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Abstract

Memory impairment is often present in frontotemporal dementia (FTD) as a result of an inefficient use of learning strategies, sometimes
leading to a misdiagnosis of Alzheimer’s disease (AD). The Free and Cued Selective Reminding Test (FCSRT) is a memory test that controls
attention and acquisition, by providing category cues in the learning process. The main goal of this study was to show the usefulness of
the FCSRT in the distinction between behavioral (bv-) FTD and AD. Three matched subgroups of participants were considered: bv-FTD
(n=32), AD (n = 32), and a control group of healthy adults (n = 32). Results proved that while AD patients exhibited an overall impairment
in FCSRT, bv-FTD subjects showed to benefit more from the controlled learning through category cues. AD patients were 25 times more likely
to have an impaired FCSRT. The FCSRT has shown its utility in the distinction between bv-FTD and AD, therefore increasing the diagnostic
accuracy.
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Introduction

Memory impairment is one of the most common complaints in the ageing population, and one of the most prevalent symptoms
in patients with neurological disorders. In the field of dementia, a deficit in memory is significant as it may indicate the onset of
Alzheimer’s disease (AD) or it may pose as a risk factor for the subsequent development of AD (Dubois et al., 2007; Geerlings,
Jonker, Bouter, Ader, & Schmand, 1999). An accurate diagnosis of AD is primarily based on an individual’s performance on cog-
nitive tests thatare designed to detect memory impairment with high sensitivity and specificity (Petersen, Smith, Ivnik, Kokmen, &
Tangalos, 1994). Moreover, the design of the test is very important as an accurate assessment of memory depends on the quality of
learning, which is later reflected in an effective retrieval (Buschke, Sliwinski, Kuslansky, & Lipton, 1997). However, memory
impairment is not necessarily evidence of an AD-related memory disorder and can be present in other conditions (e.g., mild cog-
nitive impairment, depression). In patients with AD, the amnestic profile is typically characterized by poor learning and rapid
memory decay over relatively short periods, often concurrent with damage to the mesio-temporal structures, such as the hippo-
campus (Squire, Stark, & Clark, 2004). Though there is some evidence that the memory consolidation problems often observed
in patients with frontotemporal dementia (FTD) may also be linked to hippocampal atrophy (Lindberg et al., 2012; Mufioz-Ruiz
etal.,2012; vande Pol et al., 2006), memory deficits in FTD are more typically reflective of poor organization and lack of efficient
learning strategies. Thus, this results in a defective encoding of memory leading to an inability to implement effective retrieval
strategies, due to an involvement of the prefrontal cortex (Blumenfeld & Ranganath, 2007). It is of clinical importance that deficits
in encoding and storage processes that are so characteristic of AD can be distinguished from non-AD memory deficits that may
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have a different etiology. The accurate diagnosis of the episodic memory deficit, so often observed in AD patients, may be
improved upon the use of test paradigms that provide information at encoding and retrieval—encoding specificity (Buschke
et al., 1997). One way of controlling the acquisition and retrieval of information is to use the same cues to direct learning and
produce effective cued recall. The encoding specificity procedure has shown to promote deeper engagement with attentional
and semantic processing in the encoding phase of memory, and it also controls the conditions of retrieval (Tulving & Osler,
1968; Tulving & Thomson, 1973). Furthermore, memory tests that require the ability to control acquisition and retrieval may op-
timize encoding specificity and thus may be more sensitive to the early signs of dementia (Buschke, 1987) than tests that use
different paradigms.

The Free and Cued Selective Reminding Test (FCSRT; Buschke, 1984) is a memory test that controls attention and cognitive
processing, requiring subjects to search for items in response to their category cues, in the learning process. Moreover, these same
category cues are given later to participants in order to elicit the recall of the items not retrieved on the free recall trial, thus con-
trolling acquisition and retrieval. Performance on the cued recall trial provides an estimate of the items that the subject has stored,
and it has been shown that this estimate is minimally affected by guessing (Grober, Gitlin, Bang, & Buschke, 1992).

The utility of this cued selective reminding paradigm in the detection of AD-related memory dysfunction has been widely reported
(Brown & Storandt, 2000; Grober & Buschke, 1987; Grober, Buschke, Crystal, Bang, & Dresner, 1988; Grober & Kawas, 1997;
Grober et al., 2008; Ivanoiu et al., 2005; Vogel, Mortensen, Gade, & Waldemar, 2007). A poor performance on the FCSRT has
also shown a high correlation with atrophy in the medial temporal lobe (Habert et al., 2011; Sanchez-Benavides et al., 2010;
Sarazin et al., 2010) and was significantly associated with cerebrospinal fluid biomarkers of AD, thereby supporting the accuracy
potential of this paradigm in the early detection of AD (Rami et al., 2011; Wagner et al., 2012).

Furthermore, the potential of the FCSRT being used as a clinical diagnostic tool is bolstered by International Working Groups
proposal (Dubois et al., 2007, 2010) that it could be used to assess memory in patients with suspected AD, given its high sensitivity
(Grober, Hall, Sanders, & Lipton, 2008; Grober, Sanders, Hall, & Lipton, 2010).

FTD is the second most prevalent type of dementia and typically occurs much earlier in life than AD, overcoming Lewy Body
dementia (Harvey, Skelton-Robinson, & Rossor, 2003) which is more common later on. The frontal or behavioral variant
(bv-FTD) is the most common subtype accounting for approximately half of all FTD cases (Johnson et al., 2005; Seelaar et al.,
2008). Despite the heterogeneity in its clinical presentation, bv-FTD is characterized by an insidious onset and a progressive
decline that is marked by personality and/or behavioral changes (McKhann et al., 2001; Neary et al., 1998). The cognitive deficits
of bv-FTD include impairments on executive function, attention, working memory, poor abstraction and difficulty in shifting
mental set leading to perseverative tendencies (Neary et al., 1998; Weder, Aziz, Wilkins, & Tampi, 2007). It is also usually asso-
ciated with bilateral symmetrical frontal and anterior temporal atrophy (Neary et al., 1998; Seelaar, Rohrer, Pijnenburg, Fox, & van
Swieten, 2011). Research has shown that the specific pattern of impairment of bv-FTD includes a relative sparing of memory and
visuospatial functions in comparison to executive functions which are most commonly affected (Rascovsky etal. 2011). However,
because impairment in executive functioning can limit effective learning in patients with bv-FTD, decrements in performance on
conventional memory tests may result either from primary memory deficits or as a result of executive and attention deficits that
hinder the use of learning and retrieval strategies (Wang & Miller, 2007). Therefore, the memory impaired profiles of patients with
bv-FTD and AD may appear similar when memory is assessed with tests that place demands on frontal and/or attentional pro-
cesses. In order to distinguish between these cognitive profiles, memory may be more accurately assessed with tests that overcome
this limitation by controlling for attentional and executive processes. Consequently, bv-FTD patients should theoretically benefit
from controlled learning procedures, like the category cueing FCSRT paradigm as this profile of memory impairment seems to be
useful in the differentiation between bv-FTD and AD patients (Pasquier, Grymonprez, Lebert, & Van der Linden, 2001).

The main goal of this study was to show the utility of the FCSRT in the distinction between patients with bv-FTD and patients
with AD, which may improve the accuracy of the diagnosis. Additionally, we aimed to characterize the memory impairment in
patients with bv-FTD in comparison to AD patients. Our hypothesis was that the proposed cognitive mechanisms underlying
these memory deficits would differentiate the two pathologies. This would be revealed as bv-FTD patients may benefit more
from the controlled learning conditions which involves category cueing, than AD patients.

Methods
Participants
The total sample included 96 subjects divided into three subgroups: (i) 32 bv-FTD patients, (ii) 32 AD patients, and (iii) 32

cognitively healthy adults. The clinical study sample was recruited at the Neurology Department of the Coimbra University
Hospital.
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Study eligibility was restricted to patients with a comprehensive clinical, and neuropsychological evaluation, with a validated
battery for the Portuguese population (Guerreiro, 1998), as well as a full investigation using biochemical, structural, and functional
imaging (magnetic resonance imaging and single photon emission computed tomography, and/or positron emission tomography),
which are essential to exclude other causes of dementia and to establish the clinical diagnosis.

The bv-FTD group included only patients with a diagnosis of the behavioral variant of FTD, established by a multidisciplinary
team according to international criteria (Neary et al., 1998; Rascovsky et al., 2011). All the individuals who displayed the
FTD-related Primary Progressive Aphasic syndromes (non-fluent or semantic dementia) (Gorno-Tempini et al., 2011) or
mixed clinical syndromes were excluded from the study. In order to better characterize the study group, all patients with
bv-FTD were further evaluated using the following instruments: the Montreal Cognitive Assessment (Freitas, Simdes, Alves,
& Santana, 2012), the Frontal Assessment Battery (Dubois, Slachevsky, Litvan, & Pillon, 2000), the Maze-Tracing Task
(Lezak, Howieson, & Loring, 2004), the Comprehensive Affect Testing System (Schaffer, Wisniewski, Dahdah, & Froming,
2006), the Neuropsychiatric Inventory (Cummings et al., 1994), and the Frontal Behavior Inventory (Kertesz, Nadkami,
Davidson, & Thomas, 2000) (data not shown).

The AD group included patients diagnosed by a multidisciplinary team consensus based on international criteria for probable
AD (DSM-IV-TR; American Psychiatric Association, 2000; NINCDS-ADRDA; McKhann et al., 1984). This group was recruited
to match the patients with bv-FTD by gender, age, education level, and severity of cognitive decline (mild forms), as assessed by
the Clinical Dementia Rating scale (CDR; Garrett et al., 2008; Morris, 1993). Besides the comprehensive clinical/neuropsycho-
logical standard evaluation, AD patients underwent the following specific investigation: the Montreal Cognitive Assessment
(Freitas, Simdes, Alves, & Santana, 2012) and the Alzheimer Disease Assessment Scale (Guerreiro, Fonseca, Barreto, &
Garcia, 2008; Mohs, Rosen, & Davis, 1983).

The following patient exclusion criteria were established at the outset of the study: an unstable clinical condition, with signifi-
cant comorbidities; high severity dementia (only patients with CDR < 1 and Mini-Mental State Examination (MMSE; Folstein,
Folstein, & McHugh, 1975; Guerreiro, 1998) > 15 points were included in the study); recent pharmacotherapy changes; recent
psychiatric comorbidity (clinically diagnosed within 6 months prior to the current neuropsychological evaluation); and significant
motor, visual or auditory deficits, all of which may influence the cognitive assessment.

The control group comprised 32 cognitively healthy adults belonging to the local community (recruited among the patients’
spouses, hospital or university staff, or their relatives) that was age, education, and gender matched to the patients. They had no
history of neurological or psychiatric relevant condition, including alcohol or drugs abuse or head trauma, and no significant
motor, visual or auditory deficits which could influence the neuropsychological performance. All control subjects were assessed
using the following instruments: a complete sociodemographic questionnaire; an inventory of current clinical health status, past
habits and medical history; the MMSE; the CDR; and the Geriatric Depression Scale (GDS-30; Barreto, Leuschner, Santos, &
Sobral, 2008; Yesavage et al., 1983). All control subjects had normal MMSE scores (mean 29.06), were fully autonomous,
according to the information obtained through a general practitioner and/or an informant, and had no depression (depressive
complaints were evaluated through a clinical interview and the GDS-30, and subjects with a score of 20 or more points were
excluded).

The study was conducted in accordance with the tenets of the Declaration of Helsinki, with the approval of our local
ethics committee. After obtaining an Informed consent, all the participants were submitted to the same experimental research
protocol.

Demographic and clinical characteristics of the population are shown in Table 1.

Table 1. Demographical and clinical characteristics of the population

Control subjects (n = 32) bv-FTD (n = 32) AD (n=32)
Gender (male : female) 22:10 22:10 17:15
Age (years) 68.59 (1.27) 68.56 (1.19) 69.72 (1.27)
Education level (years) 7.06 (0.86) 6.97 (0.84) 6.91 (0.87)
MMSE (score) 29.06 (0.20) 26.88 (0.43)* 21.22 (0.70)*°
CDR (score) 0(0) 1(0) 1(0)

Note: bv-FTD = behavioral frontotemporal dementia; AD = Alzheimer’s disease; MMSE = Mini-Mental State Examination; CDR = Clinical Dementia Rating.
Data are expressed as mean (SEM).

Comparisons between Controls- bv-FTD, Controls-AD, and bv-FTD-AD patients were carried out by a one-way ANOVA with post hoc Tukey tests, Kruskal—
Wallis 1-way ANOVA for k samples with pairwise comparisons, or x* test.

#Controls versus bv-FTD: p < .05; Controls versus AD: p < .001.

byv-FTD versus AD: p < .001.
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Procedure

Subjects were assessed using the Portuguese version of the FCSRT (Lemos, Martins, Simdes, & Santana, 2012). Materials and
instructions of the FCSRT were provided by the original author (Buschke’s FCSRT. Copyright, 2002. Albert Einstein College of
Medicine of Yeshiva University, New York). The FCSRT (Buschke, 1984; Grober & Buschke, 1987) is a multi-trial memory test
that uses a “selective reminding” paradigm by presenting only the words not recalled, instead of all the to-be-remembered words,
thus directing the subject’s attention to the words not recalled on the previous trial.

The test starts by asking subjects to identify words or pictures in response to a unique category cue. The 16 items to be learned
are presented four at a time on a card, distributed by one word per quadrant. The subject is asked to search each card and point
to and name aloud each item after its semantic cue was aurally presented. During this procedure, the subject is informed to
learn the 16 words. There are three recall trials, each preceded by 20 s of counting backward to prevent recall from short-term
memory. Each recall trial consisted of two parts. First, each subject had up to 2 min to freely recall as many items as possible.
Next, aurally presented category cues were provided for items not retrieved by free immediate recall (Free IR). If subjects
failed to retrieve the item with the category cue, they were reminded by presenting the cue and the item together (Cued IR).
The sum of free and cued recall gives a measure of foral immediate recall (Total IR). The same procedure of recalling
(freely and cued) is done after a 30 min interval, during which subjects are required to perform non-verbal tasks (Delayed
Recall—DR), allowing the measure of the Free DR, Cued DR, and Total DR). A percentage of retention was also computed,
by comparing the total number of items recalled freely and on delayed recall to the total of items (free and cued) recalled on
the third learning trial.

Besides the FCSRT, other neuropsychological tests were performed in order to attain other cognitive functions and evaluate the
different performance between the two pathological groups: the Digit Span (Forward and Backward recall versions) of the
WAIS-III (Wechsler, 2008) to assess immediate and working memory; the Trail Making Test (A and B) (Partington & Leiter,
1949) to measure speed of attention, working memory, sequencing and mental flexibility; the semantic verbal fluency task to
evaluate the spontaneous production of words (food and animals) (Garcia, 1984); and the Brief Visuospatial Memory
Test-Revised (BVMT-R; Benedict, 1997) as a measure of both visuospatial ability (copy) and visual memory (immediate and
delayed recalls, learning and retention).

Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS, version 19.0) (IBM SPSS, Inc.,
Chicago, IL). When data significantly deviated from normal distributions (verified using the Shapiro—Wilk normality check and
Levene homogeneity tests) we did therefore choose to apply non-parametric statistical methods. Results with p < .05 were con-
sidered statistically significant. Descriptive statistics were used for sample’s characterization; comparisons between means were
performed with the use of the general linear model [one-way analysis of variance (ANOVA)] with post hoc Tukey for multiple
comparisons or the Kruskal - Wallis one-way ANOVA for k samples with pairwise comparisons with adjusted p-value. The x>
test was used for comparisons between categorical variables. Cronbach’s alpha reliability coefficient was considered as an
index of internal consistency, and analyzed separately for the immediate and delayed recalls. Non-parametric Wilcoxon test
was used to compare the performance between the learning trials among each group.

Alogistic regression model was fit to the data with impairment on both total immediate and total delayed recalls of the FCSRT as
the outcome, and dementia subtype was a significant predictor in order to determine the sensitivity and the specificity of the FCSRT
measures for distinguishing AD from bv-FTD.

Results
Sample Characterization

Demographical and clinical characteristics of the population are shown in Table 1. No statistically significant differences were
found on age [F(2,93) = 0.280, p = .756], educational level (XZKW (2) = 0.115, p = .944), or gender [X2 (2) =2.248, p = .325]
between the three groups.

As expected, a significant effect was found for the MMSE performance (Xsz (2) = 58.427, p = .000) among the three
groups. Therefore, multiple comparisons revealed that both bv-FTD (p = .05) and AD (p < .001) performed poorly on the
MMSE, when compared with control subjects and AD patients had a worst performance, when compared with bv-FTD subjects
(p < .001).
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Preliminary Tests

Concerning the performance on the preliminary neuropsychological tests, main effects were found in all of them, except for the
Forward Digit Span. The multiple comparison analysis showed that AD patients were impaired in all other measures, whereas the
bv-FTD group performed significantly worse than controls on the Trail Making Test (p < .05), Verbal Fluencies (p < .05), and
BVMT recalls and learning (p < .001). Still, bv-FTD patients did not differ significantly from controls on the Backward Digit
Span, BVMT-R copy and retention. The two clinical groups had a similar performance on the Backward Digit Span, Verbal
Fluency (food), and BVMT-R learning (for details, see Table 2).

Psychometric Properties—Internal Consistency Reliability of the FCSRT

Internal consistency reliability of the FCSRT was estimated using Cronbach’s alpha. Within this analysis the Cronbach’s alpha
of the FCSRT as an index of internal consistency was 0.914 for the IR and 0.852 for the DR on the total study sample, confirming an
overall good reliability of the test scores. This reliability coefficient was also computed for each clinical group [a (bv-FTD): IR =
0.813; DR =0.667 and o (AD): IR = 0.799; DR = 0.862].

Group Differences (FCSRT)

When analyzing the performance on the FCSRT selected measures (free, cued, total recalls, and retention), the bv-FTD and the
AD groups were impaired relative to controls on the free and total recalls (p < .001); nevertheless, only the AD group was impaired
on the two cued recalls (p < .001) and on the percentage of retention (p < .05). There was also a significant difference between the
bv-FTD and AD patients in all the FCSRT selected measures (Table 3).

The learning slopes (along the three trials) among the three groups are shown in Fig. 1. Comparing the performance between the
learning trials among each group, results showed a significant improvement on free recall, on both clinical groups, between trials 2
and 3 (bv-FTD: Z= —3.137; p = .002; AD: Z = —2.449; p < .05), but not between trials 1 and 2 (p > .05). The control group
revealed an improvement between the three trials (Trials 2—1: Z= —3.704; p < .001; Trials 3-2: Z= —4.131; p < .001). In
order to analyze the impact of cueing, the same comparisons were done for the total (free 4 cued) recalls along the three learning

Table 2. Performance on the preliminary tests

Controls (n = 32) bv-FTD (n = 32) AD (n=32) X§<w Between-group comparisons

Digit Span (forward) 6.78 (0.32) 6.09 (0.35) 5.91 (0.32) 4.366 NS

Digit Span (backward) 4.19(0.36) 3.16 (0.32) 2.84(0.24) 7.804 p=.02"
Trail Making Test A (time, s) 89.03 (7.48) 143.78 (16.18) 198.75 (14.50) 26.937 p< .001°
Trail Making Test B (time, s) 213.81 (20.86) 374.34 (34.22) 544.97 (19.57) 41.723 p< 001°
Verbal Fluency (food) 15.59 (0.82) 11.84 (0.73) 9.47 (0.58) 26.893 p <.001°
Verbal Fluency (animals) 13.81 (0.88) 9.59 (0.75) 7.06 (0.51) 34.712 p< .001°
BVMT-R Copy 11.66 (0.12) 11.13 (0.40) 9.44 (0.65) 12.603 p= 0024
BVMT-R Total IR 16.53 (1.34) 7.06 (1.14) 2.91(0.48) 51.011 p <.001°
BVMT-R Learning 4.00 (0.42) 1.63 (0.30) 0.72 (0.21) 33.226 p< 001f
BVMT-R Total DR 7.00 (0.57) 3.03 (0.56) 0.38 (0.16) 57.924 p <.001#%
BVMT-R Retention (%) 90.50 (2.72) 63.44 (7.42) 14.41 (5.13) 42.339 p < .001"

Notes: bv-FTD=behavioral frontotemporal dementia; AD = Alzheimer’s disease; BVMT-R = Brief Visuospatial Memory Test-Revised; IR = Immediate
Recall; DR = Delayed Recall.

Data are expressed as mean (SEM).

Comparisons between Controls- bv-FTD, Controls-AD, and bv-FTD-AD patients were carried out by a Kruskal —Wallis one-way ANOVA for k samples with pair-
wise comparisons.

“Controls versus AD: p < .05.

®Controls versus bv-FTD: p < .05; Controls versus AD: p < .001; bv-FTD versus AD: p < .05.

“Controls versus bv-FTD: p < .05; Controls versus AD: p < .001; bv-FTD versus AD: NS.

dControls versus bv-FTD: NS; Controls versus AD: p < .05; bv-FTD versus AD: p < .05.

“Controls versus bv-FTD: p < .001; Controls versus AD: p < .001; bv-FTD versus AD: p < .05.

fControls versus bv-FTD: p < .001; Controls versus AD: p < .001; bv-FTD versus AD: NS.

£Controls versus bv-FTD: p < .001; Controls versus AD: p < .001; bv-FTD versus AD: p < .001.

"Controls versus bv-FTD: NS; Controls versus AD: p < .001; bv-FTD versus AD: p < .001.

NS = not significant (p > .05).
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Table 3. Performance on the FCSRT

Controls (n = 32) bv-FTD (n = 32) AD (n = 32) Xi{W Between-group comparisons
FCSRT Free IR 21.84(0.92) 12.94 (1.16) 3.41(0.67) 64.157 p < .001°
FCSRT Cued IR 17.41 (0.59) 13.63 (1.18) 7.72 (1.11) 28.902 p< .001°
FCSRT Total IR 39.25(0.94) 26.56 (2.18) 11.13 (1.61) 55.752 p <.001*
FCSRT Free DR 8.72 (0.35) 4.28(0.49) 0.72 (0.34) 65.618 p <.001¢
FCSRT Cued DR 5.34 (0.30) 4.09 (0.42) 2.03 (0.34) 29.242 p< .001°
FCSRT Total DR 14.06 (0.30) 8.38 (0.77) 2.75 (0.55) 62.742 p< .001¢
FCSRT retention (%) —36.72 (1.98) —37.11(2.92) —23.24 (2.95) 14.835 p=.001°¢

Notes: bv-FTD=behavioral frontotemporal dementia; AD = Alzheimer’s disease; FCSRT = Free and Cued Selective Reminding Test; IR = Immediate Recall;
DR = Delayed Recall.

Data are expressed as mean (SEM).

Comparisons between Controls- bv-FTD, Controls-AD, and bv-FTD-AD patients were carried out by the Kruskal—Wallis one-way ANOVA for k samples with
pairwise comparisons.

“Controls versus bv-FTD: p < .05; Controls versus AD: p < .001; bv-FTD versus AD: p < .001.

®Controls versus bv-FTD: NS; Controls versus AD: p < .001; bv-FTD versus AD: p < .05.

“Controls versus bv-FTD: p < .001; Controls versus AD: p < .001; bv-FTD versus AD: p < .001.

dControls versus bv-FTD: p < .001; Controls versus AD: p < .001; bv-FTD versus AD: p < .05.

“Controls versus bv-FTD: NS; Controls versus AD: p < .05; bv-FTD versus AD: p < .05.

NS = not significant (p > .05).

Controls bv-FTD AD
16 16+
= 16 T
T 1t 14 + il ==
E 12 12 cued
-E 12 -
- = total
E' 10 + 10 + 10 +
E 8 8
T T 8+
L
g
“ 6+ 6 6 +
§ i
s, 2 2 i —
= 0 + - - i 0 - - } i 0 t t }
1 2 3 1 2 3 1 2 3

Fig. 1. Free, cued, and total recalls (mean) in the FCSRT along the first, second, and third learning trials. bv-FTD = behavioral frontotemporal dementia;
AD = Alzheimer’s disease.

trials. Whereas the bv-FTD (Trials 2—1: Z = —3.423; p = .001; Trials 3-2: Z = —3.408; p = .001) and the control (Trials 2—1:
Z= —4.610;p < .001;Trials3-2:Z = —3.779; p < .001) groups showed a significant improvement between the three trials, the
AD group only benefited from cueing between the third and second trials (Trials 2—1: Z= —0.558; p > .05; Trials 3-2:
Z= —3.567;p <.001).

Established cut-off scores (Lemos, Simdes, Santiago, & Santana, 2014) for AD were used to determine the sensitivity and the
specificity of the total immediate and total delayed recalls of the FCSRT for patients with AD versus bv-FTD. A logistic regression
model was fit to the data; impairment on both total immediate and total delayed recalls of the FCSRT were used as the outcome;
dementia subtype was a significant predictor in order to determine the sensitivity and the specificity of the FCSRT measures for
distinguishing AD from bv-FTD (BgementiaSubtype) = 3.219; X&a]d(l) =15.542; p <.001; OR =25.000). The model
showed an accuracy of 78.1% against a baseline value of 54.8% (i.e., when the classification is performed randomly) in the sub-
jects’ classification, with a specificity of 71.4%, and a sensitivity of 90.9%. Sixty-three percent (20/32) patients with bv-FTD had
an intact FCSRT, whereas only 6% (2/32) of AD patients scored normally. Patients with AD were 25 times more likely to have
impaired FCSRT than patients with bv-FTD.
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Discussion

The main objective of this study was to show the utility of the FCSRT in distinguishing bv-FTD from AD patients. Furthermore,
we aimed to contribute to the characterization of the memory impairment observed in patients with bv-FTD in comparison with
AD patients.

The FCSRT showed an overall good reliability with high indexes of internal consistency for the immediate recall and for the
delayed recall trials, in this sample of Portuguese participants.

Moreover, the FCSRT showed an accuracy of 78.1%, with 71.4% of specificity and 90.9% of sensitivity, allowing us to identify
95% of patients with AD and discard 63% of patients with bv-FTD, indicating that an impaired FCSRT performance emphasizes
the significance of episodic memory deficits in patients with AD. Patients with AD were 25 times more likely to have impaired
FCSRT performances than patients with bv-FTD.

Another aim of this study was to compare the pattern of memory impairment on FCSRT in patients with bv-FTD and AD. We
observed that both groups were relatively impaired to the control group on the free and total (immediate and delayed) recalls trials.
Furthermore, only the AD group showed impairment on the cued recall trial and on the percentage of items retained. Our initial
hypothesis was that the mechanisms underlying the memory deficits observed in these groups would differentiate the two path-
ologies, as bv-FTD patients may benefit more from the controlled learning with the use of category cues, than AD patients. Our
results confirmed that, although bv-FTD patients were impaired on the total recall trials, cueing was more efficient for patients with
bv-FTD than AD. In addition, bv-FTD patients showed an impaired delayed recall but their ability to retain information was
spared, that is, when delayed recall performance was compared with performance on the third learning trial.

The slopes of the groups’ performances were compared on free recall of the three learning trials. Our results showed that the
control group performance improved incrementally over the three trials while both the clinical groups’ improvement was restricted
to just the second and third trials. The impact of cueing resulted, overall in a significant improvement over the three trials for both
the bv-FTD and control groups. However, this effect was only observed between the second and third trials in the AD group. These
results showed a pattern of impairment for the AD group independently of the recall (free or total); whereas the bv-FTD group
appeared to benefit from cueing which was reflected in a marked improvement in the performance on the total recall trial. The
concept of cueing, inherent in the design of the FCSRT, requires subjects to search for items in response to already given category
cues in the learning process, controlling for both attention and cognitive processing. This method of cueing showed an improve-
ment of the retrieval ability in bv-FTD patients, which has not been observed with tests that employ other methods of cueing
(Glosser, Gallo, Clark, & Grossman, 2002). It has been reported that learning and memory ability are based on the integrity of
the temporal and frontal lobe regions of the brain. These are regions which may play different roles depending on the task
demands and test characteristics. Much evidence suggests that basic learning and retrieval aspects of memory are supported by
the medial temporal lobe. Specifically, it is well documented that the hippocampus plays a significant role in the formation and
memorization of associations between novel non-related items (Squire, 1992). On the other hand, the frontal lobes have also
been shown to be implicated in learning and memory processes, contributing to efficient working memory, conditional learning,
and encoding strategies (Cummings & Miller, 2007). The FCSRT is a memory test that controls for attention and executive pro-
cessing, by introducing category cues during the learning process. Additionally, the same cues are used to elicit recall of the items
not retrieved on the free recall trial, and thereby control acquisition and retrieval.

Our study demonstrated memory impairment in patients within the early stages of bv-FTD. This is common in the early stages of
the disease, sometimes leading to a misdiagnosis of AD (Wittenberg et al., 2008). In the FCSRT, free and cued recalls were poorer
in bv-FTD patients than in controls, and free recall was as poorer in bv-FTD patients than in AD patients, which is consistent with
the findings reported by Pasquier and colleagues (2001). Providing a semantic cue to bv-FTD patients showed a significant increase
in recall performance, suggesting that there may be impairment in retrieval processes when encoding processes are controlled for.
The rates of forgetting did not differ between bv-FTD patients and control subjects, which was assessed by comparing the retention
percentages of the two groups, indicating that the bv-FTD group had a relatively intact storage processes. In sum, poor free and total
recall performance rates, both in learning and after a delay, were observed in both dementia groups; low scores in cued recalls and a
lower rate of retention were representative of AD, while an improvement with category cueing and spared retained items were
suggestive of bv-FTD. The design characteristics of memory test paradigms may account for the distinct pattern of performance
of patients with different types of dementia. Regular word list tests demand a reproduction of a list of unrelated words, thus requir-
ing an active effort to organize information at both encoding and retrieval; however, tests with semantically organized material
(such as story recall tests or the FCSRT) allow for more passive learning and implementation of less demanding retrieval strategies
(Perri, Fadda, Caltagirone, & Carlesimo, 2013). Therefore, while AD patients are expected to be impaired on both paradigms,
bv-FTD patients are more likely to have deficits on regular word list tests than tests which require the participant to organize
semantic information (Pasquier et al., 2001; Perri et al., 2013), which is consistent with the findings from the present study.
Concerning the performance on the neuropsychological tests that measure other cognitive functions, the bv-FTD group
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showed impairment on attention, working memory, and spontaneous production of words, and spared visuospatial ability and re-
tention. These findings are congruent with the brain structures reported to be implicated in these abilities and often compromised in
this disease. Comparison of the two clinical groups revealed that, although bv-FTD patients had better results than AD’s on most
neuropsychological measures, the two samples had similar performances on the Backward Digit Span, Verbal Fluency (food) and
BVMT-R learning tasks. A general pattern of impairment for both bv-FTD and AD patients in the executive domain has already
been reported by several authors, confirming that there was no difference of performances between these two groups (Gregory,
Orrell, Sahakian, & Hodges, 1997; Hodges et al., 1999; Walker, Meares, Sachdev, & Brodaty, 2005). These findings reinforce
the idea that executive functions, although expected to be impaired in cases of frontal lobe damage, should not be the only
focus of attention in the differential diagnosis between AD and bv-FTD (Giovagnoli, Erbetta, Reati, & Bugiani, 2008).
Nevertheless, executive measures that rely on both frontal (compromised in bv-FTD) and parietal (compromised in AD)
regions comprise a similar pattern of performance in both disease groups. Thus, frontally specific executive measures are expected
to inform the diagnosis of bv-FTD and therefore should be selected (Possin etal., 2013). Moreover, in our study, the main pattern of
dissociation between bv-FTD and AD was the impairment of parieto-occipital-related functions which seems to be exclusive to
AD. Furthermore, information regarding aspects of social cognition including personality and/or behavioral disorders was taken
into consideration during the diagnosis of bv-FTD.

An accurate differential diagnosis between AD and bv-FTD is of crucial importance. Given that FTD is the second cause of
primary degenerative dementia and has overlapping symptoms with AD, a misdiagnosis can occur. Deficits in memory are
common in FTD patients and may be overlooked due to a greater prominence of behavioral and/or personality disturbances.
For these reasons, it is more informative to use memory tests that control for the learning deficit often observed in FTD patients
so asto elicit the retrieval of stored information. This may aid to isolate the memory deficit more typical in AD patients and thereby
increase the accuracy of a diagnosis. The FCSRT has shown these potentialities in the present study. However, future research
would benefit by including other types of dementias in order to confirm the accuracy values of the FCSRT in informing a diagnosis
for AD.
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