in both amnestic and non- 340

amnestic presentation of bvFTD. By contrast, this 341

relationship between EF and memory was stronger 342

in controls, as the FAB clustered with encoding as 343

well as free and delayed recall. In line with this 344

result, the correlation analysis showed that, while 345

the EF component extracted from the principal com- 346

ponent analysis was not correlated with any of the 347

memory scores in amnestic-bvFTD, it was corre- 348

lated with encoding performance in non-amnestic 349

patients and with free recall, total recall, sensitivity 350

to cueing, and free delayed recall scores in controls. 351

Taken together, these results suggest that memory 352

performance in bvFTD is largely independent from 353

executive functioning, while it is correlated with 354

EF in healthy elderly controls. This indicates that 355

memory and executive function in bvFTD might be 356

more independent than previously thought and that 357

the episodic amnesia observed in amnestic-bvFTD 358
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cannot be solely explained by an impairment of exec-359

utive/prefrontal functions alone.360

In a second step, we investigated the specific con-361

tribution of EF measures on memory performance362

in bvFTD through an automated linear modeling363

approach. By contrast to the clustering and correla-364

tion analyses, this approach considered each memory365

score independently from the others, allowing a more366

specific investigation of which EF score contributed367

to which memory process. We observed that in both368

amnestic and non-amnestic subgroups of bvFTD, the369

influence of EF was negligible. In sum, converging370

evidences from the different statistical approaches371

showed that the contribution of EF on memory pro-372

cesses is not only weaker that what was assumed in373

bvFTD, but also qualitatively different from what was374

expected.375

Numerous studies have demonstrated that pre-376

frontal cortex is critical in various aspects of episodic377

memory, such as encoding and retrieval [15, 17, 18,378

27, 28]. In more detail, it has been suggested that PFC379

dysfunction disrupts the executive processes involved380

in voluntary encoding and retrieval processes and381

particularly in the organization of information nec-382

essary for an optimal encoding as well as the use383

and monitoring of efficient retrieval strategies needed384

to recall these information [28]. This view is shared385

by many authors who consider executive/prefrontal386

processes as critically involved in memory process-387

ing [29, 30]. Historically, these conceptions explain388

why the memory deficits observed in bvFTD were389

exclusively attributed to executive/prefrontal dys-390

functions [23, 24, 31]. Prefrontal atrophy is indeed391

characteristic of bvFTD [32] and damage to this par-392

ticular region has been related to core symptoms of393

bvFTD, such as behavioral dysfunction, social cog-394

nition deficit or executive impairment [19, 33, 34].395

In addition, several studies have observed signifi-396

cant relationship between PFC atrophy and memory397

performance in bvFTD [5, 35], although so far, no398

study explored this link using tests that target the399

specific processes of episodic memory. The con-400

tribution of other episodic memory structures has401

also to be investigated in bvFTD. Indeed, in bvFTD,402

significant postmortem pathology occurs in the hip-403

pocampus, even in patients dying early during the404

course of the disease [36, 37] and recent in vivo405

investigations have shown that atrophy of the hip-406

pocampus could be as severe in bvFTD than it is in407

AD [11, 13]. Furthermore, one neuropsychological408

investigation of memory performance in bvFTD with409

biological evidence of the diagnosis has shown that410

memory storage and consolidation processes—that 411

are hippocampus-mediated processes—could also 412

be impaired in bvFTD [9]. Taken together with a 413

previous study having highlighted the correlation 414

between episodic memory deficit and hippocampal 415

degeneration in bvFTD [38], this highlight a broader 416

involvement of atrophy within the brain, thus includ- 417

ing other regions such as the hippocampus. 418

In line with these results, we believe that our 419

findings in amnestic and non-amnestic subgroups 420

of bvFTD reflect different PFC and hippocampal 421

integrity. While both amnestic and non-amnestic 422

patients presented with executive dysfunction char- 423

acteristic of a PFC involvement, only the memory 424

profile of amnestic-bvFTD patients revealed a typi- 425

cal pattern of hippocampal atrophy, with storage and 426

consolidation deficit [39, 40]. Consecutively, it may 427

explain why the relationship between EF impairment 428

and encoding difficulties is closer in non-amnestic 429

patients than it is in amnestic patients. Indeed, EF 430

impairment and encoding deficits may rely on the 431

same PFC involvement in non-amnestic patients. By 432

contrast, this relationship is weak in amnestic patients 433

as EF and memory deficit are related to the involve- 434

ment of different brain regions, respectively the PFC 435

and the hippocampus. By extension, the stronger rela- 436

tionship between EF and memory in controls may 437

reveal a stronger dependency of memory processing 438

on EF, which support strategic aspects of episodic 439

memory. It may also reflect the subtle and normal 440

age-related cognitive decline affecting both exec- 441

utive and memory functioning [41–44] as well as 442

prefrontal and hippocampal age-related grey mater 443

loss (for a review, see [45]). Taken together, this 444

different normal and pathological neural involve- 445

ment would explain why the contribution of EF 446

seems to decrease as a function of amnestic impair- 447

ment, as it seems more important in controls than 448

in non-amnestic patients and more important in non- 449

amnestic patients than in amnestic patients. In sum, 450

the results of the present study highlight that EF 451

involvement has only a negligible influence on the 452

memory impairments observed in bvFTD, in contrary 453

to what was previously thought. These results also 454

show that bvFTD patients could suffer from a gen- 455

uine amnesia characterized by a deficit in memory 456

storage and consolidation that could not be explained 457

by EF deficits or PFC involvement but are more likely 458

to be attributed to the hippocampus degeneration that 459

could be observed in this disease. 460

This study has clear clinical implications. At 461

present, the relative preservation of episodic memory 462
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and the presence of executive dysfunctions are among463

the diagnostic criteria of bvFTD [2]. Thus, not only464

the episodic amnesia in bvFTD is underestimated but465

it is also presumed to be predominantly explained466

by executive dysfunction. Our finding contradict this467

idea by showing that, in a bvFTD population where468

the majority of patients have biomarkers support-469

ing the diagnosis, EF has only a little influence on470

memory performance, in both amnestic and non-471

amnestic form of the disease. These findings also472

suggest that, although the FCSRT was proposed as473

a useful clinical diagnostic tool to objectively assess474

the presence of an episodic amnesia in AD [46], cau-475

tion should be observed when interpreting results for476

the purpose of differential diagnosis for bvFTD. This477

highlights the importance of a diagnosis relying on a478

clinical-biological entity supported by the evidence479

of positive pathophysiological biomarker. However,480

as such examination are not always possible, one pos-481

sibility is that the FCSRT can be used alongside tests482

of social cognition (like the mini-Social cognition483

& Emotional Assessment) that have been shown to484

reliably distinguish bvFTD from AD regardless of485

amnestic presentation of bvFTD [25]. Another neu-486

ropsychological way of distinguishing bvFTD from487

AD is the use of spatial navigation tests, which have488

been found to be specifically impaired in AD [49].489

This study is to date, the first data-driven investi-490

gation of the relationship between EF and memory491

processes bvFTD by taking the level of amnesia into492

account. Despite describing this relationship through493

converging statistical evidence on large groups of494

bvFTD patients and controls, our approach was lim-495

ited by the range of the neuropsychological tests that496

we used. Similarly, in this study, we clubbed phone-497

mic and category fluency under executive measures;498

even though these tests rely on executive processes,499

they also rely heavily on other non-executive cog-500

nitive processes such as semantic memory. Future501

studies should use a larger range of EF measures502

to extend our findings, especially in including neu-503

ropsychological EF tests that tap into PFC subregions504

that may not be measured by the tests that we505

used, such as the ventral parts of the PFC. As an506

example, the Hayling test which taps into more507

ventral lateral and medial PFC regions [33, 47]508

could be particularly interesting to relate to mem-509

ory processes as these PFC regions have been also510

shown to be involved in episodic encoding and511

semantic retrieval [48]. Finally, future investigations512

of the FCSRT would benefit from incorporating513

structural or functional neuroimaging to clarify the514

neural mechanisms underlying memory performance 515

in bvFTD. Despite these shortcomings, the results 516

should further improve the diagnostics and disease 517

management of bvFTD. 518
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