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 Abstract 
  Background:  The diagnosis of behavioral variant of frontotemporal dementia (bvFTD) relies 
primarily on clinical features and remains challenging. The specificity of the recently revised 
criteria can be disappointing, justifying development of new clinical tools.  Objective:  We 
produced a behavioral inventory named DAPHNE. This scale (adapted from Rascovsky’s cri-
teria) explores six domains: disinhibition, apathy, perseverations, hyperorality, personal ne-
glect and loss of empathy. It is composed of ten items (five answer categories). The aim was 
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(1) to assess the validity and reliability of DAPHNE and (2) to evaluate its contribution in dif-
ferentiating patients.  Methods:  Two scores were computed: DAPHNE-6 (screening) from the 
six domains and DAPHNE-40 (diagnosis) from the ten items. Reliability and reproducibility 
were assessed. External validity was studied with the Frontal Behavioral Inventory (FBI) and 
the Frontotemporal Behavioral Scale (FBS). Finally, the diagnostic performance of DAPHNE 
was compared to revised criteria, FBI and FBS.  Results:  DAPHNE was administered to the 
caregivers of 89 patients, 36 with bvFTD, 22 with Alzheimer’s disease, 15 with progressive 
supranuclear palsy and 16 with bipolar disorder. Reliability and reproducibility were excellent, 
as was external validity. DAPHNE-6 allowed bvFTD diagnosis (score  ≥ 4) with a sensitivity of 
92%, while DAPHNE-40 (score  ≥ 15) had a specificity of 92%.  Conclusion:  We demonstrate 
excellent psychometric features for DAPHNE. This quick tool could help for both diagnosing 
and screening bvFTD.  © 2015 The Author(s)

Published by S. Karger AG, Basel 

 Introduction 

 Different clinical variants of frontotemporal dementia (FTD) have been delineated, the 
most common of which is behavioral variant of FTD (bvFTD). Patients with bvFTD exhibit 
early decline in social behavior and personal conduct  [1–3] . In the absence of definitive 
biomarkers, the diagnosis of bvFTD relies primarily on clinical features and remains chal-
lenging as bvFTD patients are frequently underdiagnosed or misdiagnosed, with psychiatric 
disorders for example.

  Recently an international consortium developed revised guidelines for the diagnosis of 
bvFTD  [4] . The validation process retrospectively reviewed clinical records and compared 
the sensitivity of proposed and earlier criteria in a multisite sample of patients with patho-
logically verified frontotemporal lobar degeneration. Among these new criteria developed by 
Rascovsky et al.  [4] , five out of the six clinically discriminating features concern psycho-
behavioral disturbances. Unfortunately, as stated by the authors themselves, these criteria 
were not tested in neurological or psychiatric comparison groups to assess specificity. Thus, 
the use of these criteria might be sensitive but not specific enough to really help in differen-
tiating non-bvFTD patients with quite similar clinical presentations.

  In clinical practice, early-onset Alzheimer’s disease (AD) is often difficult to distinguish 
from bvFTD  [5] . Firstly, memory testing sometimes has limited value to differentiate AD 
from FTD  [6] , and secondly, behavioral disorders may be more frequent in younger AD 
patients than in older ones  [7] . Patients with frontal damage, such as progressive supranu-
clear palsy (PSP), can also be difficult to differentiate from bvFTD patients at an early stage 
when behavior disorders are prominent  [8] . Another major differential diagnosis is bipolar 
disorder (BP)  [9] .

  To improve clinical diagnostic accuracy, numerous scales have been proposed, mostly 
focusing on the assessment of the behavioral symptoms in bvFTD patients. These scales are 
either not specific, based on outdated consensus criteria and/or too time-consuming to be 
routinely performed. For instance, the Frontal Behavioral Inventory (FBI), proposed by 
Kertesz et al. in 1997  [10] , was based on the Lund and Manchester criteria  [11] . Furthermore, 
using these scales ‘at the patient’s bedside’ for routine evaluation takes too much time in 
clinical practice, with the scoring system often much too complicated for both patients and 
caregivers.

  In order to better and more readily identify the behavioral symptoms in FTD, we have 
developed a new and original scale named DAPHNE. The primary aim of this prospective 
multicenter study was to test the validity and reliability of this new scale and then to inves-
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tigate whether it could be helpful in diagnosing bvFTD and especially in differentiating 
patients with or without bvFTD.

  If behavioral disturbances are essential to differentiate between bvFTD and non-bvFTD 
patients, the neuropsychological evaluation seem also important  [12] . Thus, the secondary 
purpose of the present study was to investigate, among different groups of patients with or 
without bvFTD, the possible relationship between this new behavioral scale, DAPHNE, and 
other measures such as traditional cognitive efficiency and social cognition tests, as well as 
caregiver’s burden.

  Patients and Methods 

 Study Design 
 This was a prospective multicenter cohort study. Patients and caregivers were enrolled 

from five French expert memory centers. All these centers have extensive experience in 
neurodegenerative diseases, especially in FTD. Psychiatric patients (and caregivers) were 
also referred from the psychiatric department of Nantes University Hospital. The patients
and their caregivers were seen for evaluation, at the investigation center, on day 0, then at
6 months and finally 1 year after enrollment. 

 Ethical Considerations 
 The study protocol was approved by the Committee on Ethics and Human Research 

(Comité de Protection des Personnes Ouest VI), in compliance with the Code of Ethics of the 
World Medical Association (Declaration of Helsinki). All patients and caregivers gave written 
informed consent.

  Subjects and Inclusion Criteria 
 For inclusion in the study, the following criteria had to be met: (1) the patient had a care-

giver and both had accepted to participate to the study, and (2) the patient was referred to 
one reference memory center (3) where the diagnostic was either bvFTD, AD, PSP or BP. 
Inclusion of healthy subjects did not seem relevant since the aim was to investigate a new 
behavioral disturbance scale among different groups of ill patients.

  The following clinical features were required. To avoid inclusion of patients with too 
advanced disease, a Mini-Mental State Examination (MMSE) score >18 was necessary  [13] . 
For FTD patients, the revised Rascovsky criteria had to be met for possible bvFTD. AD patients 
had to fulfill the modified McKhann et al.’s criteria  [14]  while PSP patients had to fulfill the 
criteria for possible or probable PSP  [15] . Psychiatrists referred BP patients. The DSM-IV 
criteria for BP were checked. Acute mood symptoms were not allowed.

  At inclusion, all patients underwent structural magnetic resonance imaging and  99m Tc-
ECD brain single-photon emission computed tomography. For bvFTD patients the findings 
had to be consistent with the diagnosis. Thus, at inclusion all bvFTD patients met Rascovsky’s 
criteria for probable bvFTD.

  Cerebrospinal fluid biomarkers had to be in accordance with the diagnosis for AD patients 
(Aβ 1–42 <500 ng/l, T-tau >350 ng/l and P-tau181P >50 ng/l) and were also required for FTD 
patients when an AD diagnosis could not be ruled out based solely on clinical or radiologic 
and scintigraphic features.

  At enrollment the patients were allocated to one out of four groups: bvFTD, AD, PSP or 
BP. Since the initial diagnosis could sometimes be challenging, the reference physician was 
asked to confirm the diagnosis at the end of the follow-up (minimum 1 year).

http://dx.doi.org/10.1159%2F000440859
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  DAPHNE, a New Behavioral Disturbance Scale 
 In early 2012, a national consortium of French-speaking experts was selected. A first 

draft scale was produced (C.B.B. and C.T.A.). Ten experts participated in a modified Delphi 
process in order to validate proposals for each item of this initial scale. These clinicians are 
all working in French university hospitals. The experts were asked to evaluate proposals for 
each item (with a score from 0 to 4) and, if necessary, to comment on it. Their responses were 
gathered and analyzed. If the proposal item did not have the same score at 80%, it was 
modified according to the experts’ comments. Three rounds were necessary to produce a six-
domain ten-item scale, named DAPHNE for disinhibition, apathy, perseverations, hyper-
orality, personal neglect and loss of empathy.

  Domains were selected from the core diagnostic features of Rascovsky’s criteria. The 
‘personal neglect’ domain was added in accordance with Kertesz et al.’s FBI  [10] , Lebert et 
al.’s Frontotemporal Behavioral Scale (FBS)  [16]  and following our experience. The DAPHNE 
scale was designed as a series of semi-structured propositions to be asked of caregivers. It 
was composed of items with five possible answer categories. The process determined that 
one item was sufficient to characterize the following deficits: apathy, loss of empathy, per-
severations and personal neglect. However, disinhibition and hyperorality required several 
items for accurate assessment. In our experience, it is often difficult for caregivers to evaluate 
the degree of severity, so we proposed a scoring system similar to the Clinical Dementia 
Rating (CDR) scale instead of scoring with only a severity score  [17] . The scoring on a five-
point scale (none, very mild, mild, moderate and severe) for each item is dependent on the 
severity and/or frequency, gauged by an increase in behavioral troubles. We proposed 
progressive graduation for each item with description and examples.

  At the end of 2012, the Delphi process had produced the final DAPHNE scale. The English 
version is presented in  table 1  while the French version can be found as a supplementary 
online file (online supplementary table S1; for all online supplementary material, see www.
karger.com/doi/10.1159/000440859).

  Procedures 
  Behavioral Scales.  In order to assess the validity of DAPHNE, the FBI and the FBS were 

used. We previously demonstrated that FBI is a very useful scale in bvFTD, especially compared 
to the Neuropsychiatric Inventory  [18] . The FBI constructed by Kertesz et al.  [10]  in 1997 is 
a 24-item questionnaire that targets behaviors or personality changes specific to bvFTD. The 
practical (sensitive) cut-off for the diagnosis of bvFTD was set at 27 out of 72  [10, 19] . The 
FBS is a short scale appreciated for its specificity  [16] . It indicates the presence of distur-
bances such as self-control disorder, physical neglect, mood disorder and lower general 
interest. The maximum score is 4, and a score of 3, with mild-to-moderate dementia (MMSE 
>18), is in favor of bvFTD.

   Complete Neuropsychological Assessment.  In addition to behavioral scales, all patients 
underwent a neuropsychological examination. Overall efficiency was evaluated using the 
MMSE  [20] . Executive function was assessed by the Frontal Assessment Battery  [21] , the Trail 
Making Test  [22] , the modified Wisconsin Card Sorting Test  [23] , verbal fluency  [24]  and the 
Zoo Map Test  [25] . Visuoconstructional praxis was assessed by copy of Rey figure  [26] , and 
memory was evaluated by Free and Cued Selective Reminding Test  [27]  as well as recall of 
Rey figure. DO 80 was performed for language examination  [28] . All groups also underwent 
a set of tests assessing social and affective/emotional processes: Ekman pictures  [29] , Reading 
Mind in the Eyes  [30]  and Faux Pas Recognition Test  [31]  adapted by Boutantin et al.  [32] . We 
also performed Frontotemporal Lobar Dementia – Clinical Dementia Rating (FTLD-CDR) for 
each patient. The classical CDR is a widely used scale in AD therapeutic trials  [17] . Knopman 
et al.  [33]  added two additional domains: ‘language’ and ‘behavior, comportment and person-
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Normal (0) Very mild (1) Mild (2) Moderate (3) Severe (4)

Disinhibition

Loss of social 
convenience

no trouble subject makes 
unpleasant, hurtful 
comments to family 
members; subject 
seeks out contact 
with strangers

subject makes 
unpleasant, hurtful 
comments to strangers

subject is unable to 
participate in any social 
activity because of 
inappropriate social 
behavior (impatience, 
etc.)

subject interrupts 
strangers’ activities, 
behaves inappropri-
ately and disturbs 
public order (obscene 
words, urination, etc.)

Inappropriate 
joviality 

no trouble subject is jovial and 
laughs unreasonably 
but in appropriate 
situations and can 
stop when asked to

subject is jovial and 
laughs unreasonably in 
appropriate situations 
but cannot stop when 
asked to

subject is jovial in 
embarrassing situations 
(talks to strangers, etc.)

subject is jovial and 
says unacceptable 
words (jokes, sneers) 
in inappropriate 
situations (at funerals, 
with young children, 
etc.)

Unrestrained 
spending habits

no trouble subject buys a lot
by mail order or 
repeatedly buys the 
same low-value 
things, but can listen 
to reason

subject buys a lot
by mail order or 
repeatedly buys the 
same low-value things, 
but cannot listen to 
reason

subject buys lots of 
useless things, buys 
expensive objects and 
does not understand 
that they are excessive 
and inappropriate

subject is indebted 
because of lots of 
expensive purchases or 
gambling (card games, 
casino, etc.)

Sexual 
disinhibition

no trouble subject makes 
inappropriate sexual 
comments or jokes, 
but can stop if 
asked to

subject makes 
inappropriate and 
uncontrolled sexual 
comments or jokes, 
which he/she then 
acts on

subject makes inappro-
priate and uncontrolled 
sexual comments or 
jokes, which he/she 
then acts on; subject is 
indecent (undresses in 
inappropriate places, 
etc.)

subject displays 
unwanted and 
inappropriate sexual 
behavior (public 
masturbation, sexual 
touching of a minor, 
sexual attraction to 
animals, etc.)

Apathy

Loss of initiative, 
social interest

no trouble subject can take part 
in usual activities, 
but must be 
encouraged to do 
anything outside of 
the ordinary

subject can take part
in usual activities, but 
does not complete 
them; subject can 
restart an activity, but 
only with stimulation

subject interrupts 
activities and does not 
restart them, even with 
stimulation; subject 
does not want to do 
usual activities

subject has no interest; 
does not do anything 
despite stimulation, 
stays in his/her seat or 
in bed all day

Loss of empathy

Emotional 
blunting, 
indifference

no trouble subject complains 
about loss of 
emotion towards 
relatives

subject shows little 
interest in stories
from relatives or in 
emotionally current 
matters; subject has 
difficulty expressing 
feelings

subject is indifferent to 
relatives, does not care 
about them, and is not 
concerned when people 
speak about him/her

subject is unable to 
express or decipher 
any emotion, can
have inappropriate 
emotional responses

Perseverations

Fixed ideas, 
stereotypical 
behavior

no trouble subject collects usual 
objects or has 
trouble getting rid of 
things or has routine 
activities

subject collects 
unusual objects or 
does not throw 
anything away, has 
ritualized activities
or has obsessions 
(hours, etc.), but this
is consistent with 
social life

subject collects lots
of objects or has 
difficulty sitting still, 
has obsessional rituals 
that interfere with 
social life

subject has continuous 
rituals (grinding of 
teeth, rubbing of body, 
grasping of objects, 
repetition of words or 
sentences); subject 
does not stand still

 Table 1. DAPHNE scale
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ality’ in order to adapt the CDR to FTD. Both the caregiver and the patient were interviewed 
to complete the FTLD-CDR.

   Burden Inventory.  Finally, the caregivers were asked to complete a burden inventory. We 
previously showed that burden was high for caregivers of those with bvFTD and that this 
score correlated with behavioral disturbances  [34] . Caregiver burden was evaluated using 
the 22-item Zarit Burden Inventory (ZBI)  [35] , derived from a 29-item preliminary version 
 [36] . The scale is made up of 22 items evaluating disease impact on caregiver’s quality of life, 
psychological suffering, financial difficulties, shame, guilt and difficulties in social and familial 
relationships.

  Statistical Analysis 
  Number of Patients.  The number of patients was calculated to be sufficient to validate the 

new scale. Thus, preliminary calculation found that 45 bvFTD patients were needed while 15 
patients were necessary for each of the three ‘control’ groups. According to the relative rarity 
of the disease, it was assumed that 1 year would be necessary to enroll that number of patients 
in the six investigation centers.

   DAPHNE Validation.  Two scores were computed. (1) DAPHNE-6 (screening) was 
computed from six synthetic binary domains. For a given domain, we scored one point if at 
least one symptom was present, regardless of the number of items present in the domain and 
irrespective of the severity. The maximum score is six. (2) DAPHNE-40 (diagnosis) was 
computed as the sum of the boxes of the ten items. The maximum score is 40. The validity of 
the DAPHNE scores (DAPHNE-6 and DAPHNE-40) was assessed using known groups’ validity 
(scores of the bvFTD patients were assumed to be greater than scores of the other groups) 
and concurrent validity (scores of DAPHNE were assumed to be positively correlated using 
Spearman’s correlation coefficient with FBS and FBI, but the hypothesis of a correlation with 
FTLD-CDR and ZBI was also tested). The reliability of the DAPHNE scores (DAPHNE-6 and 

Table 1 (continued)

Normal (0) Very mild (1) Mild (2) Moderate (3) Severe (4)

Hyperorality

Eating disorders, 
new preference 
for sweets

no trouble subject has a
new preference
for sweets

subject has new
or bizarre food 
preferences but can 
listen to reason

subject eats or drinks 
excessively and cannot 
listen to reason 
(padlock on cupboard, 
etc.)

subject eats and drinks 
everything within 
reach, including in 
other people’s plates 
or glasses, or eats 
inedible substances

Bulimia, gluttony no trouble subject eats much 
more, has put on 
weight

subject eats 
gluttonously, 
voraciously, without 
getting dirty

subject eats quickly
and gets dirty, takes
big pieces, risking 
choking

subject eats with hands, 
uncleanly, does not cut 
his food, keeps food in 
mouth; subject has put 
on a lot of weight

Neglect

Personal neglect no trouble subject looks less 
neat

subject must be 
stimulated to wash
or change clothes

subject can wash or 
change clothes only 
when threatened or 
tricked

subject has very
poor hygiene (dirty 
fingernails, dirty hair, 
dirty clothes, etc.)

DAPHNE-6 (screening) is computed from the six synthetic binary domains. For a given domain, score 1 point if at least one symptom 
is present, regardless of the number of items present in the domain and irrespective of the severity. The maximum score is six.

DAPHNE-40 (diagnosis) is computed as the sum of the boxes of the ten items. The maximum score is 40.
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DAPHNE-40) was assessed using Cronbach’s alpha (internal consistency): a correct internal 
consistency was considered if the Cronbach’s alpha coefficient was >0.7. The reproducibility 
of the DAPHNE scores (DAPHNE-6 and DAPHNE-40) was assessed using intra-class corre-
lation coefficient (ICC): an excellent reproducibility was considered if ICC was >0.8 and a good 
reproducibility was considered if ICC was >0.6. The discriminating validity of the scores was 
assessed using receiver operating characteristics curves using each of the scales (DAPHNE-6, 
DAPHNE-40, FBI and FBS). For each scale, sensitivity and specificity as well as positive like-
lihood ratio were computed using optimal thresholds (for DAPHNE) or validated thresholds 
for FBI and FBS ( ≥ 27 for FBI and  ≥ 3 for FBS).

   General Statistics.  Continuous outcomes were described using means and standard devi-
ations. Binary outcomes were described using observed proportions. The four groups of 
patients (bvFTD, AD, PSP and BP) were compared using ANOVA. Initially the four groups were 
distinguished, and then the three control groups (AD, PSP and BP) were formed and bvFTD 
patients were compared to this set.

  Results 

 Characteristics of Patients and Caregivers 
 Eighty-nine patients were prospectively enrolled between March 2013 and March 2014. 

The distribution was as follow: bvFTD (n = 36), AD (n = 22), PSP (n = 15) and BP patients
(n = 16). The demographic characteristics of patients and caregivers, as well as the disease 
main features at inclusion, are summarized in  table 2 .

  Validation of the DAPHNE Scale 
  Internal Validity.  The score obtained respectively with DAPHNE-6 (screening) and 

DAPHNE-40 (diagnosis) is detailed for each group in  table 3 . Results by domains and items 
are presented in  figures 1  and  2 , respectively. As expected, patients with bvFTD obtained 
significantly higher behavioral scores on DAPHNE than AD patients. Moreover, the mean 
scores of bvFTD patients on DAPHNE-6 and DAPHNE-40 were significantly greater compared 
to all other groups. The ICC for reproducibility was 0.94 for DAPHNE-40 and 0.84 for 
DAPHNE-6.

   Concurrent Validity.  The overall mean FBI and FBS scores were abnormal for the bvFTD 
group (30.8 ± 9.9 and 3.6 ± 0.5, respectively) and were both significantly greater when 

 Table 2. Characteristics of patients and caregivers at inclusion

bvFTD
(n = 36)

AD
(n = 22)

PSP
(n = 15)

BP
(n = 16)

All controls1

(n = 53)
p value2

(4 groups/2 groups)

Age, years 66.0 ± 8.3 65.4 ± 7.3 69 .8 ± 5.3 61.0 ± 7.6 65.3 ± 7.6 0.010/0.51
Female sex 42% (n = 15) 45% (n = 10) 40% (n = 6) 69% (n = 11) 51% (n = 27) 0.30/0.52
Disease duration, years 4.5 ± 2.7 3.8 ± 1.3 3.0 ± 1.4 19.6 ± 15.6 8.4 ± 11.3 0.0001/0.30
MMS/30 23.6 ± 3.6 23.5 ± 2.5 24.2 ± 3.3 26.2 ± 2.7 24.5 ± 3.0 0.033/0.18
Caregiver age, years 59.1 ± 13.5 64.2 ± 6.6 69.2 ± 6.8 54.5 ± 15.6 62.8 ± 11.6 0.0032/0.19

1 Corresponds to the sum of the three control groups (AD, PSP and BP patients).
2 The first comparison was performed between the four groups of patients (bvFTD, AD, PSP and BP) while the second 

analysis compared bvFTD patients to all controls (AD, PSP and BP patients as a whole). p values <0.05 were considered significant 
and are written in bold.
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compared to all other groups. We showed a significant correlation (p < 0.05) between the FBI 
and DAPHNE (r = 0.80 and r = 0.89 for DAPHNE-6 and DAPHNE-40, respectively) and between 
the FBS and DAPHNE (r = 0.77 and 0.71 for DAPHNE-6 and DAPHNE-40, respectively) in all 
patients.

   Is DAPHNE a Discriminating Tool for bvFTD Diagnosis?  Three AD patients, 14 PSP patients 
and 14 BP patients fulfilled Rascovsky’s criteria for possible bvFTD, having been assessed 
with three or more clinical criteria. This confirms a very low specificity of these criteria. On 
the other hand, a cut-off on DAPHNE-40 of 15/40 allowed us to distinguish all groups (score 

 Table 3. Diagnostic accuracy of behavioral scales to differentiate bvFTD (area under curve, sensitivity, specificity)

bvFTD
(n = 36)

AD
(n = 22)

PSP
(n = 15)

BP
(n = 16)

All controls1

(n = 53)
p value2

(4 groups/2 groups)

DAPHNE-6 5.0 ± 1.1 1.6 ± 1.5 4.1 ± 1.3 3.6 ± 1.5 2.9 ± 1.8 0.0001/0.0001
DAPHNE-40 15.7 ± 6.0 2.6 ± 2.6 10.2 ± 5.3 7.6 ± 5.1 6.2 ± 5.3 0.0001/0.0001

Scores are presented as mean ± SD.
1 Corresponds to the sum of the three control groups (AD, PSP and BP patients).
2 The first comparison was performed between the four groups of patients (bvFTD, AD, PSP and BP) while the second 

analysis compared bvFTD patients to all controls (AD, PSP and BP patients as a whole). p values <0.05 were considered significant 
and are written in bold.

0 10 20 30 40 50 60 70 80 90 100%

Disinhibition

Apathy

AD

PSP

BP

  Fig. 1.  Result of the DAPHNE scale by domains for each group. For each domain the proportion was signifi-
cantly different between the four groups except for apathy (Fisher’s exact test; all p values <0.01). When 
bvFTD patients were compared to all the other patients (as a control group), the same difference was ob-
served: the proportion was significantly higher for bvFTD patients whatever the domain except for apathy 
(Fisher’s exact test; p = 0.04 for empathy; all other p values <0.01). 
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<15) from bvFTD (score  ≥ 15), with a specificity of 92%. This scale can thus be considered as 
an efficient clinical tool to distinguish bvFTD patients from patients exhibiting a possible very 
close clinical presentation. A logistic regression (results not shown) indicated that neglect, 
inappropriate joviality and unrestrained spending habits were the best items used to discrim-
inate bvFTD from the others groups. A cut-off on DAPHNE-6 of 4/6 allowed us to distinguish 
all groups (score <4) from bvFTD (score  ≥ 4), with a sensitivity of 92%. DAPHNE can then also 
be used as a screening tool. When applied in this study population, the diagnostic features of 
the FBI and the FBS were as follows. For the FBI we found a sensitivity of 67% and a speci-
ficity of 91% when a cut-off value of 27 was used. For the FBS sensitivity was 97% and spec-
ificity 45% when a cut-off value of 3 was used. These results confirm the major interest of 

0 0.5 1.0 1.5 2.0 2.5 3.0

Loss of social convenience

Inappropriate joviality

Unrestrained spending habits

Sexual disinhibition

Loss of initiative, social interest

Emotional blunting, indifference

Fixed ideas, stereotypical behaviorPerseverations

Neglect

Loss of empathy

Apathy

Disinhibition

Hyperorality

Eating disorders, new preference for sweets

Bulimia, gluttony

Personal neglect

bvFTD

AD

PSP

BP

  Fig. 2.  DAPHNE scale – mean item score for each group. The x axis (theoretical maximum value of 4) was 
censored, considering the highest mean observed. For each item, the score was significantly different be-
tween the four groups (Kruskal-Wallis test; all p values <0.01) except for sexual disinhibition. When bvFTD 
patients were compared to all the other patients (as a control group), the same difference was observed (Stu-
dent’s t test; all p values <0.01): the score was significantly higher for bvFTD patients whatever the item ex-
cept for sexual disinhibition. 
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behavioral scales, in particular the DAPHNE scale, to differentiate bvFTD patients from AD, 
PSP or BP patients ( table 4 ). Additional material (area under the curve, diagnostic accuracy 
for each group, etc.) can be found in online supplementary table S2.

  Complete Neuropsychological Assessment 
 As presented in Patients and Methods, many neuropsychological tools were used to try 

to show differences between the four groups of patients. Unfortunately, none of these tests 
(memory, executive functions and social cognition) was significant between the bvFTD 
patients and the others, except for the Zoo Map Test. The detailed neuropsychological char-
acteristics at baseline are presented in online supplementary table S3.

  Significant correlations of DAPHNE were obtained with the Zoo Map Test and the Ekman 
test (the correlations between DAPHNE-6 and DAPHNE-40 with Zoo Map Test latency were 
–0.29 and –0.34, respectively, and the correlations between the DAPHNE-6 score and the 
DAPHNE-40 score with the Ekman test were –0.34 and –0.38, respectively). FTLD-CDR corre-
lated significantly with DAPHNE-6 and DAPHNE-40 (0.63 and 0.70, respectively).

  Burden Inventory 
 The ZBI score was significantly higher in bvFTD than in AD and PSP, but no statistical 

difference was observed with BP. We showed a significant correlation between the ZBI and 
DAPHNE (r = 0.56 and 0.62 for DAPHNE-6 and DAPHNE-40, respectively).

  Discussion 

 Clinicians in memory centers need tools designed to help in the screening and diagnosing 
of neurodegenerative diseases. The findings from this study support the utility of DAPHNE 
for bvFTD screening and diagnosis. DAPHNE-6, with a sensitivity of 92%, permits screening 
to guide investigations in order to validate a diagnostic hypothesis. DAPHNE-40 is a clinical 
diagnostic tool which permits a differential diagnosis.

  DAPHNE and the Revised Criteria of bvFTD 
 In the study population, specificity was very low for the revised criteria of bvFTD. This 

result was expected. As mentioned earlier, the domains chosen for DAPHNE were selected in 
accordance with Rascovsky’s criteria, but also from pre-existing behavioral scales and our 

 Table 4. Diagnostic accuracy of the revised criteria and behavioral scales to differentiate bvFTD

Threshold Sensitivity Specificity Positive 
likelihood ratio

Rascovsky’s clinical criteria ≥3 100% 41% 1.7

DAPHNE-6 ≥4 92% 57% 2.1
DAPHNE-40 ≥15 56% 92% 7.0
DAPHNE ‘combined’ – 92% 92% 11.5

FBS ≥3 97% 45% 1.7
FBI ≥27 67% 91% 7.4

The positive likelihood ratio is assumed to demonstrate the interest of a diagnostic tool when >5, and 
better >10. Thus, values >5 are written in bold.
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experience. In order to meet the criteria for possible bvFTD, three of the following six behav-
ioral or cognitive symptoms had to be present: early behavioral disinhibition, early apathy or 
inertia, early loss of sympathy or empathy, early perseverative/stereotyped or compulsive 
behavior, hyperorality and dietary changes, and executive deficits in neuropsychological 
profile, with a sensitivity of 85% in a cohort of 176 pathology-confirmed bvFTD patients. In 
our study, bvFTD obviously fulfilled the revised criteria (sensitivity 100%), but most PSP and 
BP patients did so too (specificity 41%). In a recent work, Kobylecki et al.  [37]  also showed 
that 20 patients (32%) with PSP fulfilled the diagnostic criteria for possible bvFTD, with three 
or more clinical criteria. DAPHNE allows us to distinguish these populations from each other 
as demonstrated by a high positive likelihood ratio. First of all, we added personal neglect. In 
our study more than 80% of the bvFTD patients present with this symptom. Early personal 
neglect is a very frequent symptom in bvFTD, with 36% of patients responding to the criteria 
of Diogenes syndrome  [38] . The FBI and the FBS included this symptom too. Our results 
support the finding that this sign is essential for a differential diagnosis of BP or PSP.

  Furthermore, we propose a quantification of behavioral symptoms. For example, the 
presence of apathy did not permit us to differentiate groups because this symptom is not 
specific and is well known to present therapeutic challenges in most forms of dementia. 
However, the quantification of apathy proposed in DAPHNE-40 seems to be a relevant factor 
when used to distinguish the diseases. A third point is that DAPHNE has such high specificity 
because it is a pure ‘behavioral’ scale and because it does not screen for the neuropsycho-
logical criterion of the revised criteria, which lacks specificity.

  DAPHNE, FBI and FBS 
 In 1997, it was shown that a FBI score of  ≥ 27 (maximum 72) was suggestive of bvFTD 

 [10] . The results of that pilot study were confirmed in 2000  [19] . DAPHNE was constructed 
on the same dichotomy proposed by Kertesz et al.  [10] , with two main types of behavior: 
negative and positive. In our population, the cut-off >27 for the FBI corresponds to a sensi-
tivity of 67% and a specificity of 96%. The psychometric features of DAPHNE are then better 
than the FBI when combined. The duration and the scoring system are also major advantages 
of DAPHNE. The FBI is composed of 24 items and DAPHNE of only 10, so the assessment with 
DAPHNE usually takes 5–10 min while that with the FBI takes 15–20 min. The propositions 
formulated by interviewers in DAPHNE lead to a more precise scoring. For the FBS, Lebert et 
al.  [16]  in their validation study proposed a cut-off of 3, with a sensitivity of 95% and a spec-
ificity of 91%. In our population, we obtained a sensitivity of 97% and a specificity of only 
45% for FBS. This seems to indicate that the psychometric features of DAPHNE are more 
relevant ( table 4 ). Indeed, DAPHNE is a compromise between a long and short scale, and the 
correlations with these two scales are very good.

  DAPHNE and Neuropsychological Assessment 
 We observed in our population that neither executive assessment nor social cognition 

permits an easy distinction between bvFTD or psychiatric troubles or PSP. Finally, for exec-
utive functions only Zoo Map Test latency time appears very relevant in discriminating bvFTD. 
bvFTD patients rush to begin the test without adequate reflection, a tendency linked with 
behavioral trouble.

  Concerning memory, it was established recently that memory testing has limited value 
in differentiating AD from FTD  [39] . Our bvFTD group had memory deficit similar to amnesic 
syndrome of the AD type  [40] . The relative preservation of memory, a criterion proposed by 
Rascovsky et al.  [4] , needs to be considered with caution.

  Thus, our study confirms that traditional neuropsychological tests have a low diagnostic 
accuracy in bvFTD. In contrast, ‘theory of mind’ was assumed to be more relevant  [41, 42] . 
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However, none of the tests, for the global score, permitted to distinguish bvFTD from the 
three other groups. Further specific analysis and discussion on these neuropsychological data 
will be presented elsewhere.

  DAPHNE, FTLD-CDR and Burden 
 FTLD-CDR is a comprehensive measure of cognition and behavior, and Knopman et al. 

 [33]  showed in 107 subjects (including 36 bvFTD patients) that FTLD-CDR permits the 
measuring of disease progression. It is interesting to note that DAPHNE and FTLD-CDR are 
well correlated (DAPHNE-6 = 0.63, DAPHNE-40 = 0.70). In our ongoing study we are investi-
gating the ability of DAPHNE to measure the progression of bvFTD.

  It is now well known that caregiver burden is heavier in relatives of FTD patients than in 
relatives of AD patients  [43] , and that it is correlated with high scores on behavioral scales 
 [34, 44] . Our findings confirm these results. The good correlation between DAPHNE and ZBI 
is therefore clinically relevant.

  Another scale, called Cambridge Behavioral Inventory, is an inventory that explores 13 
domains (memory, orientation and care, daily activities, autonomy, mood, beliefs, behavioral 
disorders, disinhibition, diet, sleep, stereotyped behavior, motivation and introspection). It 
permits to distinguish a lot of degenerative diseases  [45–47] . However, the score is only 
based on the frequency of the disorders and do not assess their intensity.

  This study has potential limitations. The assessment with DAPHNE relies on caregiver 
reports, as do most behavioral scales. It is well known that the recognition of the disease, and 
more specifically the recognition of behavioral disorders, depends on several factors. The 
caregiver’s characteristics such as young age, low level of education, depression and spending 
a lot of time with the person with cognitive impairment have been shown to be potentially 
associated with an overestimation of behavior problems  [48] . For DAPHNE, this point would 
require further investigations. A second limitation is that diagnoses were not supported by 
neuropathological verification. However, it is worth noting that all patients with AD and FTD 
who had undergone lumbar puncture had cerebrospinal fluid biomarkers results in accor-
dance with the diagnosis, and therefore could not be misclassified as amnesic FTD or frontal 
AD. Moreover, the clinicians who evaluated the patients are experts, with follow-up in memory 
clinics. Lastly, one could criticize the circularity of this study because of DAPHNE’s structure, 
which is based on the revised criteria of bvFTD. Criteria are required for research, but they 
are often not sufficient for clinical practice. We demonstrated the low specificity of the revised 
criteria, while DAPHNE permits a better distinction between diseases. This scale does not 
replace the criteria, but it provides valuable help for the diagnosis of bvFTD in clinical practice. 
For the future, another approach will be to include patients and to investigate, blind to diag-
nosis, the ability of DAPHNE to identify the correct diagnosis, so that the study will be partially 
independent from the revised criteria.

  Conclusion 

 In summary, a behavioral inventory appears to be the best assessment method to help in 
the differential diagnosis of bvFTD compared to executive assessment or social cognition. 
DAPHNE, adapted to the revised criteria, with excellent psychometric features, has the 
advantage of an innovative scoring system on a five-point scale, swiftness and efficiency. In 
recent years, FTD has appeared to be a pathologically and genetically heterogeneous disorder. 
DAPHNE, as a specific behavioral inventory, could permit the identification of phenotypic 
signatures and provide valuable help when differential diagnosis is challenging.
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