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Abstract.13

Background: Neuropsychological assessment is still the basis for the first evaluation of patients with cognitive complaints.
The Free and Cued Selective Reminding Test (FCSRT) generates several indices that could have different accuracy in the
differential diagnosis between Alzheimer’s disease (AD) and other disorders.
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Objective: In a consecutive series of naturalistic patients, the accuracy of the FCSRT indices in differentiating patients with
either mild cognitive impairment (MCI) due to AD or AD dementia from other competing conditions was evaluated.
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Methods: We evaluated the accuracy of the seven FCSRT indices in differentiating patients with AD from other competing
conditions in 434 consecutive outpatients, either at the MCI or at the early dementia stage. We analyzed these data through
the receiver operating characteristics curve, and we then generated the odds-ratio map of the two indices with the best
discriminative value between pairs of disorders.
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Results: The immediate and the delayed free total recall, the immediate total recall, and the index of sensitivity of cueing
were the most useful indices and allowed to distinguish AD from dementia with Lewy bodies and psychiatric conditions with
very high accuracy. Accuracy was instead moderate in distinguishing AD from behavioral variant frontotemporal dementia,
vascular cognitive impairment, and other conditions.
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Conclusion: By using odd-ratio maps and comparison-customized cut-off scores, we confirmed that the FCSRT represents
a useful tool to characterize the memory performance of patients with MCI and thus to assist the clinician in the diagnosis
process, though with different accuracy values depending on the clinical hypothesis.
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INTRODUCTION 31

The Free and Cue Selective Reminding Test 32

(FCSRT) [1] assesses verbal memory under condi- 33

tions that control for cognitive processing during 34

encoding and elicits learning and recall by cueing. 35

ISSN 1387-2877/$35.00 © 2022 – IOS Press. All rights reserved.
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It is one of the most widely used test for identifying36

the amnestic syndrome of the medial temporal type,37

although often referred to as a test of ‘episodic’ mem-38

ory, it in fact assesses semantic context-free memory39

rather than contextualized episodic memory with a40

specific reference to space and time [2]. The FCSRT41

presents two main advantages when compared to42

other memory tests. Firstly, the encoding of item is43

controlled by cueing to rule out attention disorder.44

Secondly, semantic cueing enhances the informa-45

tion retrieval thus distinguishing between the recall46

deficit due to frontal lobe dysfunction and the gen-47

uine storage deficits that is typical of Alzheimer’s48

disease (AD). This amnestic syndrome, character-49

ized by a poor free recall which is not (or only50

marginally) improved by cueing, is the core of AD51

typical presentation [3] even at a prodromal stage [4,52

5], also according to the IWG criteria [6, 7] and the53

JPND consensus [8]. According to research evidence,54

FCSRT can differentiate patients with AD dementia55

(ADD) from healthy controls [9], patients with mild56

cognitive impairment due to AD (MCIAD) [6] from57

MCI patients who did not convert to dementia [5],58

as well as MCI patients, including those with ‘incipi-59

ent AD’, from healthy controls [10]. Furthermore, the60

FCSRT was found to differentiate patients with ADD61

from 1) both vascular dementia (VaD) and behav-62

ioral variant frontotemporal dementia (bvFTD) [11],63

2) bvFTD [12], 3) prodromal dementia with Lewy64

bodies (DLB) [13], and 4) progressive supranuclear65

palsy (PSP), Huntington’s disease, and Parkinson’s66

disease dementia (PDD) [14]. However, these data are67

not conclusive and studies assessing several indices68

of the FCSRT and their related cut-offs to differenti-69

ate AD from other competitive conditions are limited.70

The published studies so far present, however, some71

limitations. Firstly, they are mainly focused on the72

comparison of pre-selected patient groups or cohorts73

such as in the Lemos et al. study [12], while the74

clinical usefulness of the FCSRT in the evaluation75

of an unselected, consecutive naturalistic population76

accessing a memory clinic because of memory com-77

plaints has been poorly investigated. Moreover, the78

majority of studies focused on each single FCSRT79

score such as in the Bussè et al. [13] one, while the80

clinical practice tells us that often the appraisal of a81

combination of scores is more meaningful.82

Indeed, memory impairment due to medial tem-83

poral structures does not necessarily underline a84

diagnosis of AD, as it may be present to some extent85

in other conditions too. For instance, medial tem-86

poral lobe (MTL) atrophy may be found in patients87

with VaD [15] and semantic dementia [16], and more 88

specifically hippocampal atrophy in Parkinson’s dis- 89

ease dementia [17] and bvFTD [18], and a variety of 90

other clinical conditions [19]. 91

Lastly, Teichmann et al. [20] reported that the gen- 92

uine memory deficit, as measured by the FCSRT, 93

was found in 105 (27%) out of 385 patients with a 94

diagnosis other than AD or depression. Indeed, the 95

FCSRT probes the usefulness of semantic cues to 96

improve recall and characterize the presence of a gen- 97

uine memory deficit. As reported above, however, 98

it is known that a MTL amnestic syndrome can be 99

observed also in a part of patients affected with other 100

conditions [19]. 101

However, the FCSRT presents with several indices, 102

including measures of free recall, cued recall, facil- 103

itation of cueing, and intrusions. These indices 104

could have different accuracy in the differen- 105

tial diagnosis between AD and other competing 106

pathologies, including both neurodegenerative and 107

non-neurodegenerative (e.g., vascular, psychiatric) 108

conditions. Moreover, a given index may not nec- 109

essarily represent the best performance in every 110

comparison. 111

In a consecutive series of naturalistic patients, we 112

aimed to evaluate the accuracy of the several FCSRT 113

indices in differentiating patients with either MCIAD 114

[4] or ADD from other competing conditions at their 115

first presentation to a tertiary memory clinic. 116

METHODS 117

Patient cohort and diagnosis procedure 118

We retrospectively selected all consecutive outpa- 119

tients who presented with memory complaints, for 120

the first time to our University hospital memory clinic 121

in a 4-year period. We selected 501 outpatients, but 122

we only enrolled those who completed the diagnos- 123

tic process and that were regularly followed-up for at 124

least one year after baseline to have their diagnosis 125

confirmed (or revised) according to clinical follow- 126

up and results of supplementary investigations. Main 127

inclusion/exclusion criteria are listed in supplemen- 128

tary methods. 129

The final cohort included 434 participants (249 130

females), aged 43–88 years (mean 74.51 ± 7.46). 131

These outpatients underwent general and neurologi- 132

cal examinations, brain magnetic resonance imaging 133

(MRI) (or computed tomography in the case MRI 134

was unfeasible due to contraindications), complete 135

blood and urine screening tests, and neuropsycho- 136
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logical assessment that included the FCSRT. The137

presence of leukoaraiosis and/or small white matter138

vascular lesions was not considered as an exclusion139

criterion.140

This cohort was divided into 12 groups accord-141

ing to the diagnosis confirmed at the last follow-up142

visit 1–6.8 years (mean 2.09 ± 1.23) later, follow-143

ing the current diagnostic criteria. Reportedly 108144

patients were diagnosed with ADD and 66 with145

MCIAD [4]. Among these 174 patients, one-hundred146

and forty-two patients (82%) performed [F-18]147

fluorodeoxyglucose positron emission tomography148

(FDG- 7 PET) and, among them, amyloid PET was149

also performed in 49 patients and cerebrospinal fluid150

biomarker assay in other 18 patients. The diagnosis151

of probable DLB (12 patients), bvFTD (36 patients),152

probable PSP (7 patients), and probable vascular153

cognitive impairment (VCI) (23 patients) was based154

on current criteria [21–24] including the clinical-155

neuropsychological evaluation and biomarkers such156

as brain MRI [21–24], FDG-PET for bvFTD [21], [I-157

123] Ioflupane single photon emission tomography158

or [I-123] metaiodobenzylguanidine cardiac scintig-159

raphy for DLB [22], and FDG-PET for PSP [23].160

Sixty-nine subjects presented phenotypic features161

suggesting a possible organic disorder as the basis162

of their cognitive impairment but in whom the neu-163

rologic work-up was normal and the final diagnosis164

turns out to be psychiatric, i.e., mild-to-moderate165

depression (DEP), 19 patients with various etiolo-166

gies (miscellaneous) (MISC), 13 with other minor167

psychiatric disorders (PSYCH) (such as minor anx-168

iety disorders with cognitive complaints), 11 with169

suspected non-Alzheimer pathology (SNAP), and170

41 subjects had subjective cognitive decline (SCD).171

Twenty-nine patients were affected with MCI of172

undetermined origin (unclassified MCI, unclMCI);173

this diagnosis occurred when the clinician was174

not confident enough to label the MCI syndrome175

as due to a specific condition. The MISC group176

mainly included patients with idiopathic REM sleep177

behavior disorder, sleep apnea syndrome, or essen-178

tial tremor with cognitive complaints. The PSYCH179

group was mainly composed of patients with minor180

affective disorders. All subjects signed an informed181

consent in accordance with the Declaration of182

Helsinki.183

Cognitive testing184

All subjects underwent a full neuropsycho-185

logical assessment during the initial work-up,186

which included the Mini-Mental State Examination 187

(MMSE), the FCSRT (Italian word version of the 188

FCSRT-16 [25]) and other cognitive tests evaluating 189

memory, attentional, executive, visuospatial, and lan- 190

guage functions. The seven indices of FCSRT were 191

computed: 1) the total number of words recalled in 192

the three immediate free recall trials (IFR score range 193

0–48), 2) the sum of free and cued recall for each ses- 194

sion providing an immediate total recall score (ITR 195

score range 0–48), 3) the delayed free recall (DFR 196

score range 0–16), 4) the sum of the delayed free 197

and cued recall is the delayed total recall (DTR score 198

range 0–16), 5) the recognition phase (RP score range 199

0–16), 6) the number of intrusion words (IW) during 200

free recall, and 7) the Index of Sensitivity of Cueing 201

(ISC score range 0–1) to evaluate the effectiveness 202

of semantic cues to improve the recovery of stored 203

words. The Index of Sensitivity of Cueing score is the 204

amount of information really encoded despite failure 205

at free recall, and is computed as follows: (immediate 206

total recall score – immediate free recall score)/(48– 207

immediate free recall score). 208

Statistical analysis 209

One-way ANOVAs were used to compare age, edu- 210

cation, and MMSE score among the 12 groups. Sex 211

distribution was compared by means of the Chi square 212

test. The FCSRT index scores between either ADD or 213

MCIAD group and every other group were compared 214

by using unpaired t-test. The t-test between diagnos- 215

tic groups has been applied to underline the coarse 216

differences in FCSRT indexes, whose results are sum- 217

marized in Table 1. We also combined the ADD 218

and the MCIAD groups to generate an AD group 219

as they share the same underlying pathology. In all 220

the aforementioned analyses, we used the Bonferroni 221

correction to control for multiple comparisons and we 222

set the statistical significance level at p(Bonferroni) 223

<0.05. 224

We then analyzed the dataset to highlight the role of 225

each FCSRT index and the relationship with the var- 226

ious diagnoses. The analysis consisted of four steps. 227

First, we selected two diagnostic groups; second, for 228

each FCSRT index we computed the AUC value with 229

bootstrap and the balanced cut-off; third, we selected 230

the two most-discriminant FCSRT indexes based on 231

the highest most likely AUC values (statistics given 232

by the bootstrap); fourth, we cycled on every possible 233

choice of the diagnostic groups. 234

Clearly, the first and the second best index 235

depended on the group pair. We then estimated the 236
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Table 1
Demographic characteristics, MMSE score, and FCSRT index scores of the clinical groups

Gender Age (y) Education (y) MMSE IFR ITR DFR DTR ISC RP IW
M/F M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD

ADD (n 108) 42/66 75.55 ± 6.31 9.49 ± 4.25 25.11 ± 2.37 7.46 ± 5.48 22.67 ± 10.70 1.92 ± 2.55 7.31 ± 4.10 0.39 ± 0.22 13.31 ± 2.66 0.50 ± 1.55
MCIAD (n 66) 28/38 76.17 ± 5.22 9.82 ± 4.23 26.91 ± 2.37 9.82 ± 7.82 25.85 ± 12.26 2.91 ± 3.48 8.11 ± 4.78 0.46 ± 0.26 13.21 ± 3.30 0.36 ± 0.78
AD (n 174) 70/104 76.23 ± 6.47 9.61 ± 4.24 25.79 ± 2.39 8.36 ± 6.55 23.87 ± 11.39 2.29 ± 2.96 7.61 ± 4.37 0.42 ± 0.24 13.27 ± 2.91 0.45 ± 1.31
VCI (n 23) 11/12 78.61 ± 5.61 10.52 ± 4.35 27.78 ± 2.43 16.13 ± 9.17∗ 37.13 ± 10.66∗ 6.52 ± 4.09∗ 12.78 ± 4.09∗ 0.72 ± 0.24∗ 13.96 ± 3.08 0.13 ± 0.34
DLB (n 12) 7/5 77.67 ± 5.18 11.00 ± 3.30 24.58 ± 3.02 16.33 ± 6.55∗ 40.83 ± 4.99∗ 7.50 ± 3.09∗ 14.58 ± 1.62∗ 0.79 ± 0.12∗ 15.66 ± 0.65 0.33 ± 0.89
bvFTD (n 36) 15/21 74.50 ± 7.18 8.28 ± 4.05 26.06 ± 2.46 12.75 ± 7.27∗ 32.39 ± 13.09∗ 4.75 ± 3.76∗ 11.28 ± 4.70∗ 0.60 ± 0.27∗ 14.03 ± 3.07 0.25 ± 0.50
DEP (n 69) 19/50 71.90 ± 7.96 9.71 ± 4.58 27.97 ± 2.23 19.52 ± 10.09∗ 40.06 ± 9.14∗ 7.81 ± 4.27∗ 13.36 ± 3.40∗ 0.78 ± 0.21∗ 14.97 ± 2.45∗ 0.28 ± 0.68
PSP (n 7) 5/2 75.29 ± 3.30 7.29 ± 3.68 26.57 ± 2.06 13.86 ± 7.01 34.14 ± 11.84 4.71 ± 3.04 11.71 ± 4.39 0.63 ± 0.25 15.57 ± 0.53 0.57 ± 0.98
SNAP (n 11) 6/5 75.27 ± 1.85 8.82 ± 4.05 27.73 ± 2.00 8.55 ± 5.22 28.00 ± 11.14 2.73 ± 2.45 9.27 ± 5.08 0.51 ± 0.22 14.18 ± 2.14 0.18 ± 0.40
unclMCI (n 29) 13/16 78.25 ± 6.22 9.14 ± 4.7 27.0 ± 1.77 11.83 ± 6.39 31.45 ± 10.76 4.14 ± 3.36 10.28 ± 3.93 0.57 ± 0.24 14.0 ± 2.52 0.31 ± 0.60
MISC (n 19) 12/7 71.37 ± 10.28 10.00 ± 4.33 26.74 ± 2.84 16.74 ± 9.45∗ 36.79 ± 11.46∗ 6.74 ± 4.34∗ 11.95 ± 4.58∗ 0.71 ± 0.26∗ 15.05 ± 1.99 0.05 ± 0.23
PSYCH (n 13) 5/8 68.54 ± 10.10 10.08 ± 3.95 26.62 ± 1.94 19.23 ± 9.16∗ 38.31 ± 8.79∗ 7.31 ± 3.75∗ 12.92 ± 2.72∗ 0.71 ± 0.21∗ 15.46 ± 0.97 0.08 ± 0.28
SCD (n 41) 22/19 71.63 ± 10.43 11.56 ± 4.27 29.10 ± 1.14 25.37 ± 6.87∗ 44.59 ± 4.28∗ 10.29 ± 2.83∗ 15.12 ± 1.47∗ 0.87 ± 0.14∗ 15.78 ± 0.61∗ 0.37 ± 0.80

ADD, Alzheimer’s disease dementia; MCI, mild cognitive impairment; AD, ADD+MCIAD (highlighted in orange); VCI, vascular cognitive impairment; DLB, dementia with Lewy bodies;
bvFTD, behavioral variant of frontotemporal dementia; DEP, cognitive presentation of depression; PSP, progressive supranuclear palsy; SNAP, suspected non-Alzheimer’s pathology; unclMCI,
unclassified MCI; MISC, various etiologies; PSYCH, other minor psychiatric disorders; SCD, subjective cognitive decline; IFR, Immediate Free Recall; ITR, Immediate Total Recall; DFR,
Delayed Free Recall; DTR, Delayed Total Recall; ISC, Index of sensitivity of cueing; RP, Recognition Phase; IW, Intrusion Words (DFR phase); ∗comparison between AD and the other conditions
p(Bonferroni)<0.05.
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Fig. 1. Transition from FCSRT data to odds-ratio map. From the left to the right: first column: violin plot (data median as diamond marker)
and 2D histogram of the AD (ADD and MCIAD) group (top) and all pathologies other than AD (bottom). Second column: 3D representation
of the histograms. Third column: kernel-density estimation of the probability density function. Fourth column: contour-plot of the probability
density function. Last column: Odds-ratio plot: light shade = odds >2, dark shade = odds >4, gray contour = 99% of all data estimated from the
probability density function, purple dashed contour = convex hull of all measured data. DTR, Delayed Total Recall; ISC, Index of Sensitivity
of Cueing; AD, Alzheimer’s disease dementia (ADD) patients plus patients with MCI due to AD (MCIAD); non-AD, all other patients. This
figure shows the conceptual process of the OR plots. We consider here the AD group versus all other patients taken together (non-AD). First,
we choose two indexes of the test (here the DTR and ISC) and show the bivariate distribution of the patients together with their marginals
over each item (leftmost plots). The same bivariate distribution is displayed as a 3D histogram (second plots column; AD, top row, red;
non-AD bottom row, green). The bivariate distribution is transformed into a continuous probability density function with a kernel-density
estimation and a Gaussian kernel (the 3D representation in the third plot column). To aid in the visual understanding, the probability density
function is displayed flat in 2D with the aid of iso-probability curves (fourth plots column). Finally, the Bayes factor (odds ratio with equal
a-priori probability) for the AD and non-AD is computed and displayed with shaded areas of increasing odds (last column).

joint probability distribution for the first and the sec-237

ond best index and we computed the Bayes factor238

under the hypotheses of flat odds prior (i.e., the239

posterior odds with two a priori equally probable240

diagnostic hypotheses). A description of the odds-241

ratio map generation is provided in the supplementary242

methods.243

Figure 1 shows an example of all the results. In that244

figure we focused on the contrast between AD versus245

another pathology and test whether the application246

of the two best discriminating indices of the FCSRT247

helps in the discrimination. The odds-ratio map was248

considered as a guideline to assign the diagnostic249

label with various degree of confidence (odds-ratio250

>2 and odds-ratio>4). The odds-ratio map is more251

informative than the cut-off scores as it involves two252

items (hence taking into account their relationship)253

and because it shows the area of poor discrimination254

around a given cut-off.255

Finally, all AUC and confidence intervals were256

computed with a bootstrap method (500 repetitions)257

and the value used to sort them out was the most likely258

outcome of the bootstrap.259

RESULTS 260

Demographics, global cognition, and FCSRT 261

indices (Table 1) 262

No statistically significant differences were found 263

for education (F11,423 = 1.66, p < 0.08) and sex 264

(χ²(11) = 16.466, p < 0.125) among groups. A signifi- 265

cant effect of group was found for age (F11,422 = 4.27, 266

p < 0.0001) and MMSE score (F11,423 = 13.51, 267

p < 0.0001). Post-hoc comparisons showed that 268

unclMCI and VCI were older than DEP, MISC, and 269

PSYCH groups (p < 0.05) and that MMSE score in 270

ADD was lower than in MCIAD, DEP, unclMCI, 271

VCI, SNAP, and SCD groups. Furthermore, MMSE 272

score in MCIAD was higher than in DLB group and 273

lower than in SCD group (p < 0.05). 274

Table 1 shows the comparisons between AD and 275

every other group. Briefly, the IFR, the ITR, the DFR, 276

the DTR, and the ISC were all significantly lower in 277

AD than in DEP, DLB, bvFTD, VCI, MISC, PSYCH, 278

and SCD groups. Conversely, no FCSRT index was 279

significantly different between AD and PSP, SNAP, 280
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or unclMCI, respectively. The RP score was lower in281

AD than in DEP and SCD groups while the IW never282

reached the statistical significance.283

The best FCRST index discriminating any two284

groups285

We took into consideration the most accurate286

FCSRT index, with related cut-off scores derived287

from the ROC analysis, so to differentiate between288

couples of groups (Table 2). For clinical purpose289

we choose to merge ADD and MCIAD together.290

See the Supplementary Material and Supplemen-291

tary Table 1 for the results with ADD and MCIAD292

considered separately. In summary, we found an293

excellent discrimination capability comparing AD294

with SCD (IFR), DLB (ISC), and DEP (ITR). A295

moderate discrimination was instead achieved in the296

comparison between AD and VCI (DFR), PSYCH297

(IFR), MISC (ISC), and bvFTD (DTR), respectively,298

while discrimination between AD and SNAP, PSP, or299

unclMCI, was unsuccessful.300

The forest plot in Fig. 2 shows that some indices301

are more relevant than others, regardless the contrast-302

ing pathology. For instance, IFR and ITR are often303

selected as the first and second best index, followed304

by DFR and ISC. Conversely, IW and RP did not pro-305

vide an adequate discrimination as they were often306

found not to be statistically significant.307

In summary, the ISC, the ITR and the DTR were308

generally the most useful FCSRT indices to dis-309

tinguish AD from the other most common forms310

of cognitive impairment. The best discriminating311

FCSRT indices for the main pairs of comparisons,312

are shown in Supplementary Table S with the relative313

AUC and cut-off scores.314

Odds-ratio maps315

We explored the discrimination power of the odds-316

ratio map between AD and the other competing317

pathologies, when two diagnostic hypotheses are a318

priori and similarly probable. In Table 3, the first and319

second best two indices to discriminate between two320

diagnostic hypotheses are summarized, together with321

the AUC value and the Pearson coefficient between322

the first and the second best index.323

The AUC value for the first best index ranged324

between 0.669 (DFR; AD versus unclMCI) and 0.940325

(IFR; AD versus SCD), while for the second best326

index the AUC value ranged between 0.664 (IFR; AD327

versus unclMCI) and 0.934 (ITR; AD versus SCD).328

The highest AUC value is referred to the compari- 329

son between AD and SCD for all indices while the 330

lowest one is related to the comparison between AD 331

and unclMCI. Moreover, we found an excellent accu- 332

racy between AD and DLB or PSYCH, respectively. 333

Accuracy was instead moderate when comparing AD 334

and bvFTD, PSP, VCI, or MISC, respectively. The 335

AUC values comparing AD with SNAP did not reach 336

statistical significance. 337

Figure 3 shows the comparison between AD and 338

either VCI, DLB, FTD, or DEP while the other com- 339

parisons are shown in Supplementary Figure 1. 340

Thus, in the case of a priori dual diagnostic 341

hypotheses between AD and each of the aforemen- 342

tioned pathologies, the clinician should take into 343

account the two pertinent FCSRT indices on the odds- 344

ratio map to derive the odds of one or the other 345

probable diagnosis. To note, the two indices change 346

according to the diagnostic hypothesis competing 347

with AD. As an example, Fig. 3B shows the case of 348

a differential diagnosis between AD and DLB, using 349

the ISC and ITR values. 350

DISCUSSION 351

Our aim was to evaluate the accuracy of the FCSRT 352

indices applied to a consecutive, naturalistic cohort, 353

while differentiating AD from the main competing 354

disorders in clinical practice, including neurodegen- 355

erative, vascular, psychiatric, or uncertain origin. 356

In the preliminary analysis, our results showed 357

the great utility of the FCSRT in distinguishing AD 358

patients from SCD, DLB, and DEP, while the accu- 359

racy versus bvFTD, VCI, PSYCH, and MISC was 360

moderate. Five out of seven FCSRT index scores were 361

significantly lower in AD than in these other condi- 362

tions, namely the IFR, ITR, DFR, DTR, and the ISC. 363

These results appear to be in line with Teichmann [20] 364

who found that all the FCSRT indices were useful in 365

distinguishing typical AD from the other conditions. 366

Regarding RP and IW, instead, the AD group 367

performed similarly to the other groups, except for 368

DEP and SCD. Visual recognition deficit has been 369

reported in a part of AD and MCI patients [26], 370

but it can be observed, even if to a lesser extent, 371

also in other dementia, such as bvFTD [27] and 372

DLB [28]. The possible reasons why we did not 373

find significant differences in RP between groups 374

are the slight impairment of RP in the other demen- 375

tia groups as well, along with the very mild global 376

cognitive impairment (average MMSE = 25.8) of 377
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Table 2

AUC and cutoff score of the best index that discriminated any two groups

AD VCI DLB bvFTD DEP PSP SNAP unclMCI MISC PSYCH SCD

AD

VCI DFR

0.79[0.66–0.86]

3.03 [1.98–4.69]

DLB ISC RP

0.88 [0.83–0.93] 0.59 [0.51–0.75]

0.62 [0.58–0.71] 15.46 [14.49–15.66]

bvFTD DTR – DTR

0.73 [0.61–0.80] 0.73 [0.57–0.82]

10.68 [9.34–11.94] 14.54 [11.90–15.17]

DEP ITR – – DFR

0.85 [0.78–0.89] 0.70 [0.60–0.78]

35.16 [32.34–37.47] 7.51 [4.54–8.38]

PSP DFR – DFR – DFR

0.74 [0.51–0.85] 0.73 [0.51–0.85] 0.72 [0.56–0.80]

3.81 [0.79–4.55] 7.34 [3.76–8.31] 7.41 [3.44–8.24]

SNAP – DFR ISC – ITR IFR

0.74 [0.57–0.87] 0.88 [0.66–0.97] 0.81 [0.67–0.90] 0.71 [0.48–0.89]

4.28 [2.72–6.67] 0.64 [0.60–0.73] 35.74 [33.67–40.88] 11.82 [7.17–15.44]

unclMCI DFR DTR DTR – ITR –

0.67 [0.57–0.75] 0.68 [0.55–0.79] 0.80 [0.70–0.89] 0.75 [0.65–0.82]

1.49 [0.99–2.38] 13.61 [12.03–14.52] 13.84 [11.80–14.54] 40.71 [36.55–42.28]

MISC ISC – – – – – IFR DFR

0.78 [0.65–0.88] 0.76 [0.58–0.86] 0.68 [0.51–0.80]

0.59 [0.50–0.68] 14.08 [8.61–15.70] 5.34 [3.96–7.11]

PSYCH IFR – – IFR – – DFR DFR

0.83 [0.66–0.92] 0.68 [0.50–0.83] 0.82 [0.62–0.92] 0.73 [0.55–0.85]

12.12 [10.35–15.70] 17.51 [12.46–20.47] 4.44 [3.14–6.43] 4.92 [4.09–6.89]

SCD IFR IFR IFR IFR DFR DFR IFR IFR IFR DFR

0.94 [0.90–0.97] 0.75 [0.65–0.86] 0.82 [0.69–0.90] 0.87 [0.79–0.92] 0.67 [0.57–0.74] 0.88 [0.71–0.95] 0.95 [0.88–0.99] 0.90 [0.81–0.96] 0.74 [0.60–0.85] 0.71 [0.57–0.85]

15.63 [14.57–17.90] 20.24 [17.58–23.59] 21.82 [18.13–23.29] 19.48 [17.22–21.66] 8.90 [7.62–10.15] 7.79 [6.20–8.56] 16.69 [13.54–18.04] 18.01 [15.55–20.39] 20.54 [17.55–24.24] 8.83 [7.38–10.12]

The AUC value and the cut-off scores (lower part of the cell) of the index used to compare group pairs with 95% confidence level (CL) computed with a bootstrap method, are showed. The
cut-off values were computed by balancing sensitivity and specificity, whereas non-significant comparisons are represented by a dash. Statistical significance was established taking into account
the lowest confidence value for the AUC. 95% confidence limits in brackets, AUC and cutoff value of the best index are respectively shown in upper and inferior part of the cell.
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Fig. 2. Forest plot of FCSRT indices with corresponding AUC values in the comparison between AD and other pathologies. In blue the best
first index and in yellow the second best index; the dotted line indicates the 0.5 value of the AUC.

AD patients, therefore less likely showing com-378

promised RP. Instead, we found a significant RP379

difference between AD patients and both DEP and380

SCD patients. While IW score was found to be par-381

ticularly indicative of typical AD [20, 29], in our382

study IW score never reached statistical significance,383

possibly because we included AD patients with very384

mild global cognitive impairment (average MMSE385

score 25.75 ± 2.57), thus rendering intrusions less386

frequent.387

We also failed to find significant FCSRT indices388

score differences between AD and SNAP, unclMCI,389

or PSP. As for SNAP and possibly for unclMCI too,390

this probably occurred because they may share a sim-391

ilar degree of MTL atrophy with AD [30]. As to392

PSP patients, they can show memory impairment in393

learning, consolidation, and retrieval process of the394

information, except in the recognition phase [31, 32].395

Moreover, our PSP sample size was very small.396

As for the discriminative power of individual397

indices (Fig. 2), this depends on the specific group398

comparison and, within the same comparison, many399

indices are equivalent to each other, so they might be400

used interchangeably.401

A relevant aspect concerns the low scores of402

FCSRT that we observed in various conditions other403

than AD, either due to attentional or executive func-404

tions deficit or to a genuine MTL memory deficit405

[33, 34]. Furthermore, the possible presence of cere-406

brovascular pathology in AD [35], the presence of407

atrophy within the memory-network in a part of408

bvFTD patients [34], as well as the explicit memory409

impairment, partly due to the dysexecutive deficit, in410

DLB patients [36], potentially confounded the dif-411

ferential diagnosis based on the FCSRT, at least in412

some patients. Moreover, although our assumption413

admitted ‘pure’ conditions as we considered the most 414

likely diagnosis, pathological studies postulate that 415

comorbid pathologies are rather the rule. 416

Focusing on the comparison between AD and 417

the most common forms of cognitive impairment, 418

i.e., DLB, bvFTD, VCI, and DEP, our findings sug- 419

gested that FCSRT indices could determine a specific 420

disease-dependent profile with an excellent to mod- 421

erately good accuracy, providing the alternate use of 422

different FCSRT indices is warranted. 423

The comparison of the present results, which are 424

predominantly based on varying odd-ratio between 425

couples of pathologies rather than on cut-off scores, 426

with those of previous literature has required the com- 427

putation of sensitivity, specificity and accuracy of the 428

first and the second best index. This index was based 429

on a balanced cut-off score of our naturalistic sample 430

(i.e., data driven approach). 431

Grober et al. [37] compared thirty-five patients 432

with ADD and fourteen patients with VaD using the 433

FCSRT picture version and the established cut-off 434

score [38], finding 0.83 sensitivity, 0.21 specificity, 435

and 0.65 accuracy for the IFR index, and 0.71, 436

0.79, and 0.73 for the ITR index respectively. Those 437

data, even if obtained in a few patients, showed the 438

expected benefit of controlled learning and the impor- 439

tant role of frontal and attentional system in the 440

memory task. In our work, using instead the FCSRT 441

word version, the two best indices that discriminate 442

between AD and VCI were found to be the DFR and 443

the ITR scores. Concerning the ITR index, compa- 444

rable to that used in [37], we found 0.78 sensitivity 445

and 0.70 specificity (accuracy 0.77), thus very simi- 446

lar to their results. All together, these data show that 447

the ITR index has a good accuracy in distinguishing 448

between AD and VCI patients, as in the latter the 449
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Fig. 3. AD group versus VCI (A), DLB (B), bvFTD (C), and DEP (D) groups. In the x-axis the best index and in the y-axis the second best
index to discriminate between two groups. The violet dash dotted line indicates the convex hull of actual data of two groups. The dotted lines
indicate the cut-off value of the two indices. The violin plots show the distribution of patients index score. Diamond is the median value. As
an example, in B, a patient falling in the dark green area would more likely be classified as an AD patient (OR > 4). The odds-ratio decreases
in case the patient would fall in the light green area (OR > 2). The white area is the region of poor diagnostic weight (OR < 2) while the dark
and light orange areas refer to a patient more likely affected with DLB.

frontal-like impairment in elaborative encoding and450

strategic retrieval may benefit from cueing [39].451

Lemos et al. [12] compared thirty-two bvFTD and452

thirty-two AD patients, matched by gender, age, edu-453

cation level, and severity of cognitive decline using454

the FCSRT word version and the established cut-off455

score. They found 0.91 sensitivity, 0.71 specificity456

(accuracy 0.78), for both ITR (cut-off score 27) and457

DTR (cut-off score 8) respectively. In the comparison458

between AD and bvFTD we found 0.74 sensitivity,459

0.64 specificity (accuracy 0.72) for ITR (cut-off score460

32), and 0.78 sensitivity, 0.61 specificity (accuracy461

0.75) for DTR (cut-off score 12). Our findings are462

thus weaker than Lemos’ ones [12] but it is worth463

noting that their AD group was smaller and more 464

severely impaired (MMSE score = 21.22±0.70) than 465

ours (MMSE score = 25.79±2.39). Also, in our study 466

we dealt with a consecutive, naturalistic population 467

and not with a priori selected groups. Apart from 468

these differences in accuracy, our data confirm that 469

roughly a quarter of bvFTD patients exhibit a mem- 470

ory impairment overlapping that of AD patients, in 471

line with the finding of medial temporal lobe atrophy 472

in a part of bvFTD patients [40, 41]. 473

Also, Teichmann et al. [20] found higher FCSRT 474

sensitivity, specificity, and accuracy values (1, 0.62 475

and 0.92, respectively) in distinguishing AD from 476

bvFTD but those data are hardly comparable with 477
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ours as they employed the FCSRT to select AD478

patients meaning that their sensitivity was 100%.479

In DLB, cognitive impairment mainly involves480

attention, executive and visuospatial abilities with481

relative preservation of memory, while, the deficit482

of information retrieval, driven by subcortical-frontal483

regions, is infrequent at milder stages [28]. Bussè et484

al. [13] compared DLB and MCIAD patients using485

the picture version of the FCSRT and found 0.76 sen-486

sitivity, 0.79 specificity (accuracy 0.77) for the ISC487

index, and 0.61 sensitivity, 0.74 specificity (accuracy488

0.67) for the ITR index, thus only moderate discrimi-489

nating values. Our results yielded higher figures as the490

ISC reached 0.79 sensitivity and 0.92 specificity (0.80491

accuracy), and the ITR 0.83 sensitivity and specificity492

(0.83 accuracy). Thus, most patients with DLB ben-493

efit from cues during verbal memory test but about494

20% of them may show a MTL amnesic syndrome495

that cannot be distinguished from that of AD patients.496

In fact, an MRI study carried out in a large European497

cohort [42] have shown that significant medial tempo-498

ral lobe atrophy was found in 17.4% of DLB patients499

by a visual rating scale, thus consistent with approx-500

imately 80% accuracy of the FCSRT. Moreover, the501

co-occurrence of AD pathology is frequent in DLB502

that may contribute to explain this figure.503

A frequent cognitive symptom in depression is504

memory deficit [43]. Fossati et al. [44] employed a505

word version of the FCSRT and found that depressed506

inpatients showed impaired IFR, with normal ITR507

and recognition compared to normal controls. Our508

results shown that ITR and ISC are the best indices509

to distinguish AD from DEP (AUC 0.84). Executive510

deficits and lack of initiative of depressed patients can511

lead to a reduced ability to generate appropriate cues512

in free recall. On the other hand, cued recall could513

minimize the effect of impaired attention, inefficient514

strategies and lack of initiative, typical of depressed515

patients and in line with neuroimaging studies show-516

ing how certain regions of the prefrontal cortex are517

involved in mood regulation and memory processes518

[45, 46].519

Although the use of cut-off values is a stan-520

dard method of evaluation in clinical practice, it521

cannot embed the complexity of the distribution522

describing the data in a given head-to-head com-523

parison. To exploit the information present in the524

several FCSRT indices but neglected when using525

fixed cut-offs, we computed the odds-ratio maps526

that take into account the peculiarities of statistics527

in different groups. The odds-ratio improves clini-528

cal information and helps the clinicians to determine529

more precisely whether a patient belongs to one or 530

another clinical category, deciding between two a 531

priori equally probable hypotheses. In the differen- 532

tial diagnosis process, this could become a practical 533

clinical method, complementary to the cut-off score, 534

that gives more structured information. Moreover, 535

the odds-ratio maps underline that there is always 536

a significant area of indeterminacy around the cut-off 537

score. To generate the odds-ratio map, we restricted 538

the analysis to the two indices with the best discrim- 539

ination value. In principle, one could consider the 540

joint probability distribution using all indices of the 541

FCSRT. However, the resulting map would be much 542

harder to read, and we would lose the visual cue of 543

the 2D plot, which could be useful for the clinical 544

use. 545

Among the strengths of this work, this is to our 546

knowledge the first attempt to build odds-ratio maps 547

that provide an immediate visual position of the two 548

best indices among two a priori equally probable 549

hypotheses. Moreover, the analyses were conducted 550

in a naturalistic, consecutive cohort, as presented to 551

a tertiary memory clinic. The monocentric nature 552

of this study ensures homogeneous criteria for 553

patient selection, diagnosis procedures, and clinical 554

follow-up. 555

One limitation of our work was that, especially for 556

some groups, the results should be taken with caution 557

considering the small number of patients included 558

in these groups, such as PSP, DLB, and SNAP. This 559

limitation deriving from the consecutive enrolment 560

of a naturalistic series. In this view, more data are 561

needed to confirm our findings. 562

Another limitation of this study is the hetero- 563

geneous diagnostic sample size and demographics 564

distribution, conditions which might undermine the 565

significance of the ANOVA. While the relative size 566

of each diagnostic group is suggestive of the typical 567

prevalence in a memory clinics cohort, a more con- 568

sistent and balanced sample is needed to validate the 569

findings. 570

Finally, patients affected by AD but in different 571

stages of disease severity (i.e., MCI or mild dementia) 572

were considered both separately (see Supplementary 573

Material) and as a single group. This last choice 574

matches the one done for other pathological groups 575

and is based on the common pathology underlying 576

the cognitive disorder. 577

In summary, our results show that the FCSRT 578

is a useful tool in distinguishing AD from other 579

competing conditions, with different accuracy values 580

depending on each dual clinical hypothesis. Indeed, 581
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Table 3
Best first and second index to discriminate between any two diagnostic

hypotheses with the AUC and the Pearson coefficient between index 1 and index 2

diagn hyp 1∗ diagn hyp 2∗ index 1 index 2 AUC 1 AUC 2 Pearson r

VCI AD DFR ITR 0.788 0.788 0.808
DLB AD ISC ITR 0.882 0.880 0.984
bvFTD AD DTR ITR 0.726 0.683 0.917
DEP AD ITR ISC 0.845 0.843 0.984
PSP AD DFR IFR 0.739 0.736 0.916
SNAP AD – – n.s. n.s. n.s.
unclMCI AD DFR IFR 0.669 0.664 0.916
MISC AD ISC ITR 0.779 0.778 0.984
PSYCH AD IFR ITR 0.827 0.815 0.846
SCD AD IFR ITR 0.940 0.934 0.846

diagn hyp 1, diagnostic hypotheses 1; diagn hyp 2, diagnostic hypotheses 2; ∗diagn hyp 1 and
2 are a priori equally probable.

although MTL atrophy is crucial in the process of582

age-related memory loss, this could also be observed583

in a non-trivial part of patients with other conditions,584

such as bvFTD, cerebrovascular disease, vascular risk585

factors, traumatic brain injury, and other clinical con-586

ditions, including depression [19].587

In conclusion, the FCSRT is an easy-to-administer,588

inexpensive, non-invasive pencil and paper test.589

Using tailored indices cut-off scores and, in partic-590

ular, the more informative odds-ratio maps could,591

therefore, assist clinicians in the process of differen-592

tial diagnosis between pathologies with a cognitive593

presentation.594
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