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ABSTRACT

Background Current clinical rating scales in
frontotemporal dementia (FTD) often do not incorporate
neuropsychiatric features and may therefore inadequately
measure disease stage.

Methods 832 participants from the Genetic FTD
Initiative (GENFI) were recruited: 522 mutation carriers
and 310 mutation-negative controls. The standardised
GENFI clinical questionnaire assessed the frequency

and severity of 14 neuropsychiatric symptoms:

visual, auditory, and tactile hallucinations, delusions,
depression, anxiety, irritability/lability, agitation/
aggression, euphoria/elation, aberrant motor behaviour,
hypersexuality, hyperreligiosity, impaired sleep, and
altered sense of humour. A principal component analysis
(PCA) was performed to identify key groupings of
neuropsychiatric and behavioural items in order to create
a new neuropsychiatric module that could be used as
an addition to the Clinical Dementia Rating (CDR) plus
National Alzheimer’s Coordinating Center Behaviour and
Language Domains (NACC FTLD) rating scale.

Results Overall, 46.4% of mutation carriers had
neuropsychiatric symptoms (51.6% C9orf72, 40.8%
GRN, 46.6% MAPT) compared with 24.5% of controls.
Anxiety and depression were the most common in all
genetic groups but fluctuated longitudinally and loaded
separately in the PCA. Hallucinations and delusions
loaded together, with the remaining neuropsychiatric
symptoms loading with the core behavioural features

of FTD. These results suggest using a single ‘psychosis’
neuropsychiatric module consisting of hallucinations
and delusions. Adding this to the CDR plus NACC FTLD,
called the CDR plus NACC FTLD-N, leads to a number of
participants being scored more severely, including those
who were previously considered asymptomatic now
being scored as prodromal.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Neuropsychiatric features are common in
sporadic and genetic forms of frontotemporal
dementia (FTD), particularly the behavioural
variant.

WHAT THIS STUDY ADDS

= Neuropsychiatric symptoms occur early on in
FTD, before individuals become symptomatic.
There are three main groups: affective
symptoms (anxiety and depression), ‘psychosis’
symptoms (hallucinations and delusions) and
other neuropsychiatric symptoms that formed
a group with the core behavioural criteria of
FTD. The affective symptoms were common
in controls as well as mutation carriers and
fluctuated longitudinally, so were excluded from
the scale. The psychosis symptoms therefore
formed the neuropsychiatric component that
was added to the Clinical Dementia Rating
plus National Alzheimer's Coordinating Center
Behaviour and Language Domains, resulting in
individuals being scored more severely.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Future revisions of FTD clinical rating scales
should include neuropsychiatric symptoms to
capture the entire spectrum of disease. This will
in turn optimise selection of individuals into
therapeutic trials.

Conclusions Neuropsychiatric symptoms occur in
mutation carriers at all disease stages across all three
genetic groups. However, only psychosis features
provided additional staging benefit to the CDR plus
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Cognitive neurology

NACC FTLD. Inclusion of these features brings us closer to optimising
the rating scale for use in trials.

INTRODUCTION

Frontotemporal dementia (FTD) is a heterogeneous neurode-
generative disorder that commonly presents with either person-
ality change (behavioural variant FTD, bvFTD) or speech and
language difficulties (primary progressive aphasia, PPA). The
core behavioural symptoms recognised in the diagnostic criteria
of bvFTD are disinhibition, apathy, loss of sympathy or empathy,
ritualistic-compulsive behaviour and appetite change.' However,
a number of changes in personality and behaviour that are seen
in people with FTD do not fit into these core criteria, and it
has become increasingly recognised that there is a wider set
of neuropsychiatric symptoms that occur in bvFTD,* and to a
lesser extent in PPA,’ many of which overlap with those seen
in primary psychiatric disorders like major depressive disorder,
bipolar disorder and schizophrenia.

While studies have highlighted the presence of neuropsychi-
atric symptoms in sporadic forms of FTD,?* they seem to be
particularly prevalent in genetic FTD*® caused by mutations
in progranulin (GRN), chromosome 9 open reading frame 72
(C90rf72) and microtubule-associated protein tau (MAPT).’
However, such symptoms are not included in either of the main
clinical rating scales for FTD, the Clinical Dementia Rating
Dementia Staging Instrument plus National Alzheimer’s Coor-
dinating Center Behaviour and Language Domains (CDR plus
NACC FTLD),'"" or the FTD Rating Scale.”® ™* Inclusion of
a neuropsychiatric domain in rating scales is particularly rele-
vant to people with FTD and their caregivers, as such symptoms
are highly associated with morbidity and caregiver burden.'
Furthermore, exclusion of a neuropsychiatric domain risks inap-
propriately rating people at an earlier, less severe stage of the
disease than they actually are.

This study, therefore, aims to understand how best to include
neuropsychiatric symptoms as an additional module to the CDR
plus NACC FTLD, a scale commonly used in current clinical
trials of FTD. In particular, the study aims to investigate whether
neuropsychiatric symptoms are best assessed as part of, or sepa-
rately to, the core behavioural symptoms that are currently
included in the behaviour module of the CDR plus NACC
FTLD. Better understanding of an individual’s disease stage and
their progression by incorporating neuropsychiatric symptoms
into the scale will enhance therapeutic trial design and improve
identification of treatment response.

METHODS

Participants

Participants were recruited from the fifth data freeze of the
Genetic FTD Initiative (GENFI) study between 20 January 2012
and 30 May 2019, including sites in the UK, Canada, Belgium,
France, Germany, Italy, the Netherlands, Portugal, Spain and
Sweden.

The standardised GENFI clinical assessment included a clin-
ical history and neurological examination, neuropsychometric
assessment and the CDR plus NACC FTLD.'® Mutation carriers
were classified into asymptomatic, prodromal or symptomatic
if they scored 0, 0.5 or =1, respectively, using the CDR plus
NACC FTLD global score. To investigate neuropsychiatric
features, we reviewed all mutation carriers recruited in the study
at baseline visit, including 221 C90rf72, 213 GRN and 88 MAPT
mutation carriers. Of these 522 mutation carriers, the CDR plus

NACC FTLD global score was 0 in 55.7%, 0.5 in 15.7% and
=1 in 28.5%. Participants were also separately judged by a clini-
cian whether they were felt to be symptomatic. In this group,
109 had bvFTD (20.9% of the mutation carriers studied),' and
26 had PPA (5.0%).'” Additionally, 17 had amyotrophic lateral
sclerosis (ALS) or FTD-ALS (3.3%),"® ¥ and 5 had a parkinso-
nian disorder (1.09%).2°*! The control group consisted of healthy
non-mutation carriers from the GENFI cohort with a CDR plus
NACC FTLD global score of 0 or 0.5 (310 in total). Demo-
graphics are shown in table 1.

Neuropsychiatric symptoms

Neuropsychiatric symptoms were assessed using the GENFI
neuropsychiatric symptom scale (online supplemental table
1).* This contains 14 symptoms scored as per the CDR scale,
that is, 0=asymptomatic, 0.5 =questionable/very mild, 1=mild,
2=moderateand 3=severe: visual, auditory and tactile halluci-
nations, delusions, depression, anxiety, irritability/lability, agita-
tion/aggression, euphoria/elation, aberrant motor behaviour,
hypersexuality, hyperreligiosity, impaired sleep and altered sense
of humour.

We also wanted to explore the overlap of these neuropsychi-
atric symptoms with the core behavioural symptoms described in
the international consensus criteria for bvFTD.! In the GENFI
behavioural symptom scale, seven symptoms are measured:
disinhibition, apathy, loss of sympathy/empathy, ritualistic/
compulsive behaviour and hyperorality and appetite changes, as
well as poor response to social/emotional cues and inappropriate
trusting behaviour.

Statistical analysis

All statistical analyses were performed using Stata/MP V.16.1
unless otherwise specified. All graphs were produced using
GraphPad Prism V.9 except for the Sankey diagrams which
were made using SankeyMATIC. Demographics were compared
between groups using either linear regression (age and educa-
tion) or a % test (sex), and age- and sex-adjusted linear regres-
sions to compare the Mini-Mental State Examination (MMSE)
and CDR plus NACC FTLD. Frequency and severity of indi-
vidual neuropsychiatric symptoms were compared between
groups using ordinal logistic regressions adjusting for age and
sex, except for the comparisons of disease group versus controls
for severity (as there was minimal variation from zero for the
control group) and frequency (when the controls scored zero)
where linear regressions adjusting for age and sex were used,
with 95% bias-corrected bootstrapped confidence intervals with
2000 repetitions.

Principal component analysis (PCA) was performed in R
V.4.1.2*% in order to see whether it was possible to combine
the multiple items in the neuropsychiatric symptom list into a
smaller number of variables with minimal loss of information
that could then form one or more modules to incorporate into
a rating scale. Components with an eigenvalue greater than one
were selected and the varimax rotation was used. An initial PCA
was performed looking only at neuropsychiatric symptoms in all
mutation carriers and in each of the genetic mutation subgroups
(C90rf72, GRN, MAPT). A further PCA included behavioural
as well as neuropsychiatric symptoms in the analyses was also
performed. Items within a component with loadings closest to
+1.000r —1.00 were interpreted as loading strongly onto that
factor, while those nearest to zero were considered as loading
weakly.
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Demographics, clinical scores and frequency of neuropsychiatric symptoms for all mutation carriers (C90rf72, GRN, MAPT) and healthy controls

Table 1

MAPT
All

GRN
All

C9orf72

All

All mutation carriers

All

CDR plus NACC

0.5 0.5 0.5

0.5

FTLD global score Controls

25

14
29

221 112 37 72 213 130 31 52 88 49
41 39 35 45

49

149
58

82

291
38

310 522
44

44

No of participants

64

M

46

48

65

41

41

% male

57.0 (10.1)
13.6 (3.8)
22.8(7.7)
1.9(0.8)

45.7 (12.6)
13.5(2.4)
28.2(2.3)
0.5 (0.0)

39.2 (10.4)
14.4 (3.3)
29.5(0.8)
0.0 (0.0)

453 (13.1)
14.1 (3.3)

27.4(5.1)

63.5(7.7)
11.9 (3.5)
19.3 (8.4)

51.8(13.2)
14.0 (4.0)
28.5(2.4)
0.5(0.0)

45.8(12.2)
14.7 (3.4)
29.4(0.9)
0.0 (0.0)

51.0 (13.6)
13.9(3.7)
26.9 (6.0)
0.5(0.9)

62.7 (9.3)
13.1(3.7)
23.4 (6.6)

49.4(11.2)
14.1(2.6)

28.5(2.1)

445 (11.7)
14.4 (3.0)
29.1(1.2)
0.0 (0.0)

51.2 (13.6)
13.9(3.2)
27.2(4.7)
0.8(1.0)

62.0(9.2)
12.8 (3.7)
21.9(7.6)
2.0(0.8)

49.7 (12.3)
13.9(3.1)
285(2.2)
0.5 (0.0)

442 (11.9)
14.5(3.2)
29.3(1.0)
0.0 (0.0)

50.1 (13.7)
13.9 (3.4)
27.1(5.3)
0.6 (1.0)

46.0 (12.7)
145 (3.3)

29.3(1.0)

Age (years)

Education (years)

MMSE

0.6 (0.9)

(0.8)

1.9

(0.8)

2.1

0.5 (0.0)

0.1(0.2)

CDR plus NACC

FTLD Global score
CDR plus NACC

3.1(5.5) 0.0 (0.0) 1.1(0.8) 10.3(5.8) 3.8(6.0) 0.0 (0.0) 1.1(0.8) 109(5.7) 2.5(5.1) 0.0 (0.0) 1.0(0.8) 9.8(6.00 2.9(5.3) 0.0 (0.0) 1.1(0.8) 9.7 (5.8)

(0.4)

0.2

FTLD Sum of Boxes
Neuropsychiatric
symptoms (%)

96.0

7.4

143

46.6

82.7

71.0

16.9

40.8

91.7

70.3

19.6

51.6

89.3

70.7

18.0

46.4

.5

24

Age, education, MMSE and Clinical Rating Scale scores are shown as mean (SD).

CDR, Clinical Dementia Rating; MMSE, Mini-Mental State Examination; NACC FTLD, National Alzheimer’s Coordinating Center Behaviour and Language Domains.

As mood symptoms are common in the general population
and can fluctuate with time, both with and without treatment
(whether pharmacological or talking therapies), we decided to
additionally perform a subanalysis of depression and anxiety and
how these features change in frequency and severity over time.
Descriptive differences were reported for each time point over
three visits.

Rating scale analysis

Finally, we investigated the addition of a neuropsychiatric module
to the CDR plus NACC FTLD rating scale. We compared this
new scale (termed CDR plus NACC FTLD-N) with the original
CDR plus NACC FTLD. We also developed a new version of the
behavioural module based on the PCA findings and compared
this (termed CDR plus NACC FTLD-N-B+) with the original
CDR plus NACC FTLD.

RESULTS

Demographics

No significant differences were seen between the mutation
groups in years of education, but the overall mutation carrier
group and C90rf72 mutation carriers had, on average, signifi-
cantly fewer years of education than controls (p=0.024and
p=0.048, respectively). C90rf72 and GRN mutation carriers
were significantly older than controls (both p<0.001) and MAPT
mutation carriers (p<0.001and p=0.001 respectively), while
the C9orf72 group contained more males than the GRN group
(*=3.91, p=0.048) (table 1).

Disease severity

The MMSE and CDR plus NACC FTLD Sum of Boxes scores
were significantly different to controls in each genetic group
overall (table 1). There were no significant differences between
the genetic groups (all mutation carriers combined) apart from
for the CDR plus NACC FTLD which was higher in C9orf72
compared with the GRN group (both global and sum of boxes
scores, p<0.0S5).

Frequency and severity of neuropsychiatric symptoms in the
GENFI cohort
Neuropsychiatric symptoms were reported in 46.4% of all muta-
tion carriers: 51.6% of the C9orf72 group, 40.8% of the GRN
group and 46.6% of the MAPT group. In comparison, 24.5%
of controls were reported as showing symptoms. Stratifying by
CDR plus NACC FTLD, neuropsychiatric symptoms occurred
in 18.0% of mutation carriers with a global score of 0 (19.6%
CYorf72, 16.9% GRN, 14.3% MAPT), 70.7% of mutation
carriers with a global score of 0.5 (70.3% C9orf72, 71.0% GRN,
71.4% MAPT) and 89.3% of mutation carriers with a global
score=1 (91.7% C9o0rf72, 82.7% GRN, 96.0% MAPT) (table 1).
When looking at the individual symptoms in the combined
mutation carrier group, anxiety was the most frequent and severe
neuropsychiatric symptom, followed by depression, impaired
sleep and irritability/lability. Stratifying this group by CDR plus
NACC FTLD, all of the neuropsychiatric symptoms were signifi-
cantly more impaired (ie, more frequent and more severe) than
controls when the global score was =1 (figure 1, table 2, online
supplemental table 2): lability/irritability (frequency 51.7%,
mean (SD) severity 0.60 (0.79)), anxiety (49.7%, 0.57 (0.73)),
altered sense of humour (46.3%, 0.60 (0.84)), impaired sleep
(44.3%, 0.55 (0.76)) and depression (40.3%, 0.48 (0.73)), were
the most frequent and severe. At the prodromal stage (CDR
plus NACC FTLD global score of 0.5), anxiety (40.2%, 0.33
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Frequency (top panel) and severity (bottom panel) of symptoms in the GENFI neuropsychiatric symptom scale in all mutation carriers when

asymptomatic (CDR plus NACC FTLD global score of 0), prodromal (score of 0.5) and symptomatic (score of 1+). Frequency and severity of symptoms in the
individual genetic groups (C9orf72, GRN and MAPT) are shown similarly to the right of the combined mutation carrier group. CDR, Clinical Dementia Rating;
GENFI, Genetic FTD Initiative; NACC FTLD, National Alzheimer's Coordinating Center Behaviour and Language Domains.

(0.47)), depression (32.9%, 0.30 (0.52)), irritability/lability
(26.8%, 0.21 (0.42)) and impaired sleep (26.8%, 0.25 (0.49))
remained the most frequent and severe symptoms, but visual
hallucinations, agitation/aggression, euphoria/elation, aberrant
motor behaviour, hypersexuality and altered sense of humour all
occurred significantly more frequently than controls (table 2). At

a CDR plus NACC FTLD global score of 0 none of the symp-
toms were significantly more frequent or severe than controls,
but anxiety, irritability/lability and impaired sleep occurred less
frequently.

Stratifying by genetic group, all symptoms were significantly
more frequent and severe in the symptomatic (CDR plus NACC

Table 2  Percentage frequency of individual neuropsychiatric symptoms in controls and mutation carriers

All mutation carriers C9orf72 GRN MAPT
Controls CDRO CDR0.5 CDR=1 CDRO CDRO.5 CDR=1 CDRO CDRO.5 CDR=1 CDRO CDRO.5 CDR=1

Visual hallucinations 0.3 0.3 6.1 15.4 0.9 5.4 23.6 0.0 6.5 1.7 0.0 71 8.0

Auditory hallucinations 13 0.3 0.0 13.4 0.9 0.0 22.2 0.0 0.0 7.7 0.0 0.0 0.0

Tactile hallucinations 0.0 0.3 24 5.4 0.9 5.4 9.7 0.0 0.0 0.0 0.0 0.0 4.0

Delusions 1.0 0.7 1.2 25.5 0.9 0.0 36.1 0.0 0.0 17.3 2.0 7.1 12.0
Depression 12.9 8.9 32.9 40.3 8.9 21.6 40.3 7.7 41.9 423 12.2 42.9 36.0
Anxiety 15.5 10.0 40.2 49.7 8.9 35.1 51.4 10.8 419 48.1 10.2 50.0 48.0
Irritability/lability 1.9 4.8 26.8 51.7 5.4 324 56.9 3.8 22.6 423 6.1 21.4 56.0
Agitation/aggression 2.6 1.4 11.0 33.6 1.8 10.8 375 0.8 16.1 25.0 2.0 0.0 40.0
Euphoria/elation 0.3 1.0 6.1 29.5 2.7 5.4 34.7 0.0 3.2 21.2 0.0 14.3 32.0
Aberrant motor behaviour 1.3 0.3 6.1 24.2 0.0 5.4 40.3 0.0 9.7 32.7 2.0 0.0 40.0
Hypersexuality 0.3 0.0 3.7 14.8 0.0 8.1 16.7 0.0 0.0 115 0.0 0.0 16.0
Hyperreligiosity 0.0 0.3 2.4 10.7 0.0 0.0 12.5 0.8 6.5 5.8 0.0 0.0 16.0
Impaired sleep 13.2 7.2 26.8 443 3.6 27.0 48.6 9.2 29.0 40.4 10.2 21.4 40.0
Altered sense of humour 0.6 03 4.9 46.3 0.0 8.1 40.3 0.8 3.2 42.3 0.0 0.0 72.0

Number of cases is as per table 1. Bold items are significantly more frequent than controls and italicised items are significantly less frequent than controls (p<0.05). Other
differences are shown as *significantly more frequent compared with GRN, tsignificantly more frequent compared with MAPT and #significantly more frequent compared with

C90rf72 (p<0.05). See online supplemental file 1 for similar analysis of severity.
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Table 3  Principal component analysis of neuropsychiatric symptoms
in all mutation carriers

Component 1 2 3 4
Visual hallucinations 0.19 0.88 0.22 0.00
Auditory hallucinations 0.25 0.88 0.27 0.00
Tactile hallucinations 0.38 0.24 0.32 -0.85
Delusions 0.41 0.73 0.28 0.00
Depression 0.00 0.19 0.85 0.00
Anxiety 0.25 0.22 0.80 0.00
Irritability/lability 0.68 0.1 0.58 0.00
Agitation/aggression 0.75 0.10 0.40 0.00
Euphoria/elation 0.84 0.26 0.13 0.00
Aberrant motor behaviour 0.66 0.49 0.16 0.11
Hypersexuality 0.77 0.22 0.20 -0.14
Hyperreligiosity 0.32 0.36 0.22 0.83
Impaired sleep 0.28 0.31 0.72 0.00
Altered sense of humour 0.74 0.39 0.00 0.34
Cumulative variance 0.28 0.49 0.69 0.81

FTLD=1) C90rf72 mutation carriers with the majority of symp-
toms also significantly more frequent (and in most cases more
severe) in the symptomatic GRN and MAPT groups (table 2,
online supplemental table 2). Comparing groups, hallucinations
and delusions were more frequent and severe in the C9orf72
group: visual hallucinations frequency 23.6%, severity 0.26
(0.58) vs 7.7%, 0.10 (0.36) in GRN mutation carriers and 8.0%,
0.06 (0.22) in MAPT mutation carriers; auditory hallucinations
22.29%, 0.31 (0.71) vs 7.7%, 0.06 (0.21) and 0.0%, 0.00 (0.00);
tactile hallucinations 9.7%, 0.14 (0.53) vs 0.0%, 0.00 (0.00)

Component
/' l
s A s N\
Psychosis Mood
J \ J
4 N
Delusions Anxiety
L Hallucinations Depression
J
Impaired sleep

e J

and 4.0%, 0.02 (0.10); delusions 36.1%, 0.51 (0.81) vs 17.3%,
0.13 (0.36) and 12.0%, 0.16 (0.47). In contrast, altered sense
of humour was more frequent and severe in symptomatic MAPT
mutation carriers compared with the other two groups (72.0%,
1.12 (1.07) vs 40.3%, 0.52 (0.79) in C90rf72 and 42.3%, 0.47
(0.70) in GRN). When the CDR plus NACC FTLD was 0.5
anxiety (C9orf72 35.1%, GRN 41.9%, MAPT 50.0%), depres-
sion (C90rf72 21.6%, GRN 41.9%, MAPT 42.9%), impaired
sleep (C9orf72 27.0%, GRN 29.0%, MAPT 21.4%) and irrita-
bility/lability (C90rf72 32.4%, GRN 22.6%, MAPT 21.4%) were
the most frequent symptoms. However, visual hallucinations
were more common in all three groups (C90rf72 5.4%, GRN
6.5%, MAPT 7.1%) and agitation/aggression (in C9orf72 and
GRN), euphoria/elation (in C90rf72 and MAPT), aberrant motor
behaviour (in GRN), hypersexuality (in C90rf72) and altered
sense of humour (in C9o0rf72) all occurred more frequently
than in controls. Only euphoria/elation was more frequent (in
the C9orf72 group) at a CDR plus NACC FTLD of 0 with no
other symptoms more frequent or severe than controls (figure 1,
table 2, online supplemental table 2).

Principal component analysis

PCA of the neuropsychiatric symptoms loaded on to four main
components, which cumulatively explained 28%, 49%, 69%
and 81% of the variation in the data respectively. Component
one showed loading mainly of the non-psychosis and non-
affective (‘behavioural’) symptoms, component two strongly
loaded visual and auditory hallucinations and delusions (ie,
features of ‘psychosis’), component three loaded depression,
anxiety and impaired sleep (ie, ‘mood’ symptoms), and compo-
nent four loaded hyperreligiosity (table 3, figure 2). PCA of the

A

‘ : ; .‘ Behaviour |

Behavioural " et 1

\ [core criteria]

N o o e e o o o o o = 7

P ~s
4 N
/ Irritability/lability \ " Disinhibition \|
Agitation/aggression : Apathy :
Euphoria/elation | Loss of sympathy/empathy |
Aberrant motor behaviour : Ritualistic/compulsive :
Hypersexuality : behaviour !
1
Altered sense of humour ! i i 1
j | Hyperorality/appetite X
1
| changes :
1 1
[ Hyperreligiosity ] 1 Poor response to 1
: social/emotional cues :
: Inappropriate trusting :
5 behaviour !
7
~ e e - s

Figure 2 Visual representation of the principal component analysis (PCA) results. The PCA of the neuropsychiatric symptom scale revealed four
components, named for the items which loaded most strongly: ‘psychosis’, ‘mood" and ‘behavioural’, with a fourth component of hyperreligiosity. The dotted
boxes represent the finding that in a further PCA which included the core behavioural symptoms of FTD these items loaded alongside the ‘behavioural’

features of the neuropsychiatric symptom scale. FTD, frontotemporal dementia.
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Table 4  Principal component analysis of combined neuropsychiatric
and behavioural symptoms in all mutation carriers

Component 1 2 3 4
Visual hallucinations 0.13 0.89 0.21 -0.21
Auditory hallucinations 0.32 0.90 0.1 0.00
Tactile hallucinations 0.00 0.00 -0.89 0.26
Delusions 0.43 0.74 -0.15  0.20
Depression -0.76  -0.11 0.00 0.35
Anxiety -0.68 -0.20  0.00 0.47
Irritability/lability 0.31 —-0.61 -0.19  0.58
Agitation/aggression 0.59 -056 -022 0.26
Euphoria/elation 0.78 -033 -0.14 -0.39
Aberrant motor behaviour 0.85 0.14 0.18 0.00
Hypersexuality 0.60 -035 -043 -0.25
Hyperreligiosity 0.38 0.19 0.83 0.00
Impaired sleep —-0.37  0.00 -0.18  0.78
Altered sense of humour 0.85 0.00 0.40 -0.16
Disinhibition 0.94 0.00 -0.21 0.00
Apathy 0.88 0.23 0.16 0.00
Loss of sympathy/empathy 0.93 0.20 0.17 0.00
Ritualistic/compulsive behaviour 0.93 0.00 0.00 0.00
Hyperorality and appetite changes 0.92 0.19 0.27 0.00
Poor response to social/emotional cues 0.96 0.12 0.00 0.00
Inappropriate trusting behaviour 0.95 0.00 0.00 -0.13
Cumulative variance 0.50 0.66 0.77 0.85

neuropsychiatric symptoms in the individual genetic groups
produced similar results (online supplemental table 3a).

When adding the core behavioural symptoms to the PCA, a
similar result was found with four components, but in this anal-
ysis all the core behavioural symptoms loaded with the other
‘behavioural’ (ie, non-psychosis, non-affective) symptoms from
the neuropsychiatric symptom scale (apart from hyperreligiosity,
which as previously, loaded separately) (table 4, online supple-
mental table 3b, figure 2).

Subanalysis of longitudinal change in depression and anxiety

In the PCA, depression and anxiety consistently loaded together,
often with symptoms likely to be secondary to these affective
disorders such as impaired sleep and irritability/lability. In
order to further consider whether affective symptoms should
be included or excluded from any rating scale the longitudinal
change was assessed. Within the combined mutation carrier
group, and stratifying by CDR plus NACC FTLD, 55.6% had
depression (mean severity 0.7 (0.8)) and 51.9% had anxiety (0.7
(0.9)) at visit one in the symptomatic (=1) group, while at visit
two 37.0% had depression (mean severity 0.4 (0.7)) and 44.4%
had anxiety (0.6 (0.8)) and at visit three 40.7% had depression
(mean severity 0.5 (0.7)) and 40.7% had anxiety (0.8 (0.8)).
For the prodromal (0.5) group, 25.0% had depression (mean
severity 0.2 (0.4)) and 25.0% had anxiety (0.2 (0.4)) at visit
one, while at visit two 12.5% had depression (mean severity
0.3 (0.7)) and 31.3% had anxiety (0.3 (0.6)), and at visit three
25.0% had depression (mean severity 0.3 (0.5)) and 25.0% had
anxiety (0.3 (0.6)). Finally, for the asymptomatic (0) group 7.8%
had depression (mean severity 0.1 (0.3)) and 10.3% had anxiety
(0.1 (0.4)) at visit one, while at visit two 12.9% had depression
(mean severity 0.1 (0.4)) and 15.5% had anxiety (0.1 (0.4)), and
at visit three 12.1% had depression (mean severity 0.1 (0.3)) and
12.1% had anxiety (0.1 (0.3)). Figure 3A highlights the change
in mean severity of anxiety and depression within each group

over time (with online supplemental figure 1 showing the same
data for each of the genetic groups), while figure 3B,C shows the
individual fluctuation in depression (3b) and anxiety (3¢) symp-
toms over time.

Rating scale analysis

In light of the above results, we first investigated adding a neuro-
psychiatric module to the CDR plus NACC FTLD rating scale
consisting only of the psychosis symptoms (hallucinations and
delusions), excluding both affective symptoms and the other
symptoms which loaded with the core behavioural features.
We termed this the CDR plus NACC FTLD-N. This scale was
positively correlated with the original CDR plus NACC FTLD
(r=0.992, p<0.001). The new scale led to a number of partici-
pants (0.6%) now being considered prodromal who had previ-
ously been asymptomatic on the CDR plus NACC FTLD, as well
as symptomatic participants with a bvFTD diagnosis now being
considered more severely affected (figure 4).

Second, we investigated a change to the behavioural module
of the CDR plus NACC FTLD by (1) incorporating the non-
psychosis and non-affective symptoms included in the GENFI
neuropsychiatric symptoms scale and (2) generating an
Algorithm-based Behaviour score from each of the individual
behavioural symptoms (rather than using a Global Behaviour
Score; see online supplemental table 4 for how this was gener-
ated). We termed this the CDR plus NACC FTLD-N-B+. In
general, the Algorithm-based Behaviour Score led to fewer
people being scored as 0 (68.4%, compared with 77.9% using
the Global Behaviour Score), and more people being scored as
0.5 (very mild symptoms; 14.3%, compared with 6.4% using
the Global Behaviour Score) (online supplemental figure 2).
Including this within the CDR plus NACC FTLD alongside the
new neuropsychiatric module also leads to more participants
being considered prodromal (6% of people were asymptomatic
on the CDR plus NACC FTLD but prodromal on the CDR plus
NACC FTLD-N-B+) (figure 5) as well as clinically judged symp-
tomatic participants being considered as more severe on the new
scale, particularly those with a diagnosis of bvFTD (figure 4).
Analysis of individual genetic mutation groups shows most of
this change is in C90rf72 mutation carriers (online supplemental
figure 3).

DISCUSSION

This study has shown that neuropsychiatric features are common
in genetic FTD and can occur early on in the disease process
many years before people receive a clinical diagnosis. As such,
they should be incorporated into any comprehensive clinical
rating scale of FTD. However, the results here show that some
of the neuropsychiatric symptoms can be variable, and careful
thought is required in terms of which features are included in
any scale. A PCA suggested that there are three main groups of
neuropsychiatric symptoms: affective symptoms of anxiety and
depression, ‘psychotic’ symptoms of hallucinations and delu-
sions, and a set of ‘other’ symptoms including agitation, irrita-
bility and hypersexuality that loaded with the core behavioural
features of bvFTD. While anxiety and depression are prominent
symptoms in mutation carriers, they are also common in controls
and fluctuate longitudinally over time suggesting they should be
excluded from any scale. Furthermore, the association of the
‘other’ symptoms with the behavioural features of FTD suggest
they should be considered as part of the ‘behavioural’ component
of the scale rather than as a separate module. However, the third
component including visual and auditory hallucinations and

6 Samra K, et al. J Neurol Neurosurg Psychiatry 2023;0:1-12. doi:10.1136/jnnp-2022-330152

‘1ybuAdoo Ag pa1aa10id "uogsiT Jo AlSIaAIUN
‘BuIdIPaN 10 Anoed 1e £20z ‘2T Atenuer uo jwod fug duul//:dny wolj papeojumoq ‘€20z Aenuer 0T U0 gGT0EE-2202-duul/oeTT 0T sk paysiignd 1s1i) :AirelyohAsd Binsoinap |oInaN


https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
https://dx.doi.org/10.1136/jnnp-2022-330152
http://jnnp.bmj.com/

Cognitive neurology
A

1.0

Symptom Severity Score (mean)

Visit 1 Visit 2

Depression

Figure 3

Visit3  Visit 1

At baseline visit:
-0~ -e- CDR® plus NACC FTLD Global score 0

-~ ~o CDR® plus NACC FTLD Global score 0.5

-&~ ~* CDR® plus NACC FTLD Global score =1

Solid line = depression
Dotted line = anxiety

Visit 2 Visit 3

Symptoms:
. Absent
Very Milc
Mild
Moderate

Severe

Anxiety

Longitudinal change in depression and anxiety in asymptomatic (CDR plus NACC FTLD global score of 0), prodromal (0.5) and symptomatic (=1)

mutation carriers: (A) mean severity of depression (solid line) and anxiety (dotted line) within all carriers; (B, C) Sankey diagrams showing individual change
in depression (B) and anxiety (C) scores. CDR, Clinical Dementia Rating; NACC FTLD, National Alzheimer’s Coordinating Center Behaviour and Language

Domains.

delusions separated out from the other features and was distinct
to any current module in clinical FTD scales, particularly within
the CDR plus NACC FTLD, suggesting this component should
form a new neuropsychiatric module to specifically capture this
element of the FTD phenotype. Adding this module to the CDR
plus NACC FTLD (called here the CDR plus NACC FTLD-N)
resulted in people previously being considered as asymptomatic
now being considered prodromal, and in general people being
rated as more severe, highlighting the importance of including
psychotic symptoms in clinical rating scales of FTD.

Frequency and severity of symptoms

Neuropsychiatric features were present in almost half the cohort
studied, more commonly in those who were judged as symp-
tomatic, but also occurring to a lesser extent prodromally (CDR

plus NACC FTLD global score 0.5) and in some people at an
asymptomatic stage (CDR plus NACC FTLD global score 0).
Anxiety, depression and impaired sleep were the most common
symptoms in mutation carriers. The presence of affective symp-
toms has been previously reported in symptomatic FTD, for
example, a systematic review suggested a prevalence of 7%-69%
of depression in FTD in general, and of 19%-63% of anxiety in
bvFTD; the frequency in our study of 40.3% (depression) and
49.7% (anxiety) fits well within this range. However, such symp-
toms were also common in our controls with 12.9%, 15.5% and
13.29% reporting symptoms of depression, anxiety and impaired
sleep, respectively. The prevalence of these conditions is around
5% for depression, 7% for anxiety and up to 30% for sleep prob-
lems in European countries, suggesting potentially higher rates
in our cohort of controls compared with the general population
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Figure 4 Comparison of the standard CDR plus NACC FTLD with a new CDR plus NACC FTLD plus Neuropsychiatric Score (CDR plus NACC FTLD-N).
The top figure shows the change in global score in individual participants (five participants moved from 0 to 0.5 and 1 participant from 1 to 2). The
bottom figure shows the percentage of symptomatic participants with a particular CDR score (left shows standard CDR plus NACC FTLD, right shows the
change with the new CDR plus NACC FTLD-N). bvFTD, behavioural variant frontotemporal dementia; CDR, Clinical Dementia Rating; NACC FTLD, National
Alzheimer's Coordinating Center Behaviour and Language Domains; PPA, Primary Progressive Aphasia.

(with the caveat that in GENFI we are measuring symptoms
rather than making specific mental health diagnoses).” ** The
increased prevalence of affective disorders in mutation-negative
family members has been poorly studied in genetic FTD but is
a well-known phenomenon in neurogenetic disorders and can
relate to multiple issues including survivor guilt in those who test
negative within the family.

Of the mutation groups studied, C9orf72 expansion carriers
had the highest frequency of neuropsychiatric symptoms,
followed by MAPT then GRN mutation carriers. Many studies
have shown a close link between C90rf72 expansion carriers
and the presence of neuropsychiatric symptoms, both early on
as a presenting feature and during the course of the disease.”>*
Moreover, C90rf72 mutations are the most common genetic
cause of ALS,” *° with previous studies showing an association

of ALS with early neuropsychiatric disturbances independent of
other behavioural symptoms.*'

Although less common than affective symptoms, ‘psychosis’
features, that is, hallucinations and delusions occur in up to a
quarter of symptomatic patients, and more frequently in C90rf72
than GRN and MAPT mutation carriers. This is consistent with
prior studies showing they occur commonly in C90rf72 muta-
tion carriers,® although not uniquely and can be present in the
other genetic groups.” ** In the current study, hallucinations and
delusions were present only infrequently in C9orf72 mutation
carriers in the presymptomatic period, increasing in frequency
when entering the symptomatic phase.>* Psychosis-type symp-
toms were least frequent and mildest in MAPT mutation carriers,
although were still present, suggesting that these symptoms are
not pathognomonic of a particular genetic subtype.
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Figure 5 Comparison of the standard CDR plus NACC FTLD with the CDR plus NACC FTLD-N-B+. The top figure shows the change in global score in
individual participants (50 participants moved from 0 to 0.5, 1 participant from 0 to 1, 4 participants from 0.5 to 1, 2 participants from 1 to 0.5 and 4
participants from 1 to 2). The bottom figure shows the percentage of symptomatic participants with a particular CDR score (left shows standard CDR plus
NACC FTLD, right shows the change with the new CDR plus NACC FTLD-N-B+). CDR, Clinical Dementia Rating; FTD, behavioural variant frontotemporal
dementia; NACC FTLD, National Alzheimer’s Coordinating Center Behaviour and Language Domains.

The only symptom that was more frequent in MAPT mutation
carriers compared with the other groups was altered sense of
humour. This has been poorly studied but has been associated
with t3€4mporal lobe atrophy and MAPT-related FTD in one prior
study.

Principal component analysis

PCA identified three main groups of symptoms as hypothesised.
Importantly, this suggests that one cannot use a single neuro-
psychiatric score within a rating scale that incorporates all of
the psychotic, affective and other neuropsychiatric symptoms.
Combined with the depression/anxiety subanalysis, the results
from this study suggest that a single neuropsychiatric score
consisting of features of psychosis (ie, hallucinations and delu-
sions) will be necessary in any future clinical rating scale.

Depression and anxiety not only formed a separate group
to other neuropsychiatric symptoms, but also fluctuated longi-
tudinally. These two factors combined with the relatively
common occurrence in non-carriers support the argument for
excluding depression and anxiety from global CDR scoring.
There are multiple potential reasons for this fluctuation: the
presence of depression and/or anxiety may coincide with life
events including recovery with therapy or medication, a change
in insight as the disease progresses, biological processes asso-
ciated with the disease process, heightened anxiety/depression
as individuals approach the age at onset of their relatives and
subsequent fall in these symptoms if they pass this age, and a
disease-related increase in anxiety as mutation carriers get older
and more symptomatic from other affected domains.
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Behavioural symptoms within the consensus diagnostic
criteria for bvFTD' are currently included in the CDR plus
NACC FTLD and have often been viewed as separate from
neuropsychiatric features. Nonetheless, multiple studies have
highlighted the presence of both behavioural and neuropsychi-
atric symptoms in FTD and interestingly up to half of individ-
uals with bvEFTD may initially be given a psychiatric diagnosis.?
The loading of some of the neuropsychiatric symptoms (aberrant
motor behaviour, euphoria/elation, altered sense of humour,
irritability/lability, agitation/aggression and hypersexuality) with
the core behavioural features of bvFTD suggests these should be
considered when thinking about the behavioural component of
any clinical rating scale rather than being included in a separate
neuropsychiatric module.

Interestingly, the symptom of hyperreligiosity was distinct
from the other three groups. This symptom has been described in
association with temporal lobe deficits, particularly of the right
hemisphere, and can be seen in right temporal lobe epilepsy®®
as well as in people with right temporal lobe variant FTD.%® It
is unclear why this does not associate with the other symptoms
in the PCA, but in people with right temporal lobe variant FTD,
the majority of the other symptoms are cognitive, for example,
topographical memory loss and prosopagnosia, rather than
behavioural, and it may be that the unique neuroanatomical
association separates it from the other neuropsychiatric features.
A further important point to note is that in the main analyses,
tactile hallucinations (which are rare in FTD) had a negative
loading with hyperreligiosity, the reason for which is unclear.

Overall, the PCAs and depression/anxiety subanalyses within
the individual genetic mutation groups mirrored the findings
when all mutation carriers were studied together, supporting
the use of the same approach for all FTD individuals regard-
less of the genetic mutation, that is, a neuropsychiatric module
consisting of ‘psychotic’ features, consideration of the ‘other’
neuropsychiatric features when scoring the behavioural domain,
and exclusion of affective symptoms from the scale.

A new neuropsychiatric module to add to the CDR plus NACC
FTLD

Inclusion of the neuropsychiatric score into the CDR plus
NACC FTLD (CDR plus NACC FTLD-N) led to more people
being considered at higher disease stages than the original CDR,
including some people being considered prodromal who were
previously considered asymptomatic. In people clinically judged
to be symptomatic the change in stage was mainly seen in those
with bvFTD and minimal change in those with other clinical
phenotypes, consistent with prior studies showing that while
neuropsychiatric symptoms are seen in PPA and parkinsonian
syndromes they are less common.

We also investigated a second addition to the CDR plus NACC
FTLD, incorporating a version of the behavioural score that
required consideration of multiple different symptoms including
not only the core bvFTD symptoms but also the ‘other’ symp-
toms from the neuropsychiatric feature list. This also led to a
general increase in disease stage severity, suggesting that perhaps
clinicians are not considering the whole spectrum of behavioural
features in FTD when scoring the behavioural module in the
CDR plus NACC FTLD.

It is likely that these two additions to the CDR plus NACC
FTLD lead to improved accuracy of rating disease stage in FTD
and bring us closer to optimising the rating scale for use in ther-
apeutic trials where precise scoring of an individual’s disease

severity is important so that treatment responses can be more
representative of their real-life experience with FTD.

Limitations

Although this study represents one of the largest familial FTD
cohorts, numbers become smaller in each group as they are strat-
ified, particularly in longitudinal analyses, such as performed for
depression and anxiety.

We had included symptoms in the GENFI neuropsychiatric
symptom scale that had been previously reported in patients
with FTD. However, reports of other symptoms such as anhe-
donia®” that have been more recently recognised as part of the
FTD spectrum were not included.

When considering depression and anxiety we did not record
the effect of therapeutic interventions on symptom severity
such as antidepressants or psychological therapies. This did not
allow us to measure their effect on the longer-term fluctuation
in symptoms, and future studies should address this limitation.

All of the neuropsychiatric symptoms were recorded as being
present or absent through the use of the GENFI symptom scale.
While this is helpful for our current focus on improving clinical
rating scales, it is important to note that this is distinct from
making formal clinical diagnoses according to standard criteria
of depression, anxiety, psychosis, etc, and therefore, may not be
a true representation of the prevalence. Nonetheless, there are
also potential reasons why neuropsychiatric symptoms may be
underrepresented in GENFI as participants with active affective
or psychotic disorders may not be able to (or want to) take part
in an ongoing observational research study.

Lastly, although each rater received training in use of the
neuropsychiatric symptom scales, now that its use is established
it will be important in future studies to formally assess both
intra- and inter-rater reliability.

In summary, neuropsychiatric symptoms commonly occur in
individuals with FTD in all the main genetic mutation groups,
including in those classed as ‘asymptomatic’. The failure of the
current CDR plus NACC FTLD scale to account for psychotic
symptoms runs the risk of adopting inaccurate tools to iden-
tify the disease staging and treatment response in individuals
enrolled in therapeutic studies. This study suggests an initial step
to rectifying this issue.
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Supplementary Table 1. Neuropsychiatric symptoms included in the GENFI Symptom Scales in the History assessment. Scoring of each symptom

is on a scale similar to the CDR i.e. 0 (absent), 0.5 (very mild/questionable), 1 (mild), 2 (moderate), and 3 (severe).

Questionable/
Very mild

Mild

Moderate

Severe

Neuropsychiatric

Questionable neuropsychiatric symptoms.

Mild but definite
neuropsychiatric symptoms.

Moderate neuropsychiatric
symptoms.

Severe neuropsychiatric symptoms.

Visual hallucinations
Sees things that are not there

Some hallucinations may have occurred
but are of questionable significance

Hallucinations are present but
harmless and cause little
distress for the patient.

Hallucinations are distressing
and are disruptive to the
patient.

Hallucinations are very disruptive
and a major source of behavioural
disturbance. PRN medications may
be required to control them.

Auditory hallucinations

Hears voices

Some hallucinations may have occurred
but are of questionable significance.

Hallucinations are present but
harmless and cause little
distress for the patient.

Hallucinations are distressing
and are disruptive to the
patient.

Hallucinations are very disruptive
and a major source of behavioural
disturbance. PRN medications may
be required to control them.

Tactile hallucinations
Feels things that are not there

Some hallucinations may have occurred
but are of questionable significance.

Hallucinations are present but
harmless and cause little
distress for the patient.

Hallucinations are distressing
and are disruptive to the
patient.

Hallucinations are very disruptive
and a major source of behavioural
disturbance. PRN medications may
be required to control them.

Delusions

Paranoia, fear of harm, fear of theft, fear of abandonment,

delusional misidentification

Some delusions may have occurred but
are of questionable significance.

Delusions present but seem
harmless and produce little
distress in the patient.

Delusions are distressing and
disruptive.

Delusions are very disruptive and
are a major source of behavioural
disruption. If PRN medications are
prescribed, their use signals marked
severity.

Depression

Low mood, tearful, talks about deserving punishment, talks

Some features of depression may be
present but are not distressing.

Depression is distressing but
usually responds to

Depression is distressing;
depressive symptoms are

Depression is very distressing and a
major source of suffering for the

about dying redirection or reassurance. spontaneously voiced by the patient.
patient and difficult to
alleviate.
Anxiety Some features of anxiety may be present | Anxiety is distressing but Anxiety is distressing, anxiety | Anxiety is very distressing and a

Feels shaky or tense, worried about planned events, phobic

avoidance, separation anxiety

but are not distressing.

usually responds to
redirection or reassurance.

symptoms are spontaneously
voiced by the patient and
difficult to alleviate.

major source of suffering for the
patient.
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7 Irritability/Lability Some irritable or labile behaviour may Irritability or lability is notable Irritability and lability are very Irritability and lability are very
Bad temper, rapid changes in mood, sudden flashes of anger, have occurred but of questionable but usually responds to evident and difficult to evident; they usually fail to respond
impatient, argumentative significance. redirection or reassurance. overcome by the caregiver. to any intervention by the caregiver,

and they are a major source of
distress.

8 Agitation/Aggression Some agitated or aggressive behaviour Agitation is disruptive but can | Agitation is disruptive and Agitation is very disruptive and a
Stubborn, unco-operative, hard to handle, slams doors, throws may have occurred but of questionable be managed by redirection or | difficult to redirect or control. major source of difficulty; there may
things, hits or harms others significance. reassurance. be a threat of personal harm.

9 Euphoria/Elation Some euphoria or elated behaviour may Elation is notable to friends Elation is notably abnormal, Elation is very pronounced.

Feels too good or too happy, grandiose, childish behaviour have occurred but of questionable and family but is not and disruptive.
significance. disruptive.

10 | Aberrant motor behaviour Some aberrant motor behaviour may Abnormal motor activity is Abnormal motor activity is Abnormal motor activity is evident,
Paces without purpose, repeatedly dresses or undresses, have occurred but of questionable notable but produces little very evident; can be usually fails to respond to any
excessively fidgety significance. interference with daily overcome by the caregiver. intervention by the caregiver and is a

routines. major source of distress.

11 | Hypersexuality Some unusual or excessive sexual Sexual behaviour is disruptive | Sexual behaviour is disruptive | Sexual behaviour is very disruptive
Unusual or excessive sexual behaviour behaviour may have occurred but of but can be managed by and difficult to redirect or and a major source of difficulty.

questionable significance. redirection or reassurance. control.

12 | Hyperreligiosity Possible increased or unusual religious Increased or unusual religious | Increased or unusual religious | Increased or unusual religious
Increased or unusual religious experiences or feelings experiences may have occurred but are of | experiences are present but experiences may be experiences are very disruptive and

questionable significance. seem harmless and produce distressing and disruptive. are a major source of behavioural
little distress in the patient. disruption.

13 | Impaired sleep Possible impaired sleep but of Sleep is notably impaired but Sleep very impaired during Extremely poor sleep; may be
Difficulty sleeping at night, excessive sleep during the day questionable significance. produces little interference the night and may sleep distressed during the night; partner’s

with daily routines (minimal regularly the day. sleep markedly disturbed.
daytime sleepiness).

14 | Altered sense of humour Sense of humour possibly altered but of Mild but definite change in Sense of humour completely Complete loss of sense of humour.
Change in sense of humour, finds things funny which others questionable significance. sense of humour. May finds different from previously (e.g.
don't things funny which others may prefer more physical or

don'’t. ‘slapstick” humour)
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Supplementary Table 2. Severity of neuropsychiatric symptoms in controls and mutation carriers. Scores are shown as mean (standard deviation).
Bold items are significantly different to controls using linear regression (p < 0.05). Other differences are shown as 2significantly impaired compared

to GRN, Psignificantly impaired compared to MAPT and °significantly impaired compared to C90rf72 using logistic regression (p < 0.05).

All mutation carriers C9orf72 GRN MAPT
Controls
CDRO CDR 0.5 CDR 1+ CDRO CDR 0.5 CDR 1+ CDRO CDR 0.5 CDR 1+ CDRO CDR 0.5 CDR 1+
Visual hallucinations 0.00 (0.03) 0.01 (0.12) 0.04 (0.15) 0.17  (0.47) | 0.02 (0.19) 0.04 (0.18) 0.26 (0.58)2 0.00 (0.00) 0.03 (0.12) 0.10 (0.36) 0.00 (0.00) | 0.04 (0.13) | 0.06 (0.22)
Auditory
hallucinations 0.01  (0.12) 0.00 (0.06) | 0.00 (0.00) | 0.17 (0.53) | 0.01 (0.09) | 0.00 (0.00) | 0.31 (0.71) | 0.00 (0.00) | 0.00 (0.00) | 0.06 (0.21) | 0.00 (0.00) | 0.00 (0.00) | 0.00 (0.00)
Tactile

hallucinatlons 0.00 (0.00) | 0.00 (0.03) | 0.01 (0.08) | 0.07 (0.38) | 0.00 (0.05 | 0.03 (0.11) | 0.4  (0.53) | 0.00 (0.00) | 0.00 (0.00) | 0.00 (0.00) | 0.00 (0.00) | 0.00 (0.00) | 0.02  (0.10)

0.01  (0.07) | 001 (0.07) | 0.01 (0.06) | 0.32 (0.65) | 0.00 (0.05) | 0.00 (0.00) | 0.51 (0.81)® | 0.00 (0.00) | 0.00 (0.00) | 0.13 (0.36) | 0.02 (0.14) | 0.04 (0.13) | 0.16  (0.47)

Delusions
Depression 012  (0.39) | 0.09 (0.33) | 0.30 (0.52) | 0.48 (0.73) | 0.09 (0.33) | 0.26 (0.58) | 0.53  (0.81) | 0.07 (0.27) | 0.29 (0.38) | 0.45 (0.64) | 0.14 (0.44) | 043 (0.62) | 0.40  (0.68)
Anxiety 0.15 (042) | 010 (0.35) | 0.33 (0.47) | 0.57 (0.73) | 0.08 (0.32) | 0.30 (0.48) | 0.62  (0.78) | 0.12 (0.41) | 0.34 (0.49) | 0.49 (0.67) | 0.08 (0.26) | 0.39 (0.45) | 0.58  (0.75)

Irritability/lability 0.09  (0.30) 0.03 (0.13) 0.21 (0.42) | 0.60 (0.79) | 0.03 (0.11) | 0.23 (0.42) | 0.71 (0.84) 0.02 (0.12) | 0.19 (0.44) | 0.42 (0.68) | 0.04 (0.17) | 0.18 (0.37) | 0.68  (0.83)

Agitation/aggression 0.02  (0.17) 0.01 (0.06) 0.07 (0.20) | 0.31 (0.55) | 0.01 (0.07) | 0.08 (0.25) | 0.37 (0.61) 0.00 (0.04) | 0.08 (0.19) | 0.18 (0.34) | 0.01 (0.07) | 0.00 (0.00) | 0.42 (0.67)

Euphoria/elation 0.00  (0.03) 0.01 (0.05) 0.04 (0.18) | 0.34 (0.66) | 0.01 (0.08) | 0.04 (0.18) | 0.42 (0.76) 0.00 (0.00) | 0.03 (0.18) | 0.17 (0.39) | 0.00 (0.00) | 0.07 (0.18) | 0.44  (0.75)

Aberrant motor
behaviour

0.01  (0.07) | 0.00 (0.06) | 0.03 (0.12) | 0.51 (0.84) | 0.00 (0.00) | 0.03 (0.11) | 0.60 (0.92) | 0.00 (0.00) | 0.05 (0.15) | 0.35 (0.68) | 0.02 (0.14) | 0.00 (0.00) | 0.56  (0.89)

Hypersexuality 0.00 (0.03) | 0.00 (0.00) | 0.02 (0.09) | 0.21 (0.57) | 0.00 (0.00) | 0.04 (0.14) | 0.24  (0.59) | 0.00 (0.00) | 0.00 (0.00) | 0.13 (0.43) | 0.00 (0.00) | 0.00 (0.00) | 0.26 (0.72)

Hyperreligiosity 0.00 (0.00) | 0.00 (0.03) | 0.01 (0.08) | 0.14 (0.52) | 0.00 (0.00) | 0.00 (0.00) | 0.18  (0.60) | 0.00 (0.04) | 003 (0.12) | 0.05 (0.20) | 0.00 (0.00) | 0.00 (0.00) | 0.24 (0.71)

Impaired sleep 0.13  (0.40) 0.06 (0.27) 0.25 (0.49) | 0.55 (0.76) | 0.02 (0.12) | 0.24 (0.47) | 0.69 (0.87) 0.07 (0.29) | 0.31 (0.57) | 0.38 (0.57) | 0.12 (0.43) | 0.14 (0.31) | 0.48  (0.70)

Altered sense of
humour

0.00 (0.04) | 0.00 (0.03) | 0.03 (0.14) | 0.60 (0.84) | 0.00 (0.00) | 0.05 (0.20) | 0.52 (0.79) | 0.00 (0.04) | 0.02 (0.09) | 0.47 (0.70) | 0.00 (0.00) | 0.00 (0.00) | 1.12 (1.07)°
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Supplementary Table 3. Principal component analysis of (a) neuropsychiatric symptoms and (b) combined neuropsychiatric and behavioural

symptoms in C9orf72, GRN and MAPT mutation carriers. As there were no observations for tactile hallucination in the GRN group, and for auditory

hallucinations in the MAPT group these variables were excluded from the PCA in these groups.

(a)

C9orf72 GRN MAPT

Component 1 2 3 4 1 2 3 1 2 3 4
Visual hallucinations 0.00 0.89 0.27 0.00 0.49 0.71 0.00 0.76 -0.39 -0.49 -0.13

Auditory hallucinations 0.22 0.86 0.26 0.00 0.23 0.84 0.33 - - - -
Tactile hallucinations 0.33 0.17 0.42 -0.81 - - - -0.37 0.74 -0.43 -0.36
Delusions 0.41 0.74 0.33 0.00 0.76 0.25 0.18 0.00 0.00 0.85 0.27
Depression 0.00 0.20 0.83 -0.14 0.14 0.34 0.78 0.27 0.00 0.25 0.82
Anxiety 0.13 0.41 0.72 0.00 0.26 0.12 0.85 0.32 0.57 0.00 0.50
Irritability/lability 0.62 0.00 0.65 0.15 0.74 0.21 0.49 0.00 0.84 0.20 0.31
Agitation/aggression 0.66 0.00 0.61 0.14 0.85 0.16 0.35 0.56 0.68 -0.10 0.00
Euphoria/elation 0.84 0.23 0.17 0.00 0.69 0.58 0.00 0.21 0.21 0.87 0.00
Aberrant motor behaviour 0.68 0.55 0.00 0.00 0.69 0.40 0.21 0.88 0.14 0.18 0.25
Hypersexuality 0.76 0.11 0.18 -0.26 0.59 0.68 0.34 0.00 0.80 0.46 0.00
Hyperreligiosity 0.20 0.46 0.17 0.83 0.00 0.66 0.50 0.76 0.00 0.52 -0.18
Impaired sleep 0.32 0.39 0.69 0.00 0.34 0.16 0.72 -0.22 0.00 0.11 0.88
Altered sense of humour 0.76 0.49 0.00 0.27 0.39 0.76 0.20 0.58 0.18 0.61 0.33
Cumulative variance 0.26 0.50 0.71 0.82 0.29 0.56 0.77 0.23 0.45 0.68 0.85

SamraK, et al. J Neurol Neurosurg Psychiatry 2023;0:1-12. doi: 10.1136/jnnp-2022-330152



BMJ Publishin

Limited (BMJ) disclaims all liability and t
LR i Feme% oRatera 12 h gneer{g?)plledb)),theaut or(s)

onsibi|i

arising from any reliance

Supplemental material placed on this suppl al material which h J Neurol Neurosurg Psychiatry
(b)
C9orf72 GRN MAPT

Component 1 2 3 4 1 2 3 4 1 2 3 4
Visual hallucinations 0.25 0.86 0.26 0.11 0.38 0.78 0.00 0.11 0.43 -0.26 -0.13 -0.84

Auditory hallucinations 0.41 0.81 0.22 0.10 0.25 0.74 0.30 0.50 - - - -
Tactile hallucinations 0.32 0.15 0.42 -0.81 - - - - -0.42 0.85 -0.27 0.00
Delusions 0.47 0.66 0.35 0.00 0.68 0.29 0.32 -0.13 0.43 -0.11 0.22 0.71
Depression 0.00 0.22 0.83 -0.11 0.00 0.33 0.75 0.35 0.25 -0.13 0.83 0.00
Anxiety 0.16 0.40 0.72 0.00 0.15 0.00 0.86 0.19 0.22 0.45 0.62 0.00
Irritability/lability 0.61 0.00 0.65 0.00 0.45 0.41 0.67 -0.14 0.17 0.74 0.41 0.28
Agitation/aggression 0.67 -0.13 0.61 0.00 0.55 0.39 0.57 -0.27 0.54 0.69 0.00 -0.29
Euphoria/elation 0.82 0.00 0.20 -0.15 0.53 0.72 0.23 0.00 0.63 0.00 0.11 0.65
Aberrant motor behaviour 0.73 0.42 0.12 0.00 0.75 0.26 0.29 0.00 0.83 0.00 0.27 -0.28
Hypersexuality 0.70 0.00 0.23 -0.30 0.53 0.61 0.41 0.25 0.33 0.67 0.00 0.47
Hyperreligiosity 0.33 0.39 0.17 0.83 0.31 0.14 0.35 0.72 0.79 0.00 -0.11 0.00
Impaired sleep 0.32 0.33 0.70 0.00 0.41 0.00 0.69 0.20 0.00 0.00 0.82 0.25
Altered sense of humour 0.81 0.34 0.00 0.20 0.62 0.48 0.14 0.44 0.87 0.00 0.31 0.24
Disinhibition 0.79 0.37 0.27 -0.14 0.70 0.52 0.20 0.00 0.73 0.62 0.00 0.13
Apathy 0.74 0.37 0.38 0.11 0.80 0.25 0.19 0.35 0.86 0.00 0.25 0.00
Loss of sympathy/empathy 0.75 0.41 0.31 0.16 0.83 0.37 0.15 0.23 0.77 0.45 0.00 0.00
Ritualistic/compulsive behaviour 0.79 0.30 0.22 0.00 0.72 0.28 0.31 0.30 0.68 0.56 0.14 0.14
Hyperorality and appetite changes 0.83 0.38 0.11 0.13 0.77 0.20 0.35 0.26 0.88 0.00 0.24 0.20
Poor ’e5p°"se;8e‘°;°°ia"e"‘°“°"a' 0.76 0.37 0.29 0.00 0.93 0.23 0.14 0.14 0.81 0.48 0.11 0.00
Inappropriate trusting behaviour 0.81 0.33 0.15 0.00 0.80 0.36 0.16 0.17 0.90 0.12 0.10 0.13
Cumulative variance 0.39 0.56 0.73 0.81 0.37 0.55 0.73 0.82 0.40 0.59 0.71 0.82
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Supplementary Table 4. Methodology for calculating the Algorithm-based Behaviour Score.

Individual scores Overall score
All O 0
Maximum 0.5 0.5

Maximum > 0.5:

Maximum 1, all others 0 0.5
Maximum 2 or 3, all others 0 1
Maximum occurs once, another rating > 0 One level < maximum
Maximum occurs > once Maximum score
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Supplementary Figure 1. Longitudinal change in severity of depression and anxiety in asymptomatic (CDR® plus NACC FTLD global score 0),
prodromal (0.5) and symptomatic (>1) C90orf72, GRN and MAPT mutation carriers. Solid lines represent depression severity scores and dotted lines

represent anxiety severity scores.

At baseline visit:
-»- CDR® plus NACC FTLD Global score 0

CDR® plus NACC FTLD Global score 0.5

-~ -e~ CDR® plus NACC FTLD Global score 31

GRN
C9orf72 MAPT

Symptom Severity Score (mean)
Symptom Severity Score (mean)
Symptom Severity Score (mean)
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Supplementary Figure 2. Comparison of Global Behaviour Score and newly designed Algorithm-based Behaviour Score. Individual (left panel) and

group (right panel) comparisons are shown.
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Supplementary Figure 3. Comparison of the standard CDR® plus NACC FTLD with a nhew CDR® plus NACC FTLD which adds in a new
Neuropsychiatric Score and replaces the original NACC global Behaviour component with an algorithm-based Behaviour Score (CDR® plus NACC

FTLD-N-B+) in genetic mutation carrier groups (C90orf72, GRN and MAPT) judged clinically to be symptomatic.

C9orf72 GRN MAPT

iJDR‘E' plus NACC FTLD CDR® plus NACC FTLD-N-B+ CDR® plus NACC FTLD CDR® plus NACC FTLD-N-B+ ICDR® plus NACC FTLD CDR® plus NACC FTLD-N-B-i-
1

0 - asymptomatic
0.5 - prodromal
1 - mildly symptomatic

. 2 - moderately symptomatic

- _ _ . R
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