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Cinzia Bussèa, Giovanni Zorzia,b, Ilaria Pettenuzzoa, Stefano Mozzettaa and Annachiara Cagnina,b,∗
aDepartment of Neurosciences (DNS), University of Padova, Padova, Italy
bPadova Neuroscience Center (PNC), University of Padova, Padova, Italy

Received 19 February 2023
Accepted 6 May 2023
Pre-press 6 June 2023
Published 12 June 2023

Abstract. Behavioral frontotemporal dementia (bvFTD) may present with episodic memory deficits. In 38 patients with
bvFTD and 61 with Alzheimer’s disease (AD) specific measures of verbal memory (learning curves and serial position
effects) were studied through the Rey Auditory Verbal Learning test. Forty-two percent of bvFTD showed deficits of delayed
recall memory similar to that found in AD including the serial position effects. Amnestic bvFTD had more severe atrophy in
the left mesial temporal lobe than non-amnestic bvFTD. AD-like memory deficits are not infrequent in bvFTD and may be
in part related to mesial temporal lobe atrophy.
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INTRODUCTION

Cognitive profile of behavioral variant frontotem-
poral dementia (bvFTD) is characterized by executive
deficits and a relative sparing of episodic mem-
ory respect to executive dysfunction [1]. However,
some patients with probable bvFTD may present with
memory complaints and lower scores in episodic
memory tests [2, 3]. A recent meta-analysis showed
that memory functioning in bvFTD is at an intermedi-
ate level between controls and patients with dementia
due to Alzheimer’s disease (AD) [3]. Bertoux and
colleagues reported that 43% of patients with bvFTD
presented amnesia similar to that found in mild AD,
as well as atrophy of the rostral prefrontal cor-
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tex and hippocampal-perihippocampal regions [4].
Decreased memory performance in bvFTD may
result from an impairment of hippocampal-based
consolidation of information, and/or from executive
deficits that hinder the use of encoding and retrieval
strategies [5, 6]. In favor of a primary memory deficit,
previous studies showed that performances in exec-
utive tasks and in memory are not interdependent in
bvFTD, while they are strongly associated in healthy
subjects [7] and in conditions where medial temporal
lobe regions are relatively preserved [8].

Recently Kloth et al. observed that a few patients
with bvFTD had measures of free recall rate at the
Rey Auditory Verbal Learning test (RAVLT) similar
to those found in AD [9]. However, studying the serial
positions effects, the amnestic bvFTD (a-bvFTD)
group showed better performances than AD in the
recency position of the immediate recall trial and pro-
posed this index as discriminator between AD and
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bvFTD even when the overall memory impairment
is similar. On the other way round, other measures
of serial position effects, such as the ratio between
immediate and delayed performance at recency posi-
tion, have been proposed as diagnostic marker of
AD-related neurodegeneration and as marker of pro-
gression to dementia in patients with mild cognitive
impairment [10, 11].

The hypothesis of this study was that some patients
with bvFTD may have objective episodic memory
deficits similar to those found in AD, but with sub-
tle differences which could be detected by analyzing
serial position effects. To this purpose, immediate
and delayed free recall at the episodic verbal memory
task, different measures of serial position effects and
learning curve performances were studied in bvFTD
and AD patients.

METHODS

Patients

A total of 125 subjects participated in this
retrospective study: 38 with bvFTD (mean age:
66.61 ± 8.95 years, female/male: 15/23), 61 with AD
(mean age: 71.30 ± 8.08 years, female/male: 30/31),
and 27 age-matched healthy elderly (mean age:
72.56 ± 3.72 years, female/male: 20/7). Diagnoses
of probable bvFTD and AD were made according
to current diagnostic criteria [1, 12]. The inclu-
sion criteria were: Mini-Mental State Examination
(MMSE) score ≥ 15 and lack of severe language
deficit or behavioral disturbances interfering with
neuropsychological assessment. Exclusion criteria
were: previous diagnoses of primary psychiatric dis-
orders; systemic or brain diseases responsible for
behavioral/cognitive alterations; a past history of
head injury; a diagnosis of another neurodegenerative
disease; and/or evidence of substantial concomitant
cerebrovascular disease defined by a history of stroke
temporally related to the disease onset or presence of
multiple or extensive infarcts or severe white matter
hyperintensity burden assessed with MRI or CT scan;
comorbid AD-pathology in a-bvFTD cases.

Patients with bvFTD underwent a diagnostic
work-up including Neuropsychiatric Inventory (NPI)
questionnaire, brain MRI and FDG-PET, and genetic
testing for pathogenic mutations associated with
FTD. Visual rating scales of regional brain atrophy
and vascular load were applied to individual MRI
scans of bvFTD patients by two readers (SM and AC).
Medial temporal lobe atrophy (MTA) was assessed

using a standardized scale evaluating atrophy on
the base of width of coroid fissure, enlargement of
the temporal horn of lateral ventricle and height
of hippocampus, on the coronal T1-weighted plane
images. The right and left sides were rated sepa-
rately. Possible scores ranged from 0 (no atrophy) to 4
(severe atrophy) [13, 14]. Small vessel ischemia was
assessed using the Fazekas scale. It evaluated white
matter hyperintense signal abnormalities surround-
ing the ventricles and in the deep white matter [15].
Hyperintensity was graded depending on the size and
confluence of lesions from 0 (absent) to 3 (confluent
areas/extending into the deep white matter).

Lumbar puncture was performed to obtain CSF
for detection of amyloid-� 1-42, total tau, and p-
tau levels in bvFTD patients. All a-bvFTD patients
had negative CSF biomarkers for AD, excluding
AD-related co-pathology. Healthy elderly individu-
als served as control group (HC) and were recruited
from participants to the community services among
subjects with MMSE ≥ 27. This study was com-
pleted in accordance with Helsinki declaration and
was approved by the Ethical Committee of Padova
Hospital (n. 0038879).

Neuropsychological assessment

Participants underwent neuropsychological
assessment including: the MMSE [16] for the
evaluation of global cognitive performance; the digit
cancellation test [17] and the Trail Making Test-A
[18] for the evaluation of visual attention; the digit
span forward and backward tests [19] for short-term
memory; the prose memory immediate and delayed
recall tests for long-term memory; the letter fluency
test for the assessment of word generation and
executive functioning; the clock drawing test [16]
for visuo-constructional abilities and executive func-
tions; the Rey-Osterrieth Complex Figure (ROCF)
test for the assessment of visuo-constructional
abilities (ROCF copy) and long-term visual-spatial
memory (ROCF delayed recall) [20].

The RAVLT was administered to each participant
following standard procedure [21]. This test consists
of 15 semantically unrelated nouns read aloud by the
examiner, with a 1-s interval between each word, for
five consecutive trials (trials 1 to 5), always in the
same order. Immediately following each trial, sub-
jects are asked to recall as many words as possible not
considering the order in which they were read. There
is no time constraint for recall. Following 15 min
delay, each subject is again required to recall the word
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list (trial 6). The raw score obtained from summing
the number of correctly recalled items in each trial
(trials 1 + 2+3 + 4+5) represents the immediate recall
score (IR). The delayed recall score (DR) is calcu-
lated from the number of items correctly recalled
in trial 6. The effects of word serial position were
assessed by parsing the full list into regions: the first
4 words represent the primacy region (P4) and the
last 4 words represent the recency region (R4). We
also calculated short primacy and recency by includ-
ing only the first and last two words, thus creating
P2 and R2, respectively, as recently proposed [9, 21].
Patients with bvFTD were divided into amnestic or
non-amnestic subgroups according to individual val-
ues of DR performance as previously described in the
paper of Kloth [9] and using cut-off level of normal
DR based on Italian normative data.

From the RAVLT measures, two indices were
calculated: the recency ratio (Rr) [10, 11] and the
recency dominance (RD) [9]. The Rr is the ratio
between the first 4 items in the recency region (R4)
in both immediate recall and delayed recall, with the
formula: R4 + 1 (trial 1 or trial 5) divided by R4 + 1
in delayed recall (trial 6). The RD is obtained by sub-
tracting the number of recalled items in the primacy
region (first 2 or 4 words) from the number of recalled
items on recency positions (last 2 or 4 words), divided
by the overall number of items recalled in that trial
1 [9]. RD scores of 0 indicate equal recency and pri-
macy effects; positive RD values means poorer recall
of primacy compared to recency; and finally, negative
RD values indicate poorer recency compared to pri-
macy. Both Rr and RD scores were calculated using
either 4 and 2 recalled items of recency regions.

Statistical analysis

Continuous variables were tested for normality
of distribution, and visual inspection of histograms
and qi-plots were performed. Categorical variables
were analyzed using chi-squared test, while continu-
ous variables with Kruskal-Wallis test or ANCOVA
when appropriate. The results were controlled for
multiple comparison using FDR correction. Post-
hoc analysis was performed with a Mann-Whitney
U or independent t-test when appropriate and results
were controlled for multiple comparison. The signif-
icance level used in the study was �=0.05. Age, sex,
MMSE, and education were used as nuisance factors.
Spearman correlation test was applied to investigate
relation between specific memory measures and other
cognitive variables.

RESULTS

Clinical and cognitive features of a-bvFTD

Sixteen over 38 bvFTD patients had delayed recall
memory scores below cut-off values of normality
and were therefore classified as a-bvFTD, while the
remaining patients were classified as non-amnestic
(na-bvFTD). Demographic, clinical, and cognitive
characteristics of a-bvFTD, na-bvFTD, and AD are
reported in Table 1.

Patients with a-bvFTD and AD were comparable
a part from a younger age of a-bvFTD. a-bvFTD per-
formed worse than AD in short-term memory (digit
span test) and phonemic fluency.

Amnestic-bvFTD had similar age and lower
MMSE score than na-bvFTD. They had also a
similar profile of cognitive impairment and sim-
ilar burden of behavioral changes (mean NPI
total score = a-bvFTD: 36±18; na-bvFTD: 30±17,
p = 0,4). Analysis of MRI data from visual rating
scales showed greater atrophy in the left medial
temporal lobe in a-bvFTD respect to na-bvFTD
(median±IQR=2±2 and 0±1 respectively, W = 93,
punc = 0.01) while other measures of atrophy (GCA
and right MTA) or vascular load (Fazekas scale) were
similar. One patient with a-bvFTD tested positive for
progranulin mutation, while 4/22 of na-bvFTD were
positive for c9orf72 expansion.

Demographic and cognitive data of the whole
bvFTD group, AD and HC are shown in Supplemen-
tary Table 1.

Verbal memory in a-bvFTD versus AD dementia

a-bvFTD had lower mean scores than AD and na-
bvFTD in the last trial of the immediate recall of
RAVLT (a-bvFTD=4.53 ± 1.73; AD = 6.13 ± 2.39;
na-bvFTD=7.27 ± 2.80; p = 0.01) (Fig. 1) and this
finding correlated with worse working memory (digit
span forward: r = 0.62, p = 0.02) and attention (digit
cancellation: r = 0.69, p = 0.008). Generalized mixed
effect model was used controlling for sex, age
and MMSE. We found a significant group effect
(p < 0.001). Post-hoc analysis revealed significant
worse performances for a-bvFTD respect to both
AD (t = 3.78, p < 0.001) and na-bvFTD (t = 4.79,
p < 0.001).

No intergroups differences were found in serial
position effects, except for lower P2 scores in a-
bvFTD than in AD group only in trial 5, that did
not survive multiple comparison analysis (Table 2).
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Table 1
Demographic and cognitive data of AD, a-bvFTD, and na-bvFTD subgroups

AD a-bvFTD na-bvFTD AD AD a-bvFTD
(n = 61) (n = 16) (n = 22) versus versus versus

a-bvFTD na-bvFTD na-bvFTD
Mean/median± Mean/median± Mean/median± Statistical p p p P

SD/IQR SD/IQR SD/IQR analysis P

Age (y) 71.30 ± 8.08 63.88 ± 8.31 68.59 ± 9.05 F(2,99)=5.19 <0.01 0.01 0.68 0.32
Education (y) 11.48 ± 4.65 8.75 ± 4.19 8.32 ± 3.06 F(2,96)=5.71 <0.01 0.10 <0.01 1.00
Female [n] (%) 30 (49.18) 6 (37.5) 9 (40.91) χ2 = 0.93 0.62
Disease duration (y) 3.1 ± 1.86 2.69 ± 1.5 2.73 ± 1.3 0.65

Global cognition
MMSE score 24.61 ± 3.22 24 ± 2.99 26.81 ± 2.75 F(2,95)=5.71 <0.01 1.00 0.01 0.02

Attention and memory span
Digit cancellation 41.18 ± 11.99 40.93 ± 12.10 39.70 ± 9.08 F(2,82)=4.05 0.02 1.00 0.03 0.08
Digit span forward 5.15 ± 0.77 4.14 ± 1.66 4.45 ± 0.60 F(2,81)=10.61 <0.001* <0.01 <0.01 1.00
TMT-A (s) 97.32 ± 65.67 120.31 ± 83.38 78.78 ± 35.48 F(2,86)=0.72 0.48

Executive functions
Digit span backward 3.55 ± 0.89 2.69 ± 1.49 3.19 ± 0.75 F(2,79)=4.97 0.01 0.02 0.16 1.00
Phonemic fluency 25.02 ± 10.96 14.47 ± 10.93 24.50 ± 11.74 F(2,81)=4.37 0.02 0.01 1.00 0.09
Semantic fluency 26.18 ± 12.13 18.86 ± 9.48 28.11 ± 11.55 F(2,77)=2.55 0.08

Visual abilities
Copy of ROCF 24.08 ± 9.90 23.71 ± 8.77 22.62 ± 7.72 F(2,78)=1.29 0.28
Clock drawing test 6.16 ± 3.21 6.14 ± 3.38 6.05 ± 3.67 F(2,82)=0.14 0.86

Episodic and Visual Memory
RAVLT total IR 24.23 ± 8.73 21.00 ± 7.33 29.77 ± 7.86 F(2,91)=0.66 0.51
RAVLT total DR 1 ± 2 2 ± 2 6 ± 2 χ2(99)=34.64 <0.001* 1.00 <0.001 <0.001
Prose memory IR 7.20 ± 4.42 6.83 ± 4.28 8.59 ± 3.26 F(2,74)=0.37 0.69
Prose memory DR 6.22 ± 5.03 7.83 ± 5.39 9.53 ± 3.48 F(2,73)=0.15 0.85
Recall of ROCF 6.23 ± 5.52 7.23 ± 5.71 9.67 ± 7.19 F(2,76)=0.14 0.86

*Represents significances that survive after correction for multiple comparison (13 variables). MMSE, Mini-Mental State Examination; TMT-A, Trail Making Test-A; ROCF, Rey-Osterrieth
Complex Figure; RAVLT, Rey Auditory Verbal Learning task; IR, immediate recall; DR, delayed recall; AD, Alzheimer’s disease; a-bvFTD, amnestic variant of behavioral frontotemporal
dementia; na-bvFTD, non-amnestic variant of behavioral frontotemporal dementia.
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Fig. 1. Number of words recalled in the immediate recall trials 1, 2, 3, 4, and 5 of the RAVLT in AD, a-bvFTD, na-bvFTD patients, and HC.
Mean value of words recalled at trial 5 in the a-bvFTD is lower than AD (p = 0.010) and na-bvFTD (p = 0.013).

The Rr at both trial 1 and 5 and RD indices were
not significantly different between a-bvFTD and AD,
while lower values of Rr were detected in na-bvFTD
compared to AD.

DISCUSSION

In this study 42% of bvFTD patients had deficits
of delayed recall verbal memory. Although clinical
diagnostic criteria of bvFTD [1] state that delayed
memory is usually relatively preserved, we confirm
the results of previous studies describing an impair-
ment of episodic memory in a non-negligible subset
of bvFTD patients [9, 22–25]. In general, however,
patients with bvFTD perform better than AD when
remembering details of a story [26, 27].

Very few studies investigated clinical and cognitive
differences of a-bvFTD respect to na-bvFTD. Avail-
able literature gives mixed results with some studies
showing worse lexical and semantic fluency in a-
bvFTD [7] while others describing no differences in
the extra-memory cognitive domains [25]. We did not
find significant differences in the profile of cognitive
impairment in a-bvFTD compared to na-bvFTD.

Decreased learning abilities in the immediate recall
task is the only memory measure distinguishing a-
bvFTD from AD. Other specific metrices of verbal
memory such as serial effects, recency ratio and
recency dominance did not differentiate the two

groups except for a more evident short primacy at
trial 5 that disappeared considering the whole pri-
macy (with 4 positions). These data did not confirm
previous results from Kloth and collaborators that
found a reduced recall of primacy items in a-bvFTD
and a maintained recall of recency items in AD [9].
They suggested that an index including these two
measures, the recency dominance, could be useful in
the differential diagnosis between a-bvFTD and AD.
Differences with previous results may be due to dif-
ferent characteristics of recruited AD patients (higher
MMSE and older age in our study) and low sample
size of a-bvFTD in the previous study.

Amnesia in some bvFTD patients may be caused
by both defective learning strategies due to frontal
lobe dysfunction and impaired consolidation pro-
cesses due to temporal lobe atrophy. It has been shown
that atrophy and hypometabolism of mesial tempo-
ral structures may play a role in determining memory
deficit in bvFTD [25]. Interestingly, we found higher
mesial temporal lobe atrophy on visual rating scale
in a-bvFTD than na-bvFTD suggesting a possible
role of hippocampal atrophy in the genesis of mem-
ory deficits in a-bvFTD. However, a limitation of
this study is that our findings could not disentangle
the relative contribution of decreased encoding func-
tion from alteration of hippocampal-related memory
processes. We could also not define whether mem-
ory deficits appear in the more advance disease
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Table 2
Serial position effects with the RAVLT of AD, a-bvFTD, and na-bvFTD subgroups

RAVLT AD a-bvFTD na-bvFTD AD AD a-bvFTD
Serial position (n = 61) (n = 16) (n = 22) versus versus versus
effects a-bvFTD na-bvFTD na-bvFTD

Mean/median± Mean/median± Mean/median± Statistical p p p P
SD/IQR SD/IQR SD/IQR P

Primacy (4) Trial 1 1 ± 1 0 ± 1.25 1 ± 1 χ2(99)=1.53 0.46
Primacy (2) Trial 1 0 ± 1 0 ± 1 1 ± 1 χ2(99)=1.84 0.40
Primacy (4) Trial 5 2.08 ± 1.17 1.38 ± 1.15 2.23 ± 1.11 F(2,91)=3.04 0.052
Primacy (2) Trial 5 1 ± 1 0 ± 1 1 ± 1 χ2(99)=8.89 0.01 0.02 1.00 0.11
Recency (4) Trial 1 1.95 ± 1.22 1.56 ± 1.31 2.14 ± 1.04 F(2,91)=0.49 0.70
Recency (2) Trial 1 1.25 ± 0.83 0.94 ± 0.77 1.50 ± 0.51 F(2,91)=1.27 0.29
Recency (4) Trial 5 2.23 ± 1.23 2.19 ± 1.42 2.27 ± 1.24 F(2,91)=0.40 0.66
Recency (2) Trial 5 1.23 ± 0.80 1.38 ± 0.81 1.14 ± 0.77 F(2,91)=0.11 0.9
Rr index (4) Trial 1 2.29 ± 1.17 2.03 ± 1.47 1.40 ± 0.90 F(2,91)=3.58 0.03 1.00 0.03 0.24
Rr index (4) Trial 5 2.50 ± 1.22 2.42 ± 1.51 1.37 ± 0.58 F(2,91)=3.1 0.052
RD index (2) Trial 1 1 ± 2 0.5 ± 1 1 ± 1.75 χ2(99)=0.77 0.68
RD index (4) Trial 1 1 ± 3 1 ± 2.5 1 ± 2 χ2(99)=0.39 0.82

RR, recency index; RD, recency dominance; (4), region of four items; (2), region of two items. RAVLT–IR, Rey’s Auditory Verbal Learning Test–Immediate Recall; AD,
Alzheimer’s disease; a-bvFTD, amnestic variant of behavioral frontotemporal dementia; na-bvFTD, non-amnestic variant of behavioral frontotemporal dementia.
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stage in the course of bvFTD since a-bvFTD had
greater global cognitive impairment than a-bvFTD,
or whether is a distinct phenotype independent from
disease severity.

In summary, patients with a-bvFTD may have
memory impairment similar to that found in AD that
may be caused by a different degree of both defec-
tive learning strategies due to frontal lobe dysfunction
and impaired consolidation processes due to temporal
lobe atrophy.
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