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Abstract

The current diagnostic criteria for the behavioural variant of frontotemporal dementia (bvFTD) foresee a relative sparing of
long-term memory. Although bvFTD patients were thought to report secondary memory deficits associated with prefrontal
dysfunctions, some studies indicated the presence of a “genuine memory deficit” related to mesial temporal lobe dysfunctions.
Among various neuropsychological tests, the Free and Cue Selective Reminding Test (FCSRT) has been recommended to
distinguish genuine from apparent amnesia. We conducted a systematic review and a random effect Bayesian meta-analysis
to evaluate the nature and severity of memory deficit in bvFTD. Our objective was to determine whether the existing litera-
ture offers evidence of genuine or apparent amnesia in patients with bvFTD, as assessed via the FCSRT. On 06/19/2021,
we conducted a search across four databases (PMC, Scopus, Web of Science, and PubMed). We included all studies that
evaluated memory performance using the FCSRT in patients with bvFTD, as long as they also included either cognitively
unimpaired participants or AD groups. We tested publication bias through the Funnel plot and Egger’s test. To assess the
quality of studies, we used the Newcastle-Ottawa quality assessment scale adapted for cross-sectional studies. We included
16 studies in the meta-analysis. The results showed that bvFTD patients perform better than AD patients (pooled effects
between 0.95 and 1.14), as their memory performance stands between AD and control groups (pooled effects between —2.19
and — 1.25). Moreover, patients with bvFTD present both genuine and secondary memory disorders. As a major limitation of
this study, due to our adoption of a rigorous methodology and stringent inclusion criteria, we ended up with just 16 studies.
Nonetheless, our robust findings can contribute to the ongoing discussion on international consensus criteria for bvFTD
and the selection of appropriate neuropsychological tools to facilitate the differential diagnosis between AD and bvFTD.
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Behavioural and socio-cognitive symptoms characterize the
behavioural variant of frontotemporal dementia (bvFTD).
When considering past and current diagnostic criteria, the
neuropsychological profile includes deficits in executive
functions with relatively preserved episodic memory (Neary
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et al., 1998; Rascovsky et al., 2011). Therefore, severe amne-
sia is not considered a clinical feature of bvFTD. On the con-
trary, it could be regarded as an exclusion criterion (Ahmed
et al., 2021). Notably, the spared long-term memory has
been presented as one key element to clinically distinguish
bvFTD from Alzheimer’s disease (AD) (Dubois et al., 2007).
However, the possibility that patients with bvFTD may suf-
fer from memory disorders has been increasingly discussed
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over the last decade (see Hornberger & Piguet, 2012 for
a historical perspective). When using word-list memory
assessment through free recall procedures, patients in the
early stage of bvFTD may show memory deficits that can be
as severe as those observed in patients with AD (Hornberger
et al., 2010; Pennington et al., 2011; Irish et al., 2014; for
review, see Hornberger & Piguet, 2012; Ahmed et al., 2021).
Such memory impairment has been supported by the meta-
analysis conducted by Poos et al. (2018). Consequently, it is
increasingly envisaged that severe amnesia should not pre-
clude a diagnosis of bvFTD (Irish et al., 2014), as a complete
absence of long-term memory deficits in bvFTD is unlikely
(Hornberger & Piguet, 2012).

To reconcile the divergent views, it has been early sug-
gested that long-term memory deficits exhibited by patients
with bvFTD do not reflect “genuine amnesia” (or true amne-
sia) (see, e.g. Neary et al., 1998; Dubois et al., 2007; Collette
et al., 2010; Pennington et al., 2011; Frisch et al., 2013).
“Genuine amnesia” refers to an amnesic syndrome that char-
acterizes patients with AD and is conceptualized as reflect-
ing (being associated with) medial temporal lobe atrophy
(Dubois et al., 2007, 2010; Pasquier et al., 2001). This type
of amnesia implies impairment of the long-term memory
storage and consolidation processes due to damaged medial
temporal structures, including the hippocampus and adjacent
structures (Dubois et al., 2007, 2010; Grober et al., 1988;
Sarazin et al., 2010). Such impairment is typically observed
in individuals with typical AD. In contrast, the memory
difficulties presented by bvFTD patients were believed to
be indicative of “apparent amnesia”. Apparent amnesia
would be secondary to defective information encoding and/
or retrieval strategies due to prefrontal cortex dysfunctions
(see, e.g. Neary et al., 1998; Thomas-Anterion et al., 2000;
Glosser et al., 2002; Collette et al., 2010; Pennington et al.,
2011; Frisch et al., 2013; Lemos et al., 2014). For evidence
and details concerning the involvement of the prefrontal cor-
tex in long-term memory processes, see Simons and Spiers
(2003) and Blumenfeld and Ranganath (2007). Following
the distinction mentioned above, which is poorly supported
by empirical (e.g. anatomical) evidence, a commonly shared
hypothesis in the field is that the poor memory performance
exhibited by bvFTD and AD patients reflects different neu-
rocognitive deficits (Pennington et al., 2011; Frisch et al.,
2013; see also Dubois et al., 2007). However, recent evidence
has demonstrated similar hippocampal atrophy in bvFTD and
AD patients (De Souza et al., 2013; Hornberger et al., 2012;
Mansoor et al., 2015), suggesting that damage in medial
temporal structures observed in bvFTD could also account
for the amnesia experienced by those patients (Cerami et al.,
2016; Irish et al., 2014).

Beyond free recall-based procedures, specific neuropsy-
chological tests have been developed to assist in distinguish-
ing genuine “AD-like” amnesia from apparent “bvFTD-like”
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amnesia. One critical test that exemplifies this feature is the
Free and Cue Selective Reminding Test (FCSRT) (Grober &
Buschke, 1987; Grober et al., 1988). It has been suggested
that the FCSRT enables the discrimination between “genu-
ine” storage and consolidation memory impairments from
“apparent” memory disorders secondary to (resulting from)
encoding and retrieval deficits (Dubois et al., 2008; Grober
et al., 1988; Sarazin et al., 2010). Consequently, the FCSRT
has been recommended for differential diagnosis of various
forms of dementia, including AD and FTD (Boccardi et al.,
2021; Costa et al., 2017; Dubois et al., 2007, 2010; Sorbi
et al., 2012). The key feature of the FCSRT is the use of
semantic categories to support and control effective infor-
mation encoding and facilitate the retrieval of stored infor-
mation during recall (for details concerning the FCSRT's
procedures, see Buschke, 1984; Grober & Buschke, 1987;
Grober et al., 1988; Sarazin et al., 2007).

Notably, studies utilizing the FCSRT have reported that
bvFTD patients might exhibit impairment in storage and
consolidation processes (Bertoux et al., 2014) and that these
memory deficits cannot be solely attributed to by executive
dysfunctions (Bertoux et al., 2016a). Instead, they may reflect
damage to medial temporal cerebral structures (Bertoux et al.,
2018; Fernandez-Matarrubia et al., 2017).

In summary, there is substantial evidence indicating
that patients with bvFTD may exhibit low performance
in memory tasks (Hornberger & Piguet, 2012; Poos et al.,
2018); however, the underlying neurocognitive impairment
responsible for these memory difficulties has not yet been
clearly elucidated.

The present study aimed to assess the nature (genuine
vs apparent) and severity of the memory deficits character-
izing the bvFTD. To achieve this objective, we conducted
a systematic review and a meta-analysis focused on studies
that directly compared the memory performance using the
FCSRT between patients with bvFTD and cognitively unim-
paired participants (UP) or AD patients.

Previous reviews and meta-analyses have explored the
presence of memory impairments in patients with bvFTD
(Hornberger & Piguet, 2012; Hutchinson & Mathias, 2007,
Poos et al., 2018). However, none of them have specifically
investigated the nature of such a deficit. While it is widely
acknowledged that bvFTD patients exhibit impaired perfor-
mance on memory tests, whether this represents a genuine
or secondary deficit has not been previously examined at the
meta-analytic level. Furthermore, in this study, we aimed
to investigate the severity of memory deficits compared to
cognitively unimpaired participants and patients with AD
from a meta-analytic standpoint for the first time.

This perspective represents a novel approach from a
meta-analytic viewpoint as it allows to examine the inter-
national recommendation endorsing the use of the FCSRT.
Additionally, it addresses a common clinical practice
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concerning the neuropsychological differentiation between
AD and FTD, and it raises questions regarding the existing
diagnostic criteria for bvFTD.

Materials and Methods
Identification of Studies

The study is pre-registered in PROSPERO (CRD4202126
5945). The literature review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Page et al., 2021). On
06/19/2021, we performed a comprehensive search across
four databases (PMC, Scopus, Web of Science, and Pub-
Med) using the following search string: (“frontotemporal
dementia” OR “frontal dementia” OR “Pick’s disease” OR
“frontotemporal lobe dementia” OR “frontal lobe demen-
tia” OR “dementia of the frontal type” OR “behavioral vari-
ant frontotemporal dementia “OR “bvFTD”’) AND (“Free
and Cued Selective Reminding Test “OR “FCSRT” OR
“Grober” OR “Buschke”). To identify and remove potential
duplicates from the retrieved records, we utilized the R pack-
age “Revtools” screening for identical titles or DOIs. Titles
and abstracts of the remaining records were thoroughly
reviewed, and potentially eligible papers were collected in
full text. Each abstract was independently analysed by two
authors, and in cases of disagreement, the author team col-
lectively reviewed the record.

It should be noted that we followed the same procedure
for the studies that used the California Verbal Learning
Test, a test that, similarly to the FCSRT, (i) shares the criti-
cal feature of having a cued recall phase and (ii) has been
commonly employed in the field of AD/FTD to examine
memory deficits. We identified 14 papers potentially use-
ful that used the CVLT. However, none of these studies
reported the necessary information required for our analy-
ses, and despite multiple attempts to contact the authors,
they did not provide the requested data, specifically the
subtest scores. Therefore, the methodology regarding this
particular effort is presented in the Supplementary Material,
and the following sections will solely focus on the part of
the study that pertains to the FCSRT.

Study Selection

The meta-analysis included all English-language studies that
examined memory performance in patients with bvFTD using
the FCSRT. We decided to include only articles that met the
following criteria: (i) assessment of memory performance in
both a bvFTD patient group and a cognitively unimpaired
participant or an AD patient group, (ii) a sample size greater
than 10 for each group to ensure reliable effect sizes, and (ii)

confirmation of bvFTD diagnosis using the diagnostic criteria
of Neary et al. (1998) or Rascovsky et al. (2011).

Data Extraction

Each eligible full-text article was independently analysed by
two reviewers of the authors’ team to extract the following
subscores in the FCSRT: Encoding (ENC, i.e. verbal encod-
ing phase), Free ImmediateRecall (FIR, i.e. free learning
phase), Cue ImmediateRecall (CIR, i.e. semantically cued
learning phase), Total Immediate (TIR, i.e. free + seman-
tically cued learning phase), Free Delayed Recall (FDR,
i.e. free retrieval), Cue Delayed Recall (CDR, i.e. seman-
tically cued retrieval), Total Delayed Recall (TDR, i.e.
free + semantically cued retrieval), Recognition (R, i.e. rec-
ognition between distractors), Index of Sensitivity of Cue-
ing (ISC, i.e. facilitation role of the semantic cue). We also
gathered the following data: bvFTD diagnostic criteria and
type of diagnosis (possible, probable, definite, or unknown)
(see Table 1). We applied the levels of diagnostic certainty
proposed by Rascovsky et al. (2011) to classify the diag-
nosis type. Diagnosis of possible bvFTD is based solely on
the clinical syndrome. In contrast, the diagnosis of probable
bvFTD is based on the clinical syndrome plus demonstra-
ble functional decline and imaging findings consistent with
bvFTD. Finally, diagnosis of definitive bvFTD is limited to
patients who exhibit the bvFTD clinical syndrome and who
also have a pathogenic mutation or histopathological evi-
dence of FTLD. The levels of diagnostic certainty proposed
by Rascovsky et al. (2011) were considered non-applicable
(NA; see Table 1) when (i) studies used diagnostic criteria
proposed by Neary et al. (Neary et al., 1998) and (ii) studies
did not make the level of diagnostic certainty explicit.

When the subtype of FTD was not defined, or the raw
test scores were not available for the patients and at least
one of the control groups, we contacted the corresponding
author for the missing data. We reached out to 15 authors
for additional information for 17 papers. We made three
attempts before excluding the paper. Out of the authors con-
tacted, nine authors responded, and two provided numerical
data. In cases where multiple studies referred to the same
cohort of patients, we asked the original authors to clarify
any overlapping participants. If disambiguation was not
possible, we included only the data from the study with
the largest sample from the same cohort. To illustrate the
search procedure, we have included a PRISMA Flow Dia-
gram (Page et al., 2021) in Fig. 1.

Study Quality Assessment
To assess the quality of studies, we used a modified version

of the Newcastle-Ottawa quality assessment scale adapted
for cross-sectional studies (Modesti et al., 2016). Each paper
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Fig.1 PRISMA 2020 flow
diagram for new systematic
reviews included searches of
databases and registers only
(Page et al., 2021). The figure
shows the inclusion process of
eligible studies and the reasons
for the exclusion. Two studies
were excluded because they

Identification of studies via databases and registers

Records identified through
database searching
(n=724)

PubMed (n=17)

PMC (n=224)

Scopus (n = 458)

Records removed before screening:
Duplicate records removed (n = 76)

had a sample size of three, for
which estimating effect size
was unreliable

Identification

sources (n =2)

Web of Science (n = 25)

Records identified through other

Records screened
(n=650)

Records excluded (n = 582)

(n=68)

Reports sought for retrieval

Reports not retrieved (n = 1)

Screening

Reports excluded (n=41):
Studies not based on FCSRT (n=9)
Studies not concerning bvFTD (n = 8)

@=67)

Reports assessed for eligibility

Studies without control group (n=7)
Repeated sample (n = 3)

Case studies (n=2)

Studies not written in English (n=1)

Sample <10 (n=15)
Studies before 1998 (n=3)
Other reasons (n = 3)

(@=26)

Studies included in review

Data requested (n = 18):
Missing dataset requested (n = 8)
Missing sub-scores requested (n = 11)

Included

A4

(@=16)

Studies included in meta-analysis

was reviewed by one of the authors of the present work.
We extracted the needed information from each study and
assigned a rating based on the instructions reported in the
Supplementary Materials. In cases of disagreement, the
authors’ team reviewed the record to reach a consensus. The
scale evaluates three main features: (i) the selection strategy
(including representativeness of the sample, sample size,
non-respondents, and ascertainment of exposure); (ii) the
comparability of the samples (we considered impairment
severity—as measured by MMSE and/or CDR—as the more
important factor and either age, gender, or school-age as
additional factors); and (iii) the outcome (including assess-
ment of the outcome and statistical test). The total score
on the Newcastle-Ottawa quality assessment scale ranges
from O to 10, with a suggested interpretation by the original

authors: good studies (7-10 stars), satisfactory studies (5-6
stars), and unsatisfactory studies (0—4 stars). However, in our
specific case, one question was not applicable, so the actual
range was 0-9. We thus suggest taking the total score cau-
tiously, while readers may find interest in seeing each spe-
cific level of the quality assessment reported in Table 2. In
the case of heterogeneity, the level of quality can be used as
a threshold for the inclusion criteria or as a meta-regressor.
However, as mentioned earlier, we did not observe hetero-
geneity and therefore did not use it in our analysis.

Data Synthesis and Analysis

Effect sizes were calculated to determine the difference in test
scores between (i) patients with bvFTD and healthy control

@ Springer
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participants and (ii) patients with bvFTD and AD. The test
scores used for the analysis were Free Immediate Recall, Total
Immediate Recall, Free Delayed Recall, and Total Delayed
Recall. These specific subscores were considered crucial
because the total score serves a proxy of genuine amnesia,
while a potentially worse performance on the free score indi-
cates the presence of unspecific memory impairments (i.e.
genuine and secondary). It is worth noting that many studies
have also focused selectively on these scores as well.

To estimate the effect size, we calculated Hedges’ g (the
standardized difference between the groups) and its stand-
ard error using the R function “metacont” in the package
“meta”. We chose Hedges’ g because it corrects for bias that
may arise from small sample sizes (Hedges & Olkin, 1985).
We employed a random-effects model for the analysis. Fit-
ting a frequentist meta-analysis allowed us to check for the
presence of outliers (by using the R function “find.outliers”
in the package “dmetar”) and influential points (by using the
R function “InfluenceAnalysis” in the package “dmetar”).
The “find.outliers” function considers a study as an outlier
if its confidence interval does not overlap with the confi-
dence interval of the pooled effect. Studies with extreme
effect sizes may distort the pooled effect estimate leading to
between-study heterogeneity. Therefore, if extreme effect
sizes were identified, we removed those studies from the
analysis and reevaluated the pooled effect.

We further examined the potential presence of publication
bias through the funnel plot and Egger’s test by using the
R functions “funnel.meta” and “metabias” in the package
“meta” (see Supplementary Material).

Then, we conducted a Bayesian random effect meta-
analysis using the R function “brm” in the package “brms”
to calculate the pooled effect size and the heterogeneity
between studies. Bayesian models have several advantages
both theoretically and practically. They allow for the incor-
poration of prior knowledge into the analysis, leading to
more precise estimates. Bayesian statistics is a theoretical
platform for updating information, thus allowing the inclu-
sion of additional data as soon as they are available. This
meta-analysis can also be seen as a first benchmark that can
be further developed and updated in the future. In line with
an Open Science perspective, we have made the data and
analysis scripts publicly available (https://osf.io/eazck/?
view_only=790c6423122a4583960bc9190167924b) to
facilitate transparency and reproducibility.

The estimation started from a non-informative prior with
a normal distribution (mean =0, scale =10) for the effect
size and a half-Cauchy distribution (mean =0, scale=0.5)
for the heterogeneity. We also checked for the stability of the
results (i.e. prior robustness check) by trying different prior
distributions (see Supplementary Materials). We conducted
posterior predictive checks to assess the model convergence
and the overall validity (see Supplementary Materials). The

direction of the effect size was negative if the performance
of the bvFTD patient group was worse than the control or
AD patient group.

Results

We included 16 studies in the meta-analysis (see Table 1 for
studies’ characteristics). The results are reported based on
the populations studied and the available FCSRT subscores.

bvFTD vs Cognitively Unimpaired Participants

Free Inmediate Recall A total of 271 patients with bvFTD
and 520 cognitively unimpaired participants from 7 studies
were included in the meta-analysis. No outliers or influen-
tial points were detected. The overall weighted effect size for
patients versus cognitively unimpaired participants was — 1.98
(95% CI [—2.30, — 1.65]); heterogeneity was tau=0.29 (95%
CI [0.03, 0.70]) (Fig. 2A), indicating that patients performed
worse on Free Immediate Recall subtest compared to cogni-
tively unimpaired participants, with a difference of approxi-
mately two standard deviations. Egger’s test for publication
bias was not significant (bias: 1.94; #(5)= —1.34; p=0.24),
suggesting no evidence of publication bias.

Total Immediate Recall A total of 209 patients with bvFTD
and 253 cognitively unimpaired participants from 8 studies
were included in the meta-analysis. The study by Alcolea
et al. (2019) was excluded from the original set of 9
records due to being an outlier (see Supplementary Mate-
rials). The overall weighted effect size for patients versus
cognitively unimpaired participants was — 1.27 (95% CI
[— 1.50,—1.04]); heterogeneity was tau=0.11 (95% CI
[0.00, 0.36]) (Fig. 2B). The estimated effect size indicates
that patients performed worse on the Total Immediate Recall
subtest compared to cognitively unimpaired participants,
with a difference of slightly over one standard deviation. The
Egger’s test for publication bias was not significant again
(bias: —1.03; #(6)= —1.12; p=0.31).

Free Delayed Recall A total of 306 patients with bvFTD
and 564 cognitively unimpaired participants from 9 studies
were included in the meta-analysis. No outliers were iden-
tified; however, the study by Fernandez-Matarrubia et al.
(2017) was deemed influential. The overall weighted effect
size for patients versus cognitively unimpaired participants
was —2.19 (95% CI [—2.55, —1.83]); heterogeneity was
tau=0.34 (95% CI [0.03, 0.84]) (Fig. 2C). Results indicate
that patients performed significantly worse on Free Delayed
Recall subtest compared to cognitively unimpaired partici-
pants. Egger’s test did not reveal any significant publication
bias (bias: —0.04; #(7)= —0.03; p=0.98).
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Total Delayed Recall A total of 209 patients with bvFTD
and 235 cognitively unimpaired participants from 8 studies
were included in the meta-analysis. The studies by Alcolea
et al. (2019) and Cerciello et al. (2017) were omitted from
the original pull of 10 records as they were identified as out-
liers (see Supplementary Materials). The overall weighted
effect size for patients versus cognitively unimpaired par-
ticipants was — 1.25 (95% CI [-1.51, —0.98]); heterogeneity
was tau=0.19 (95% CI [0.01, 0.54]) (Fig. 2D), indicating
that patients performed worse on Total Delayed Recall sub-
test compared to cognitively unimpaired participants. The
Egger’s test did not reveal significant evidence of publica-
tion bias (bias: —2.13; #(6) = — 1.02; p=0.35).

bvFTD vs AD

Free Inmediate Recall A total of 308 patients with bvFTD
and 828 patients with AD from 9 studies were included in
the meta-analysis. The studies by Teichmann et al. (2017)
and Canu et al. (2017) were omitted from the original pull
of 11 records as they were identified as outliers (see Sup-
plementary Materials). The overall weighted effect size for
bvFTD versus AD was 0.95 (95% CI [0.67, 1.23]); hetero-
geneity was tau=0.95 (95% CI [0.68, 1.23]) (Fig. 3A), indi-
cating that AD patients performed worse on Free Immediate
Recall subtest compared to the bvFTD patients. The Egger’s
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Fig.2 Forest plot illustrating effect sizes and 95% credible intervals
for each study comparing bvFTD patients to healthy subjects (A Free
Immediate Recall; B Total Immediate Recall; C Free Delayed Recall;
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test did not reveal significant evidence of publication bias
(bias: 0.13; #(7)=0.10; p=0.92).

Total Immediate Recall A total of 349 patients with bvFTD
and 871 patients with AD from 11 studies were included in
the meta-analysis. The study by Teichmann et al. (2017) was
omitted from the original pull of 12 records due to being
identified as an outlier (see Supplementary Materials). The
overall weighted effect size for bvFTD versus AD was 1.03
(95% CI [0.84, 1.25]); heterogeneity was tau=0.19 (95% CI
[0.01, 0.47]) (Fig. 3B), indicating that AD patients performed
worse on Total Immediate Recall subtest compared the
bvFTD patients. The Egger’s test did not reveal significant
evidence of publication bias (bias: 1.33; #9)=1.52; p=0.16).

Free Delayed Recall A total of 334 patients with bvFTD and
912 patients with AD from 11 studies were included in the
meta-analysis. The study by Teichmann et al. (2017) was
omitted from the original pull of 12 records due to being
identified as an outlier (see Supplementary Materials). The
overall weighted effect size for bvFTD versus AD was 1.14
(95% CI [0.84, 1.45]), indicating that AD patients performed
worse on Free Delayed Recall subtest compared to the bvFTD
patients. Heterogeneity was tau=0.39 (95% CI [0.16, 0.73])
(Fig. 3C). The Egger’s test did not reveal significant evidence
of publication bias (bias: 2.00; #(9)=1.67; p=0.13).
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for bvFTD than for cognitively unimpaired participants
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Total Delayed Recall A total of 349 patients with bvFTD and
871 patients with AD from 11 studies were included in the
meta-analysis. The studies by Teichmann et al. (2017) and
Cerciello et al. (2017) were omitted from the original pull of
13 records as they were identified as outliers (see Supplemen-
tary Materials for more details). The overall weighted effect
size for bvFTD versus AD was 1.00 (95% CI [0.75, 1.28]),
indicating that AD patients performed worse on the Total
Delayed Recall subtest compared to the bvFTD patients. Het-
erogeneity was tau=0.31 (95% CI [0.06, 0.65]) (Fig. 3D).
Egger’s test was not significant (bias: 0.94; #(9)=0.78;
p=0.45), so we have no evidence of publication bias.

Qualitative Assessment

Two studies were deemed unsatisfactory, three studies were
categorized as satisfactory, and eleven studies were classi-
fied as good studies (see Table 2). It is worth noting that
the criterion regarding non-responders does not apply in the
present context, impacting the validity of the total scores
classification. The table provides more detailed information
on specific subscores rather than overall scores. The absence
of heterogeneity indicates the estimated effect size was not
influenced by variations in study quality levels.
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Fig.3 Forest plot illustrating effect sizes and 95% credible intervals
for each study comparing bvFTD patients to AD patients (A Free
Immediate Recall; B Total Immediate Recall; C Free Delayed Recall;

Discussion

The relative preservation of memory is currently consid-
ered a diagnostic criterion for bvFTD, leading some to view
amnesia as an exclusion criterion. In contrast, amnesia is a
longstanding core clinical diagnostic feature of typical AD
(Dubois et al., 2007). Consequently, neuropsychological
assessment of memory impairments plays a pivotal role in
the diagnosis of both bvFTD and AD, as well as in differen-
tiating between these diseases. However, recent literature has
shown that bvFTD might be exhibit long-term memory defi-
cits, which in some cases may be as severe as those observed
in AD patients (Hornberger & Piguet, 2012; Hornberger
et al., 2010; Irish et al., 2014; Pennington et al., 2011). There
is still ongoing debate regarding the nature of the memory
difficulties experienced by patients with bvFTD. On the one
hand, some authors suggested that bvFTD patients exhibit
apparent amnesia, which primarily stems from deficits in
strategic encoding and retrieval (Cerciello et al., 2017,
Frisch et al., 2013; Glosser et al., 2002; Lemos et al., 2014,
Pasquier et al., 2001; Pennington et al., 2011; Thomas-
Anterion et al., 2000). On the other hand, other authors have
reported cases of genuine amnesia that cannot be solely
attributed to executive dysfunctions (Bertoux et al., 2014,
2016a; Cerami et al., 2016; Fernandez-Matarrubia et al.,
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2017; Matuszewski et al., 2006). As a result, there is an
ongoing debate concerning the presence of apparent versus
genuine amnesia in bvFTD patients.

In the current study, we conducted a systematic review
and meta-analysis of memory dysfunctions in patients with
bvFTD, as measured by the FCSRT. This allowed us to
identify the presence and severity of genuine amnesia and
distinguish it from apparent amnesia.

In the meta-analysis, we included 16 studies that assessed
memory deficits using the FCSRT. The samples included
patients with a wide range of ages (57-75 years), educa-
tion (6-15 years), and MMSE scores (14-29). These studies
demonstrated that the FCSRT can be effectively adminis-
tered to diverse subjects, making it a suitable instrument
for memory assessment. Additionally, the test was adminis-
tered in various languages (English, French, Spanish, Italian,
and Portuguese), emphasizing the availability of normative.
The meta-analysis results revealed significant differences
in memory performance between patients with bvFTD and
cognitively unimpaired participants (UP), indicating notable
impairments in memory function among bvFTD patients.
However, there were more similarities in memory perfor-
mance between patients with bvFTD and those with AD.

A poor performance in the Total (Free + Cued) Recall
scores (immediate and delayed) of the FCSRT, which
reflects memory storage abilities, is considered a neuropsy-
chological marker of genuine amnesia. Our findings demon-
strated that, on average, bvFTD patients perform around one
standard deviation worse than UP. The large effect size of
this finding strongly suggests that bvFTD patients do suffer
from a genuine form of amnesia. This result is additionally
supported by statistical indicators of a lack of publication
bias and a relatively small heterogeneity in the data. We
also found that UP outperformed bvFTD on Free (Immedi-
ate and Delayed) Recall. The performance was about two
standard deviations worse for the patients, which is an effect
size twice as big as that of the total subscore, suggesting
the presence of secondary memory deficits (i.e. encoding
or retrieval difficulties).

The difference between UP and bvFTD in Total Delayed
Recall (i.e. Pooled Effect Size of — 1.25) is much smaller
than in Free Delayed Recall (i.e. Pooled Effect Size
of —2.19). Again, this suggests that bvFTD is characterized
by both genuine and secondary memory deficits. Moreover,
it is worth noting that bvFTD patients outperformed AD
patients in all the FCSRT scores by almost one standard
deviation (i.e. a strong effect size). This result indicates that
memory difficulties observed in the bvFTD group are, on
average, less severe than those in the AD group.

The present study indicates that bvFTD patients may
exhibit genuine amnesia, which is evident compared to
healthy individuals. At the same time, it is less severe than
that observed in AD, placing bvFTD somewhat between the
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two groups. This result aligns with a previous meta-analysis
that demonstrated bvFTD patients performing memory tests
at an intermediate level between UP and AD patients, even
if that study was unable to differentiate between genuine
and secondary deficits (Poos et al., 2018). It is also con-
sistent with the bimodal distribution retrieved by Bertoux
et al. (2014), which suggested the presence of variability
in memory performance within the bvFTD group, ranging
from severe to subnormal FCSRT scores. This hypothesis
is further supported by the variability observed in the Total
Immediate Recall scores within the samples included in
our meta-analysis (average standard deviation: AD =8.87;
bvFTD =9.84; UP=3.11). The higher variability in bvFTD
patients aligns with the expected pattern in cases of bimodal
distributions. While Poos et al. (2018) confirmed the pres-
ence of memory impairment in bvFTD, our study was able
to distinguish between the contributions of genuine and
apparent amnesia and determine the actual level of deficit
in bvFTD as compared to AD and UP, which had not been
done previously.

Overall, the present results suggest the coexistence of
that both genuine and apparent amnesia in bvFTD and AD
patients. We found strong evidence of genuine amnesia,
while also observing clear indications that secondary defi-
cits worsen the performance of bvFTD patients. The group
effect could be attributed to a bimodal performance distribu-
tion (Bertoux et al., 2014) or it may be indicative of a gen-
erally distributed decreased performance across the entire
population. This question cannot be answered with a group-
level meta-analytic approach, and we warn from simplistic
interpretations of the results at the individual level.

Although in research studies, bvFTD patients can be
differentiated from AD patients at the group level based
on their memory performance, this distinction does not
hold true at the individual—and, therefore, clinical—Ilevel
(Bertoux et al., 2018; Frisch et al., 2013; Hutchinson &
Mathias, 2007; Mansoor et al., 2015; Poos et al., 2018).
Even when using the most discriminating memory measure-
ments, such as the FCSRT, for individual-level assessment,
the clinical differential diagnosis between AD and bvFTD
remains challenging, solely relying on memory performance
(Hutchinson & Mathias, 2007; Poos et al., 2018). Accord-
ing to Zakzani’s calculations of overlap statistics (Zakzani,
2001), the estimated effect size indicates a percentage of over-
lap between AD and bvFTD of approximately 40%, whether
considering the total or the free recall. This further highlights
the challenge of distinguishing between AD and bvFTD at
the individual level using memory tests alone. Recently, it
has been suggested to differentiate between two subtypes of
bvFTD: amnesic-bvFTD and non-amnesic-bvFTD. Approxi-
mately 50% of bvFTD patients fall into the amnesic-bvFTD
category, and they exhibit severe impairment in both FCSRT
and “conventional” memory tests based on free recall.
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Furthermore, these patients also show alterations in medial
temporal structures (Bertoux et al., 2014, 2016a, b; Cerami
et al., 2016; Fernandez-Matarrubia et al., 2017; Ramanan
et al., 2017). As emphasized previously, the dual profile of
bvFTD patients, with both amnestic and non-amnestic pres-
entation, explains why average memory scores can be statisti-
cally different between AD and bvFTD at a group level but
not at the individual level (Bertoux et al., 2018).

From a clinical perspective, our study suggests that any
future consensual revision of the current diagnostic criteria
for bvFTD should no longer include the relative preser-
vation of episodic memory as a neuropsychological sub-
criterion. This approach has already been adopted in the
recently proposed diagnosis criteria for prodromal bvFTD
by the ALLFTD group (Barker et al., 2022), considering
the limited specificity of memory disorders in distinguish-
ing bvFTD from other neurodegenerative diseases, despite
their reasonable sensitivity. However, further studies are
needed to confirm this result. In the last diagnostic criteria
of FTD (Neary et al., 1998), and subsequently for bvFTD
(Rascovsky et al., 2011), significant emphasis was placed
on episodic memory as it was believed to enable effective
differentiation from AD, which is the most common dif-
ferential diagnosis for bvFTD (Hornberger & Piguet, 2012;
Bertoux et al., 2018). However, given the high proportion of
amnesic-bvFTD patients, the limited sensitivity of memory
assessment to Alzheimer’s pathology (e.g. Bertoux et al.,
2020), and the revised criteria of Alzheimer’s disease based
on biological markers (Jack et al., 2018), such a focus is no
longer relevant. Instead, other neuropsychological domains
or tests (i.e. navigation, praxis, or social cognitive abilities)
may be more promising and should be given preference
if they demonstrate high discriminative power between
bvFTD and AD or primary psychiatric disorders, which are
often considered the second differential diagnosis (Bertoux
et al., 2016b; Yew et al., 2013). Additionally, in our study,
the effect size of the AD vs bvFTD comparison was equiva-
lent for both the total recall and the free recall, suggesting
that the two groups exhibit a similar performance pattern,
albeit at different levels of severity. In other words, apparent
amnesia appears to impact the performance of AD patients
as well as it does in bvFTD patients. The clinical differen-
tial diagnosis between bvFTD and AD is challenging, and
although the FCSRT is a sensitive and helpful test, addi-
tional information is essential for an accurate diagnosis.
While the differentiation between genuine and secondary
amnesia is relevant, as it is based on the associated cerebral
damage, the results of the present meta-analysis demon-
strate the presence of both deficits in various types of cogni-
tive impairment. This finding aligns with the understanding
that memory mechanisms work in conjunction for efficient
functioning. When clinicians encounter memory loss, it
is likely that multiple cognitive mechanisms are involved

to varying degrees. Therefore, it may be advantageous to
reevaluate the tendency to consider each function in isola-
tion and instead adopt a more comprehensive perspective
on cognitive functioning (Ferguson, & Alzheimer’s Disease
Neuroimaging Initiative, 2021; Tosi et al., 2020).

Our study highlights a genuine impairment of long-term
memory in bvFTD through a rigorous meta-analysis. Conse-
quently, it presents a compelling case to revise the neuropsy-
chological criteria of bvFTD and the current clinical practices.
Our meta-analysis employed modern and rigorous indicators
and followed the latest international guidelines, which—we
believe—strengthened our findings. The use of Bayesian
modelling and the availability of our data to the community
can be viewed as the initial phase of an incremental collabora-
tive study that holds the potential to refine or corroborate our
results through the inclusion of future research.

However, it is important to acknowledge some limitations
of our study. Firstly, as is customary in the field, we consid-
ered Rascovsky et al., 2011 (or Neary et al., 1998) criteria as
a condition for studies to be included in our meta-analysis.
However, strictly applying these criteria would have resulted
in the exclusion of severely amnestic patients from the origi-
nal studies. Consequently, the proportion of amnestic bvFTD
patients is likely higher than what is reported, potentially
leading to an underestimation of the estimated effect size
in our study. Additionally, bvFTD is already known to be
underdiagnosed (and memory impairment likely contributes
to this underdiagnosis). Therefore, our estimated effect size
can be viewed as a lower limit of the possible effect, with
the actual effect size likely being higher.

Furthermore, dementia syndromes such as AD and
bvFTD can involve “mixed” neuropathological processes,
which can only be definitively distinguished through autopsy
confirmation. Unfortunately, we identified only one study in
our meta-analysis that reported neuropathologically proven
cases of bvFTD. As a result, we were unable to conduct
further analysis specifically focused on autopsy-proven
cases. In the present meta-analysis, we are unable to dif-
ferentiate memory impairment as a function of bvFTD or
mixed bvFTD with other neurodegenerative syndromes
(or its potential co-occurrence with other neurodegenera-
tive syndromes). The studies we reviewed mostly reported
clinical diagnoses, without accounting for pathology data
or co-morbid pathology. Therefore, our results should be
considered with a degree of imprecision due to the general
lack of pathologically proven diagnoses. However, evidences
ranging from pathological cases to group-studies have
reported memory deficit associated with confirmed FTD
(see for example Hornberger & Piguet, 2012; Hornberger
et al., 2012; Bertoux et al., 2020). Notably, the present meta-
analysis included one study with definite diagnoses (Bertoux
et al., 2020), which compared bvFTD patients with FTLD
pathology to confirmed AD patients. The effect size found
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by the authors lay near the lower bound of the pooled effect
credible intervals, indicating a possible slightly smaller dif-
ference between AD and bvFTD compared to other studies
in the meta-analysis. Nonetheless, this study did not emerge
as an influential point or an outlier in our preliminary analy-
ses, providing no evidence to consider it differently from
those studies relying solely on clinical diagnoses. Further
research involving definitive diagnosis would be beneficial
in drawing more conclusive findings regarding the amnes-
tic profile of bvFTD. However, studies conducted using the
FCSRT in genetic FTD populations have reported a simi-
lar pattern to the one we observed in our analysis. While
not all patients in those studies received a bvFTD diagnosis
(although it was the most frequent presentation), both appar-
ent and genuine memory deficits are recognized as integral
components of the clinical spectrum in genetic FTD (Poos
et al., 2021, 2022; Tavares et al., 2020).

Another limitation of our study is that, due to our rigor-
ous methodology and stringent inclusion criteria, we were
only able to include 16 studies from a large pool of avail-
able research. While the inclusion of studies may have its
drawbacks, the strength of this research lies in the high qual-
ity of the included studies. This is evident from the quality
assessment table, which demonstrates the absence of publi-
cation bias and heterogeneity, thus enhancing the reliability
of our results. In addition, it is important to note that out of
the 16 papers included, four studies (Alcolea et al., 2019;
Cercielloet al., 2017; Canu et al., 2017; Teichman et al.,
2017) exhibited extreme effect sizes and were consequently
excluded from the analyses as outliers. Alcolea et al. (2019)
and Cerciello et al. (2017) used a 24-item version of the
Grober-Buschke test instead of the classical 16-item version.
Furthermore, both Alcolea et al. (2019) and Teichmann et al.
(2017) had larger sample sizes compared to the other studies
included in the meta-analysis. On the one hand, the usage of
different test versions may have resulted in varied impacts
on the subjects’ performance, while the imbalanced sample
sizes have influenced the calculation of effect sizes. Addi-
tionally, Canu et al. (2017) reported more severe impairment
in the AD patients compared to the bvFTD group, based
on the CDR score. This discrepancy may have contributed
to poorer FCSRT performances in the AD patients group,
relative to the other studies included in the meta-analysis.

Another limitation of this meta-analysis was its focus on
a single memory test. We selected the FCSRT as it is widely
recommended for assessing verbal memory in dementia, as
indicated Table S1 in Boccardi et al. (2021). The FCSRT
also offers the clinical advantage of controlling for effective
encoding through a “search procedure”, followed by repeated
free and cued recall trials. Another prominent memory test,
the California Verbal Learning Test (CVLT), shares a similar
feature, incorporating a cued recall phase but not controlling
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the encoding phase. We aimed to include the CVLT in our
meta-analysis to draw more comprehensive conclusions.
Unfortunately, the published studies did not report all the
necessary information, and the authors we contacted were
unable to supply sufficient information to construct a CVLT
database. We have documented the results of the systematic
review search in the Supplementary Materials.

In conclusion, our study demonstrates that bvFTD is char-
acterized by genuine amnesia as assessed by the FCSRT. The
deficit is substantial and falls between the performance of
healthy individuals and that of AD patients’ performance,
highlighting its clinical relevance for both the diagnosis of
bvFTD and the differentiation between bvFTD and AD based
on the FCSRT. Importantly, bvFTD patients exhibit evident
signs of amnesia. Our meta-analysis confirms the presence of
a memory deficit in bvFTD patients, supporting the coexist-
ence of both genuine and secondary memory deficits. How-
ever, our findings also raise new questions. For instance, what
is the interplay between primary and secondary deficits? Do
they emerge simultaneously? Future meta-analytic studies
should explore whether bvFTD patients present less severe
deficits or exhibit diverse profiles that may include or exclude
memory impairment, such as a potential bimodal distribu-
tion within the bvFTD population. As memory assessment
is insufficient for an accurate and reliable clinical differentia-
tion between bvFTD and AD, further investigation is needed
to establish the best strategy for the differential diagnosis. For
instance, future meta-analyses could incorporate additional
neuropsychological measures to enhance the characteriza-
tion of bvFTD characterization. Unravelling the pathway of
genuine and secondary deficit in patients with bvFTD (and
AD) is a crucial step toward improving our understanding of
these conditions, with potential implications for early and late
diagnosis. We believe that our study represents an important
contribution in that direction.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11065-023-09613-3.

Author Contribution LM: contributed to the conception of the work
and the acquisition and interpretation of data; drafted the work;
approved the version to be published. GT: contributed to the concep-
tion of the work and the acquisition, analysis, and interpretation of data;
drafted the work; approved the version to be published. FG: contributed
to the acquisition of data, approved the version to be published. MI:
contributed to the acquisition of data, approved the version to be pub-
lished. ER: contributed to the acquisition of data, approved the version
to be published. YC: contributed to the acquisition of data, approved
the version to be published. MB: contributed to the acquisition of data,
revised the work critically for important intellectual content, approved
the version to be published. PA: contributed to the conception of the
work, revised the work critically for important intellectual content,
approved the version to be published. DR: contributed to the concep-
tion of the work and the acquisition, analysis, and interpretation of data;
revised the work critically for important intellectual content; approved
the version to be published.


https://doi.org/10.1007/s11065-023-09613-3

Neuropsychology Review

Funding Open access funding provided by Universita del Salento
within the CRUI-CARE Agreement. The study is supported by
Fondazione con il Sud to the project “Demenza Network™ Ref N°
2018-PDR-01233.

Availability of Data and Materials Data and analysis scripts are avail-
able on the OSF platform at the following link: https://osf.io/eazck/?
view_only=790c6423122a4583960bc9190167924b.

Declarations
Ethical Approval Not applicable.

Competing Interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ahmed, R. M., Hodges, J. R., & Piguet, O. (2021). Behavioural variant
frontotemporal dementia: Recent advances in the diagnosis and
understanding of the disorder. In Ghetti et al. (eds.), Frontotem-
poral Dementias, Springer International Publishing. 1-15. https://
doi.org/10.1007/978-3-030-51140-1_1

Alcolea, D., Clarimén, J., Carmona-Iragui, M., [l1dn-Gala, 1., Morenas-
Rodriguez, E., Barroeta, 1., & Lled, A. (2019). The Sant Pau Initia-
tive on Neurodegeneration (SPIN) cohort: A data set for biomarker
discovery and validation in neurodegenerative disorders. Alzhei-
mer’s& Dementia: Translational Research & Clinical Interven-
tions, 5, 597-609. https://doi.org/10.1016/j.trci.2019.09.005

Barker, M. S., Gottesman, R. T., Manoochehri, M., Chapman, S.,
Appleby, B. S., Brushaber, D., Devick, K. L., Dickerson, B. C.,
Domoto-Reilly, K., Fields, J. A., Forsberg, L. K., Galasko, D.
R., Ghoshal, N., Goldman, J., Graff-Radford, N. R., Grossman,
M., Heuer, H. W., Hsiung, G. Y., Knopman, D. S., Kornak, J.,
& ALLFTD Consortium. (2022). Proposed research criteria for
prodromal behavioural variant frontotemporal dementia. Brain:
A Journal of Neurology, 145(3), 1079-1097. https://doi.org/10.
1093/brain/awab365

Basely, M., Ceccaldi, M., Boyer, L., Mundler, O., & Guedj, E. (2013).
Distinct patterns of medial temporal impairment in degenerative
dementia: A brain SPECT perfusion study in Alzheimer’s disease
and frontotemporal dementia. European Journal of Nuclear Medi-
cine and Molecular Imaging, 40(6), 932-942. https://doi.org/10.
1007/s00259-013-2389-8

Bertoux, M., Cassagnaud, P., Lebouvier, T., Lebert, F., Sarazin, M., Le
Ber, 1., & Pasquier, F. (2020). Does amnesia specifically predict
Alzheimer’s pathology? A neuropathological study. Neurobiology
of Aging, 95, 123-130. https://doi.org/10.1016/j.neurobiolaging.
2020.07.011

Bertoux, M., de Souza, L. C., Corlier, F., Lamari, F., Bottlaender, M.,
Dubois, B., & Sarazin, M. (2014). Two distinct amnesic profiles

in behavioral variant frontotemporal dementia. Biological Psy-
chiatry, 75(7), 582-588. https://doi.org/10.1016/j.biopsych.2013.
08.017

Bertoux, M., de Souza, L. C., O’Callaghan, C., Greve, A., Sarazin,
M., Dubois, B., & Hornberger, M. (2016b). Social cognition
deficits: The key to discriminate behavioral variant frontotem-
poral dementia from Alzheimer’s disease regardless of amnesia?
Journal of Alzheimer’s Disease, 49(4), 1065—1074. https://doi.
org/10.3233/JAD-150686

Bertoux, M., Flanagan, E. C., Hobbs, M., Ruiz-Tagle, A., Delgado,
C., Miranda, M., & Hornberger, M. (2018). Structural ana-
tomical investigation of long-term memory deficit in behavio-
ral frontotemporal dementia. Journal of Alzheimer’s Disease,
62(4), 1887-1900. https://doi.org/10.3233/JAD-170771

Bertoux, M., Ramanan, S., Slachevsky, A., Wong, S., Henriquez, F.,
Musa, G., & Dubois, B. (2016a). So close yet so far: Executive
contribution to memory processing in behavioral variant fron-
totemporal dementia. Journal of Alzheimer’s Disease, 54(3),
1005-1014. https://doi.org/10.3233/JAD-160522

Blumenfeld, R. S., & Ranganath, C. (2007). Prefrontal cortex and
long-term memory encoding: An integrative review of findings
from neuropsychology and neuroimaging. The Neuroscientist,
13(3), 280-291. https://doi.org/10.1177/1073858407299290

Boccardi, M., Monsch, A. U., Ferrari, C., Altomare, D., Berres, M.,
Bos, 1., & Consortium for the Harmonisation of neuropsycho-
logical assessment for neurocognitive disorders. (2021). Harmo-
nising neuropsychological assessment for mild neurocognitive
disorders in Europe. Alzheimer’s & Dementia, 1-14. https://doi.
org/10.1002/alz.12365

Boutoleau-Bretonniére, C., Evrard, C., Hardouin, J. B., Rocher,
L., Charriau, T., Etcharry-Bouyx, F., & Thomas-Antérion, C.
(2015). DAPHNE: A new tool for the assessment of the behav-
ioral variant of frontotemporal dementia. Dementia and geri-
atric cognitive disorders extra, 5(3), 503-516. https://doi.org/
10.1159/000440859

Buschke, H. (1984). Cued recall in amnesia. Journal of Clinical and
Experimental Neuropsychology, 6(4), 433—440. https://doi.org/
10.1080/01688638408401233

Canu, E., Agosta, F., Mandic-Stojmenovic, G., Stojkovi¢, T., Stefanova,
E., Inuggi, A., & Filippi, M. (2017). Multiparametric MRI to dis-
tinguish early onset Alzheimer’s disease and behavioural variant
of frontotemporal dementia. Neurolmage: Clinical, 15, 428-438.
https://doi.org/10.1016/j.nicl.2017.05.018

Cerami, C., Dodich, A., Lettieri, G., lannaccone, S., Magnani, G.,
Marcone, A., et al. (2016). Different FDG-PET metabolic pat-
terns at single-subject level in the behavioral variant of fronto-
temporal dementia. Cortex, 83, 101-112. https://doi.org/10.
1016/j.cortex.2016.07.008

Cerciello, M., Isella, V., Proserpi, A., & Papagno, C. (2017). Assess-
ment of free and cued recall in Alzheimer’s disease and vascular
and frontotemporal dementia with 24-item Grober and Buschke
test. Neurological Sciences, 38(1), 115-122. https://doi.org/10.
1007/s10072-016-2722-7

Collette, F., Van der Linden, M., & Salmon, E. (2010). Dissocia-
tion between controlled and automatic processes in the behav-
ioral variant of fronto-temporal dementia. Journal of Alz-
heimer’s Disease, 22(3), 897-907. https://doi.org/10.3233/
JAD-2010-100042

Costa, A., Bak, T., Caffarra, P., Caltagirone, C., Ceccaldi, M., Collette,
F., et al. (2017). The need for harmonisation and innovation of
neuropsychological assessment in neurodegenerative dementias
in Europe: Consensus document of the Joint Program for Neuro-
degenerative Diseases Working Group. Alzheimer’s Research &
Therapy, 9(1), 1-15. https://doi.org/10.1186/s13195-017-0254-x

De Souza, L. C., Chupin, M., Bertoux, M., Lehéricy, S., Dubois, B.,
Lamari, F., & Sarazin, M. (2013). Is hippocampal volume a good

@ Springer


https://osf.io/eazck/?view_only=790c6423122a4583960bc9190167924b
https://osf.io/eazck/?view_only=790c6423122a4583960bc9190167924b
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/978-3-030-51140-1_1
https://doi.org/10.1007/978-3-030-51140-1_1
https://doi.org/10.1016/j.trci.2019.09.005
https://doi.org/10.1093/brain/awab365
https://doi.org/10.1093/brain/awab365
https://doi.org/10.1007/s00259-013-2389-8
https://doi.org/10.1007/s00259-013-2389-8
https://doi.org/10.1016/j.neurobiolaging.2020.07.011
https://doi.org/10.1016/j.neurobiolaging.2020.07.011
https://doi.org/10.1016/j.biopsych.2013.08.017
https://doi.org/10.1016/j.biopsych.2013.08.017
https://doi.org/10.3233/JAD-150686
https://doi.org/10.3233/JAD-150686
https://doi.org/10.3233/JAD-170771
https://doi.org/10.3233/JAD-160522
https://doi.org/10.1177/1073858407299290
https://doi.org/10.1002/alz.12365
https://doi.org/10.1002/alz.12365
https://doi.org/10.1159/000440859
https://doi.org/10.1159/000440859
https://doi.org/10.1080/01688638408401233
https://doi.org/10.1080/01688638408401233
https://doi.org/10.1016/j.nicl.2017.05.018
https://doi.org/10.1016/j.cortex.2016.07.008
https://doi.org/10.1016/j.cortex.2016.07.008
https://doi.org/10.1007/s10072-016-2722-7
https://doi.org/10.1007/s10072-016-2722-7
https://doi.org/10.3233/JAD-2010-100042
https://doi.org/10.3233/JAD-2010-100042
https://doi.org/10.1186/s13195-017-0254-x

Neuropsychology Review

marker to differentiate Alzheimer’s disease from frontotemporal
dementia? Journal of Alzheimer’s disease, 36(1), 57-66. https://
doi.org/10.3233/JAD-122293

Dubois, B., Andrade, K., & Levy, R. (2008). Executive dysfunction
and neuropsychological testing. Handbook of Clinical Neurol-
ogy, 89, 35-52. https://doi.org/10.1016/S0072-9752(07)01203-1

Dubois, B., Feldman, H. H., Jacova, C., Cummings, J. L., DeKosky,
S. T., Barberger-Gateau, P., & Scheltens, P. (2010). Revising the
definition of Alzheimer’s disease: A new lexicon. The Lancet
Neurology, 9(11), 1118-1127. https://doi.org/10.1016/S1474-
4422(10)70223-4

Dubois, B., Feldman, H. H., Jacova, C., DeKosky, S. T., Barberger-
Gateau, P., Cummings, J., et al. (2007). Research criteria for the
diagnosis of Alzheimer’s disease: Revising the NINCDS-ADRDA
criteria. The Lancet Neurology, 6(8), 734—746. https://doi.org/10.
1016/S1474-4422(07)70178-3

Ferguson, C., & Alzheimer’s Disease Neuroimaging Initiative.
(2021). A network psychometric approach to neurocognition in
early Alzheimer’s disease. Cortex, 137, 61-73. https://doi.org/
10.1016/j.cortex.2021.01.002

Fernandez-Matarrubia, M., Matias-Guiu, J. A., Cabrera-Martin, M.
N., Moreno-Ramos, T., Valles-Salgado, M., Carreras, J. L., &
Matias-Guiu, J. (2017). Episodic memory dysfunction in behav-
ioral variant frontotemporal dementia: A clinical and FDG-
PET study. Journal of Alzheimer’s Disease, 57(4), 1251-1264.
https://doi.org/10.3233/JAD-160874

Frisch, S., Dukart, J., Vogt, B., Horstmann, A., Becker, G., Villringer,
A. et al. (2013). Dissociating memory networks in early Alz-
heimer’s disease and frontotemporal lobar degeneration-a com-
bined study of hypometabolism and atrophy. PloS one, 8(2),
e55251. https://doi.org/10.1371/journal.pone.0055251

Glosser, G., Gallo, J. L., Clark, C. M., & Grossman, M. (2002).
Memory encoding and retrieval in frontotemporal dementia and
Alzheimer’s disease. Neuropsychology, 16(2), 190-196. https://
doi.org/10.1037/0894-4105.16.2.190

Grober, E., & Buschke, H. (1987). Genuine memory deficits in
dementia. Developmental Neuropsychology, 3(1), 13-36.
https://doi.org/10.1080/87565648709540361

Grober, E., Buschke, H. C. H. B. S., Crystal, H., Bang, S., & Dresner,
R. (1988). Screening for dementia by memory testing. Neurol-
ogy, 38(6), 900-900. https://doi.org/10.1212/WNL.38.6.900

Hedges, L. V., & Olkin, I. (1985). Statistical methods for meta-analysis.
Academic press.

Hornberger, M., & Piguet, O. (2012). Episodic memory in fronto-
temporal dementia: A critical review. Brain, 135(3), 678-692.
https://doi.org/10.1093/brain/aws01 1

Hornberger, M., Piguet, O., Graham, A. J., Nestor, P. J., & Hodges,
J. R. (2010). How preserved is episodic memory in behavioral
variant frontotemporal dementia? Neurology, 74(6), 472—479.
https://doi.org/10.1212/WNL.0b013e3181cef85d

Hornberger, M., Wong, S., Tan, R., Irish, M., Piguet, O., Kril, J.,
et al. (2012). In vivo and post-mortem memory circuit integ-
rity in frontotemporal dementia and Alzheimer’s disease. Brain,
135(10), 3015-3025. https://doi.org/10.1093/brain/aws239

Hutchinson, A. D., & Mathias, J. L. (2007). Neuropsychological
deficits in frontotemporal dementia and Alzheimer’s disease:
A meta-analytic review. Journal of Neurology, Neurosurgery
& Psychiatry, 78(9), 917-928. https://doi.org/10.1136/jnnp.
2006.100669

Irish, M., Piguet, O., Hodges, J. R., & Hornberger, M. (2014). Common
and unique gray matter correlates of episodic memory dysfunc-
tion in frontotemporal dementia and Alzheimer’s disease. Human
Brain Mapping, 35(4), 1422-1435. https://doi.org/10.1002/hbm.
22263

Jack Jr, C. R., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn,
B., Haeberlein, S. B., & Silverberg, N. (2018). NIA-AA research

@ Springer

framework: Toward a biological definition of Alzheimer’s dis-
ease. Alzheimer’s& Dementia, 14(4), 535-562. https://doi.org/10.
1016/j.jalz.2018.02.018

Lage, C., Lopez-Garcia, S., Bejanin, A., Kazimierczak, M., Aracil-
Bolaiios, I., Calvo-Cérdoba, A., & Sanchez-Juan, P. (2021).
Distinctive oculomotor behaviors in Alzheimer’s disease and
frontotemporal dementia. Frontiers in aging neuroscience, 12,
525-544. https://doi.org/10.3389/fnagi.2020.603790

Lemos, R., Duro, D., Simées, M. R., & Santana, 1. (2014). The free
and cued selective reminding test distinguishes frontotemporal
dementia from Alzheimer’s disease. Archives of ClinicalNeuropsy-
chology, 29(7), 670-679. https://doi.org/10.1093/arclin/acu031

Mackenzie, I. R., Neumann, M., Bigio, E. H., Cairns, N. J., Alafuzoff,
1., Kril, J., ... & Mann, D. M. (2009). Nomenclature for neuro-
pathologic subtypes of frontotemporal lobar degeneration: Con-
sensus recommendations. Acta Neuropathologica, 117, 15-18.
https://doi.org/10.1007/s00401-008-0460-5

Mansoor, Y., Jastrzab, L., Dutt, S., Miller, B. L., Seeley, W. W., &
Kramer, J. H. (2015). Memory profiles in pathology or bio-
marker confirmed Alzheimer’s disease and frontotemporal
dementia. Alzheimer Disease and Associated Disorders, 29(2),
135-140. https://doi.org/10.1097/WAD.0000000000000062

Matuszewski, V., Piolino, P., De La Sayette, V., Lalevée, C., Pélerin,
A., Dupuy, B., et al. (2006). Retrieval mechanisms for autobio-
graphical memories: Insights from the frontal variant of fron-
totemporal dementia. Neuropsychologia, 44(12), 2386-2397.
https://doi.org/10.1016/j.neuropsychologia.2006.04.031

Modesti, P. A., Reboldi, G., Cappuccio, F. P., Agyemang, C.,
Remuzzi, G., Rapi, S., & ESH Working Group on CV Risk in
Low Resource Settings. (2016). Panethnic differences in blood
pressure in Europe: A systematic review and meta-analysis.
PloS one, 11(1), e0147601. https://doi.org/10.1371/journal.
pone.0147601

Neary, D., Snowden, J. S., Gustafson, L., Passant, U., Stuss, D.,
Black, S. A. S. A, et al. (1998). Frontotemporal lobar degen-
eration: A consensus on clinical diagnostic criteria. Neurology,
51(6), 1546—1554. https://doi.org/10.1212/WNL.51.6.1546

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann,
T. C., Mulrow, & Moher, D. (2021) PRISMA 2020 statement:
An updated guideline for reporting systematic reviews. BMJ,
372(71). https://doi.org/10.1136/bmj.n71

Pasquier, F., Grymonprez, L., Lebert, F., & Van der Linden, M.
(2001). Memory impairment differs in frontotemporal dementia
and Alzheimer’s disease. Neurocase, 7(2), 161-171. https://doi.
org/10.1093/neucas/7.2.161

Pennington, C., Hodges, J. R., & Hornberger, M. (2011). Neural cor-
relates of episodic memory in behavioral variant frontotempo-
ral dementia. Journal of Alzheimer’s Disease, 24(2), 261-268.
https://doi.org/10.3233/JAD-2011-101668

Piolino, P., Desgranges, B., Belliard, S., Matuszewski, V., Lalevée,
C., De La Sayette, V., & Eustache, F. (2003). Autobiographical
memory and autonoetic consciousness: Triple dissociation in
neurodegenerative diseases. Brain, 126(10), 2203-2219. https://
doi.org/10.1093/brain/awg222

Poos, J. M., Jiskoot, L. C., Papma, J. M., van Swieten, J. C., & van
den Berg, E. (2018). Meta-analytic review of memory impair-
ment in behavioral variant frontotemporal dementia. Journal of
the International Neuropsychological Society, 24(6), 593-605.
https://doi.org/10.1017/S1355617718000115

Poos, J. M., MacDougall, A., Van Den Berg, E., Jiskoot, L. C.,
Papma, J. M., Van Der Ende, E. L., & Genetic FTD Initiative.
(2022). Longitudinal cognitive changes in genetic frontotem-
poral dementia within the GENFI cohort. Neurology, 99(3),
€281-e295. https://doi.org/10.1212/WNL.0000000000200384

Poos, J. M., Russell, L. L., Peakman, G., Bocchetta, M., Greaves, C.
V., Jiskoot, L. C., & Bessi, V. (2021). Impairment of episodic


https://doi.org/10.3233/JAD-122293
https://doi.org/10.3233/JAD-122293
https://doi.org/10.1016/S0072-9752(07)01203-1
https://doi.org/10.1016/S1474-4422(10)70223-4
https://doi.org/10.1016/S1474-4422(10)70223-4
https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.1016/j.cortex.2021.01.002
https://doi.org/10.1016/j.cortex.2021.01.002
https://doi.org/10.3233/JAD-160874
https://doi.org/10.1371/journal.pone.0055251
https://doi.org/10.1037/0894-4105.16.2.190
https://doi.org/10.1037/0894-4105.16.2.190
https://doi.org/10.1080/87565648709540361
https://doi.org/10.1212/WNL.38.6.900
https://doi.org/10.1093/brain/aws011
https://doi.org/10.1212/WNL.0b013e3181cef85d
https://doi.org/10.1093/brain/aws239
https://doi.org/10.1136/jnnp.2006.100669
https://doi.org/10.1136/jnnp.2006.100669
https://doi.org/10.1002/hbm.22263
https://doi.org/10.1002/hbm.22263
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.3389/fnagi.2020.603790
https://doi.org/10.1093/arclin/acu031
https://doi.org/10.1007/s00401-008-0460-5
https://doi.org/10.1097/WAD.0000000000000062
https://doi.org/10.1016/j.neuropsychologia.2006.04.031
https://doi.org/10.1371/journal.pone.0147601
https://doi.org/10.1371/journal.pone.0147601
https://doi.org/10.1212/WNL.51.6.1546
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1093/neucas/7.2.161
https://doi.org/10.1093/neucas/7.2.161
https://doi.org/10.3233/JAD-2011-101668
https://doi.org/10.1093/brain/awg222
https://doi.org/10.1093/brain/awg222
https://doi.org/10.1017/S1355617718000115
https://doi.org/10.1212/WNL.0000000000200384

Neuropsychology Review

memory in genetic frontotemporal dementia: A GENFI study.
Alzheimer’s & Dementia: Diagnosis, Assessment & Disease
Monitoring, 13(1), e12185. https://doi.org/10.1002/dad2.12185

Pozueta, A., Lage, C., Garcia-Martinez, M., Kazimierczak, M.,
Bravo, M., Lopez-Garcia, S., & Sanchez-Juan, P. (2019). Cogni-
tive and behavioral profiles of left and right semantic dementia:
Differential diagnosis with behavioral variant frontotemporal
dementia and Alzheimer’s disease. Journal of Alzheimer’s Dis-
ease, 72(4), 1129-1144. https://doi.org/10.3233/JAD-190877

Ramanan, S., Bertoux, M., Flanagan, E., Irish, M., Piguet, O.,
Hodges, J. R., & Hornberger, M. (2017). Longitudinal executive
function and episodic memory profiles in behavioral-variant
frontotemporal dementia and Alzheimer’s disease. Journal of
the International Neuropsychological Society, 23(1), 34-43.
https://doi.org/10.1017/S1355617716000837

Rascovsky, K., Hodges, J. R., Knopman, D., Mendez, M. F., Kramer,
J. H., Neuhaus, J., et al. (2011). Sensitivity of revised diagnostic
criteria for the behavioural variant of frontotemporal dementia.
Brain, 134(9), 2456-2477. https://doi.org/10.1093/brain/awr179

Sarazin, M., Berr, C., De Rotrou, J., Fabrigoule, C., Pasquier, F.,
Legrain, S., & Dubois, B. (2007). Amnestic syndrome of the
medial temporal type identifies prodromal AD: A longitudinal
study. Neurology, 69(19), 1859—-1867. https://doi.org/10.1212/
01.wnl.0000279336.36610.f7

Sarazin, M., Chauviré, V., Gerardin, E., Colliot, O., Kinkingnéhun,
S., & De Souza, L. C. (2010). The amnestic syndrome of hip-
pocampal type in Alzheimer’s disease: An MRI study. Journal
of Alzheimer’s Disease, 22(1), 285-294. https://doi.org/10.
3233/JAD-2010-091150

Simons, J. S., & Spiers, H. J. (2003). Prefrontal and medial tem-
poral lobe interactions in long-term memory. Nature Reviews
Neuroscience, 4(8), 637-648. https://doi.org/10.1038/nrn1178

Sorbi, S., Hort, J., Erkinjuntti, T., Fladby, T., Gainotti, G., Gurvit, H.,
& EFNS Scientist Panel on Dementia and Cognitive Neurology.
(2012). EFNS-ENS Guidelines on the diagnosis and manage-
ment of disorders associated with dementia. European Journal

of Neurology, 19(9), 1159-1179. https://doi.org/10.1111/j.1468-
1331.2012.03784.x

Tavares, T. P., Mitchell, D. G., Coleman, K. K., Coleman, B. L.,
Shoesmith, C. L., Butler, C. R., & Finger, E. (2020). Early
symptoms in symptomatic and preclinical genetic frontotem-
poral lobar degeneration. Journal of Neurology, Neurosur-
gery & Psychiatry, 91(9), 975-984. https://doi.org/10.1136/
jnnp-2020-322987.

Teichmann, M., Epelbaum, S., Samri, D., Nogueira, M. L., Michon,
A., Hampel, H., & Dubois, B. (2017). Free and Cued Selec-
tive Reminding Test—accuracy for the differential diagnosis
of Alzheimer’s and neurodegenerative diseases: A large-scale
biomarker-characterised monocenter cohort study (ClinAD).
Alzheimer’s&dementia, 13(8), 913-923. https://doi.org/10.
1016/j.jalz.2016.12.014

Thomas-Anterion, C., Jacquin, K., & Laurent, B. (2000). Differential
mechanisms of impairment of remote memory in Alzheimer’s
and frontotemporal dementia. Dementia and Geriatric Cognitive
Disorders, 11(2), 100-106. https://doi.org/10.1159/000017221

Tosi, G., Borsani, C., Castiglioni, S., Daini, R., Franceschi, M., &
Romano, D. (2020). Complexity in neuropsychological assess-
ments of cognitive impairment: A network analysis approach.
Cortex, 124, 85-96. https://doi.org/10.1016/j.cortex.2019.11.004

Yew, B., Alladi, S., Shailaja, M., Hodges, J. R., & Hornberger, M.
(2013). Lost and forgotten? Orientation versus memory in Alzhei-
mer’s disease and frontotemporal dementia. Journal of Alzheimer’s
disease, 33(2), 473-481.https://doi.org/10.3233/JAD-2012-120769

Zakzanis, K. K. (2001). Statistics to tell the truth, the whole truth,
and nothing but the truth Formulae, illustrative numerical exam-
ples, and heuristic interpretation of effect size analyses for neu-
ropsychological researchers. Archives of Clinical Neuropsychol-
ogy, 16(7), 653-667. https://doi.org/10.1093/arclin/16.7.653

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/dad2.12185
https://doi.org/10.3233/JAD-190877
https://doi.org/10.1017/S1355617716000837
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1212/01.wnl.0000279336.36610.f7
https://doi.org/10.1212/01.wnl.0000279336.36610.f7
https://doi.org/10.3233/JAD-2010-091150
https://doi.org/10.3233/JAD-2010-091150
https://doi.org/10.1038/nrn1178
https://doi.org/10.1111/j.1468-1331.2012.03784.x
https://doi.org/10.1111/j.1468-1331.2012.03784.x
https://doi.org/10.1136/jnnp-2020-322987
https://doi.org/10.1136/jnnp-2020-322987
https://doi.org/10.1016/j.jalz.2016.12.014
https://doi.org/10.1016/j.jalz.2016.12.014
https://doi.org/10.1159/000017221
https://doi.org/10.1016/j.cortex.2019.11.004
https://doi.org/10.3233/JAD-2012-120769
https://doi.org/10.1093/arclin/16.7.653

	Genuine Memory Deficits as Assessed by the Free and Cued Selective Reminding Test (FCSRT) in the Behavioural Variant of Frontotemporal Dementia. A Systematic Review and Meta-analysis Study
	Abstract
	Introduction
	Materials and Methods
	Identification of Studies
	Study Selection
	Data Extraction
	Study Quality Assessment
	Data Synthesis and Analysis

	Results
	bvFTD vs Cognitively Unimpaired Participants
	bvFTD vs AD
	Qualitative Assessment

	Discussion
	Anchor 15
	References


