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Abstract

Background and purpose: Behavioral variant frontotemporal dementia (bvFTD) and
primary psychiatric disorders (PPD), such as mood, psychotic, and autism spectrum dis-
orders, share similar clinical characteristics of behavior and social cognition. Better un-
derstanding of clinical progression in bvFTD and PPD is essential for adequate disease
monitoring and trial design.

Methods: In this longitudinal study (N=89), patients with bvFTD and PPD with at least
one follow-up assessment were included from the Social Brain Project of the Alzheimer
Center Amsterdam. Behavioral change and social cognitive decline were assessed via
informant-rated questionnaires (Cambridge Behavioral Inventory-Revised, Frontal
Behavioral Inventory [FBI], Stereotypy Rating Inventory, Frontotemporal Dementia
Rating Scale, Revised Self-Monitoring Scale [RSMS]-caregiver) and patient assessment
(Ekman 60-Faces Test, RSMS-patient, Emotional Contagion Scale). Clinical trajectories
(median=1.4years, interquartile range=1.0-2.2) were examined using linear mixed
models. In a subsample, associations with baseline serum neurofilament light (sNfL) were
examined.

Results: At baseline, behavioral and social cognitive symptoms were similar between di-
agnosis groups, except for poorer emotion recognition in bvFTD. Over time, behavioral
symptoms worsened in bvFTD, whereas most measures remained stable and the FBI im-
proved in PPD. Regarding social cognition, emotion recognition and caregiver-reported
socioemotional sensitivity worsened in bvFTD and remained stable in PPD. Patient-
reported social cognitive measures did not change over time. Higher sNfL was associated
with faster behavioral change.

Conclusions: Trajectories of behavior and social cognition differentiate bvFTD from PPD,

provided that social cognition is not patient-reported. Therefore, we stress the need to
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optimize longitudinal social cognitive assessment in bvFTD. sNfL may be a useful prog-

nostic marker of behavioral progression in neuropsychiatric populations.
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cohort study, disease progression, neuropsychiatric symptoms, outcome measures, social

functioning

INTRODUCTION

The behavioral variant frontotemporal dementia (bvFTD) is a dev-
astating neurodegenerative disease characterized by prominent
changes in behavior and personality [1], challenging early diag-
nosis, accurate disease monitoring, and appropriate trial design.
First, the clinical resemblance between behavioral manifestations
seen in bvFTD and primary psychiatric disorders (PPD) poses a
major diagnostic dilemma. Several core features of bvFTD, which
include the symptoms of apathy, disinhibition, and stereotypy,
show considerable overlap with symptoms of major depressive
disorder (MDD), bipolar disorder, schizophrenia, and obsessive-
compulsive disorder (OCD) [2, 3]. As a consequence, difficulty
differentiating bvFTD from PPD results in frequent misdiagnosis,
severe diagnostic delay, and inappropriate disease management
[4]. Furthermore, the clinical heterogeneity inherent to bvFTD
and lack of a validated biological marker tracking underlying neu-
ropathological changes hinder the use of standardized assessment
tools and precise detection of progression. A promising clinical
feature of bvFTD, social cognitive impairment, is considered to
underlie dissocial behaviors and has been well validated for diag-
nosing bvFTD [3, 5]. However, prominent social cognitive deficits
in bvFTD may resemble socioemotional profiles of PPD as well,
such as state-dependent difficulties in emotion recognition in
MDD, autism spectrum disorder (ASD), and schizophrenia [6-8].
Gaining deeper insight in similarities and differences in the clinical
phenotypes of bvFTD and PPD is essential for ensuring accurate
research and care of these distinct entities.

During disease progression, prevalence and prominence of
behavioral symptoms may vary in bvFTD [9]. Several longitudinal
studies support a crescendo-decrescendo trajectory of behavior,
in which positive symptoms (such as disinhibition and persevera-
tions) increase until intermediate phases, whereas negative symp-
toms (such as apathy) increase throughout the disease course and
dominate severe disease stages of bvFTD [10-13]. Regarding social
cognitive impairment, literature on progression is limited and in-
conclusive. Results in longitudinal studies on emotion recognition,
assessed with the Ekman 60-Faces Test (EK-60) [14], are incon-
sistent [15-17]. Studies on socioemotional sensitivity, assessed
with the informant-rated Revised Self-Monitoring Scale (RSMS),
yield some promise, showing decline over 1year in bvFTD [18], but
need further longitudinal validation. Among the available biomark-
ers in bvFTD, neurofilament light (NfL), a marker for neuroaxonal
damage detected in cerebrospinal fluid or serum, has shown great
potential for differentiating bvFTD from PPD, as well as reflecting
disease severity [19, 20]. However, NfL levels may vary in FTD, and

slight elevations have been observed in PPD (e.g., bipolar disor-
der, schizophrenia, and MDD), various neurological disorders, and
(healthy) advanced ageing [21, 22]. The prognostic value of NfL on
changes of behavior and social cognition has been less defined.
Better understanding of the natural course of behavior and so-
cial cognitive disturbances in bvFTD and PPD is essential for tailored
care and cohort design. Importantly, accurate evaluation of clinically
meaningful disease progression, such as socioemotional changes, is
crucial for the assessment of the effectiveness of future clinical trials
in bvFTD. In this longitudinal study, we aim to compare trajectories of
behavior and social cognition through comprehensive clinical assess-
ment in patients with bvFTD and various PPD. Additionally, we ex-
amine the predictive value of serum NfL (sNfL) on behavioral change

and social cognitive decline in this neuropsychiatric population.

METHODS
Participants

Eighty-nine patients were included from the Social Brain Project,
between November 2016 and September 2022, in collaboration
with the Alzheimer Center Amsterdam of Amsterdam University
Medical Center (UMC) and the Old Age Psychiatry Department
of GGZ inGeest. The Social Brain Project is an observational and
prospective cohort study, designed to examine late onset so-
ciobehavioral change in patients with bvFTD and PPD, present-
ing with similar clinical symptoms, such as apathy, disinhibition,
stereotypy, and/or loss of empathy. Inclusion criteria comprised
late onset (>40years of age) prominent behavioral change indi-
cated by scores on the Frontal Behavioral Inventory (FBI; >11) or
the Stereotypy Rating Inventory (SRI; >10). Exclusion criteria en-
compassed inability to sign the informed consent, alcohol abuse,
severe cognitive deterioration indicated by the Mini-Mental State
Examination (MMSE; <18), or a diagnosis other than bvFTD or
PPD. The study protocol was approved by the medical ethics com-
mittee of the Amsterdam UMC. All patients provided written in-
formed consent to use their data for research purposes. Age, sex,
and educational level were assessed, as well as several screening
tools for global cognition (MMSE), frontal dysfunction (Frontal
Assessment Battery [FAB]), presence of depressive symptoms
(Montgomery-Asberg Depression Rating Scale [MADRS]), and car-
egiver burden (Zarit Burden Interview [ZBI]). All patients with at
least one follow-up measurement were included (N =89), of whom
71 patients completed a 1-year follow-up (mean=1.1+0.3years
from baseline) and 56 patients completed a 2-year follow-up
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(mean=2.5+0.5years from baseline). Due to the naturalistic char-
acter of this study, the number of visits after 1year was lower in
PPD than bvFTD (X?=7.571 [1], p=0.006). However, the distribu-
tion of total follow-up visits and follow-up duration did not differ
between diagnosis groups (all p>0.05).

Diagnostic workup

For diagnostic evaluation at baseline, patients received a stand-
ardized dementia screening and additional neuropsychiatric
evaluation, including medical history, informant-based history,
neurological and medical examination, neuropsychiatric and neu-
ropsychological investigation, brain magnetic resonance imaging,
laboratory tests, and genetic screening (standard dementia panel
and additional FTD-related genes on indication). Anticipating
the characteristic loss of insight in patients with bvFTD, multiple
informant-rated clinical questionnaires were administered to in-
formal caregivers (i.e., partners or family members of the patient).
In a multidisciplinary consensus meeting, the clinical diagnosis
was determined by an expert neurologist and psychiatrist, accord-
ing to Frontotemporal Dementia Consortium criteria [1] and the
Diagnostic and Statistical Manual of Mental Disorders, 5th edi-
tion. At follow-up, clinical assessments were repeated, including
neurological, neuropsychiatric, and neuropsychological investi-
gation. The bvFTD group consisted of 63 patients, including 45
patients with probable bvFTD (i.e., cases with frontal and/or ante-
rior temporal atrophy or hypoperfusion on neuroimaging) and 18
patients with definite bvFTD (i.e., carriers of a known pathogenic
mutation associated with FTD). The definite bvFTD cases included
mutations of C9ORF72 repeat expansion (n=13), MAPT (n=1),
GRN (n=1), TARDBP (n=1), TBK1 (n=1), and OPTN (n=1). The PPD
group consisted of 26 patients, for whom diagnoses varied be-
tween MDD (n=11), bipolar disorder (n=3), ASD (n=6), personal-
ity disorder (n=5), and psychotic disorder (n=1). From baseline to
follow-up, n=64 cases (71.9%) did not change diagnosis over time
(=51 bvFTD, n=13 PPD) and n=16 (18%) switched from a post-
poned diagnosis to a diagnosis group (n=6 bvFTD, n=10 PPD).
Furthermore, n=3 (3.4%) switched from possible bvFTD to PPD
(n=1 personality disorder,n=1 ASD, n=1 MDD) and n=6 (6.7%)
switched from possible bvFTD to probable bvFTD.

Behavioral assessment

Behavioral symptoms were assessed with four informant-rated
questionnaires. The Cambridge Behavioral Inventory-Revised
(CBI-R) assessed the frequency of a range of behaviors, through
45 items on a 5-point scale, covering 10 domains (memory and
orientation, instrumental activities of daily life, self-care, ab-
normal behavior, mood, perception, eating habits, sleep, stereo-
typical and motor behavior, motivation) [23, 24]. This results in
a CBI-R total score ranging from O to 180, with higher scores

indicating more behavioral change. Similarly, the FBI assessed
the severity of a range of behaviors, through 24 items on a 4-
point scale, resulting in an FBI total score ranging from O to
72, with higher scores indicating more behavioral change [25].
Additionally, a FBI positive symptom score (e.g., impulsivity, agi-
tation) and an FBI negative symptom score (e.g., apathy, indif-
ference) were obtained, to investigate more specific behavioral
profiles. The SRI was used to rate the frequency and severity of
five stereotypic and compulsive behaviors (eating and cooking,
roaming, speaking, movements, daily rhythm), resulting in a total
score ranging from O to 60, with higher scores indicating more be-
havioral change [26]. The Frontotemporal Dementia Rating Scale
(FTD-FRS) was used to rate the presence of functional depend-
ence and behavioral symptoms through 30 items covering seven
domains (behavior, transportation and groceries, domestic tasks,
finance, medication, cooking and eating, self-care and mobility)
[27]. The total FRS score was given as a percentage (0%-100%),
with a lower percentage indicating more behavioral change. Data
availability of longitudinal behavioral measures comprised a total
of 103 assessments of the CBI-R (n=79 bvFTD, n=24 PPD), 106
assessments of the FBI (n=81 bvFTD, n=25 PPD), 124 assess-
ments of the SRI (h=94 bvFTD, n=30 PPD), and 117 assessments
of the FTD-FRS (n=90 bvFTD, n=27 PPD), divided over 1-year
and/or 2-year follow-up.

Social cognition assessment

Social cognition was assessed in multiple facets, including emo-
tional recognition, socioemotional sensitivity, and emotional sus-
ceptibility. Emotion recognition was assessed with the EK-60, a
60-item cognitive test in which six basic emotions (happiness, sad-
ness, anger, fear, surprise, disgust) are asked to be identified in
male and female faces, with a total score ranging between 0 and
60 [14]. Socioemotional sensitivity was assessed with the RSMS,
by the informant (RSMS-caregiver) and patient (RSMS-patient)
[28-30]. This 13-item questionnaire measures an individual's
awareness and sensitivity to socioemotional behavior and expres-
sions (such as the ability to understand social cues and adapt one's
behavior) on a 6-point scale, with a total RSMS score ranging from
0 to 65. More specifically, emotional susceptibility was measured
with the Emotional Contagion (EC) scale, a self-rated 15-item
questionnaire that measures physical and psychological reactiv-
ity to one's socioemotional surroundings, for example, tears or
joyful feelings generated by mimicry [31]. The rating of 15 items
on a 4-point scale within five emotional domains (happiness, love,
fear, anger, sadness) results in a total EC score ranging from O to
60. For all social cognitive measures, lower scores indicate poorer
social cognitive functioning. Data availability of longitudinal so-
cial cognition measures comprised a total of 102 assessments
of the EK-60 (n=74 bvFTD, n=28 PPD), 94 assessments of the
RSMS-caregiver (h=73 bvFTD, n=21 PPD), 78 assessments of the
RSMS-patient (n=59 bvFTD, n=19 PPD), and 82 assessments of
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the EC scale (=57 bvFTD, n=25 PPD), divided over 1-year and/
or 2-year follow-up.

NfL analysis

sNfL levels were available for 22 patients (n=15 bvFTD, n=7
PDD). Serum was obtained through venipuncture around the time
of the baseline visit (mean difference [SD]=6.55 [8.73] months).
After an approximate 10-15-min centrifugation at 1800-1900
x g (room temperature), serum was distributed in 0.5-mL aliquots
in polypropylene tubes and stored at a temperature of -80°C
until dispatch. NfL concentrations were determined using Single
Molecular Array (Simoa) technology. Samples underwent centrifu-
gation at 10,000x g for 5min to distinguish the debris. For detec-
tion of the target protein (NfL), 70 uL of each sample was pipetted,

transferred into 96-well Quanterix plates, adjoined with reagent,
and 4x diluted.

Statistical analyses

All statistical analyses were performed in R (v4.2.1., https://www.r-
project.org/, package Ime4, package ggplot2) and SPSS (v28, SPSS
Statistics for Windows, IBM, Armonk, NY, USA). Assumptions for nor-
mality were checked. Differences in baseline characteristics between
groups were tested using independent samples t-test, chi-square
test, and Mann-Whitney U-test, when appropriate. The Bonferroni
method was applied to correct for multiple comparisons in base-
line outcome measures (MMSE, FAB, MADRS, ZBI, CBI-R, FBI, SRI,
FTD-FRS, RSMS-caregiver, RSMS-patient, EK-60, EC, adjusted p-
value=0.05/12=0.0042). Changes over time were assessed with linear

TABLE 1 Baseline characteristics of

Characteristic Total bvFTD PPD p
the total sample and diagnosis group

n 89 (100) 63(70.8) 26(29.2) differences.
Age, years 64.2+75 65.8+6.8 60.4+77 <0.01
Sex, female 30(33.7) 24 (38.1) 6(23.1) 0.17
Education, years 109+2.8 10.7+2.8 11.4+2.8 0.27
Global cognition screener, MMSE 26 [24-28] 26 [24-28] 28 [27-29] <0.01
Frontal cognition screener, FAB 15 [12-17] 15[11-17] 17 [15-18] <0.05
Depressive symptoms, MADRS 6[2-12] 4 [2-8] 14 [8-28] <0.001
Caregiver burden, ZBI 33.7+154 32.2+14.7 374+16.9 0.25
Baseline behavior
Functional/behavior, CBI-R 52.2+22.3 51.0+22.7 55.4+21.5 0.45
Frontal behavior, FBI 23.4+9.5 22.4+9.6 26.7+8.9 0.10
Stereotypy, SRI 10.2+9.6 11.1+10.1 8.0+7.9 0.20
Functional/behavior, FTD-FRS 55.8+20.3 56.8+20.3 53.3+20.6 0.51
Baseline social cognition
Socioemotional sensitivity, 264+11.8 26.5+12.9 26.2+9.1 0.92
RSMS-caregiver
Socioemotional sensitivity, 34.8+10.1 35.7+10.6 32.7+9.0 0.28
RSMS-patient
Emotion recognition, EK-60 34.9+10.2 32.1+9.7 41.5+8.1 <0.001
Emotional susceptibility, EC scale 39.9+8.3 39.7+8.3 40.5+8.4 0.74
Longitudinal assessment
Total follow-up visits, n 127 (47.6) 95 (50.3) 32 (41.0) 0.17
Total follow-up duration, years 14[1.0-2.2] 1.4 1.6 0.10

[1.0-2.2] [1.0-2.4]

Note: Data are presented as n (%), mean+SD, or median [interquartile range]. For CBI-R, FBI, and
SRI, higher scores indicate more behavioral symptoms; for FTD-FRS, RSMS, EK-60, and EC scale,

lower scores indicate poorer functioning;

Abbreviations: bvFTD, behavioral variant frontotemporal dementia; CBI-R, Cambridge Behavioral
Inventory-Revised (max. 180); EC, Emotional Contagion (max. 60); EK-60, Ekman 60-Faces Test
(max. 60); FAB, Frontal Assessment Battery (max. 18); FBI, Frontal Behavioral Inventory (max.

72):; FTD-FRS, Frontotemporal Dementia Rating Scale (max. 100); MADRS, Montgomery-Asberg
Depression Rating Scale (max. 60); MMSE, Mini-Mental State Examination (max. 30); PPD, primary
psychiatric disorders; RSMS, Revised Self-Monitoring Scale (caregiver-rated or patient-rated, max.
65); SRI, Stereotypy Rating Inventory (max. 60); ZBI, Zarit Burden Interview (max. 88).
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mixed-effects models (LMM). Because patients with bvFTD were sig-
nificantly older than patients with PPD, LMM analyses were adjusted
for age. The model included terms for time (years), diagnosis (bvFTD/
PPD), an interaction term of diagnosis*time, and age at baseline. In all
models, subject-specific random intercepts and random slopes with
time were assumed based on a priori hypotheses and overall model fit,
meaning that the model accounted for individual variation of baseline
measure and individual variation of change in outcome measure over
time. Because certain genetic forms of bvFTD (e.g., C9ORF72 repeat
expansion) are known for typical neuropsychiatric phenotypes and/or
progression rates [32], LMM analyses were repeated excluding genetic
cases. In additional (LMM) analyses, we tested whether baseline sNfL
was predictive of changes over time in behavioral and social cognition
measures. The model included terms for time (years), an interaction
term of sNfL*time, and covariate adjustment for age at baseline and
time difference between venipuncture and baseline measurement.
Results are presented with test statistic (df); p-value and 95% confi-
dence interval (Cl); or estimated coefficient (B), standard error (SE),
and p-value. To quantify the magnitude of effect sizes (small=0.2,
medium=0.5, large=0.8), standardized coefficients (Cohen d) are pre-
sented for significant results. Significance was set at p<0.05 for all re-

sults, except for interaction effects (p <0.10) [33].

RESULTS
Characteristics
We included 63 patients with bvFTD and 26 patients with PPD

(Table 1). Patients with bvFTD were older than patients with
PPD (t[87]=3.28, p<0.01, 95% Cl=2.1-8.7). There were no

differences in distribution of sex and level of educational between
diagnosis groups. Patients with bvFTD scored lower on a screener
for global cognition (MMSE: U=2840.5, p <0.01), and patients with
PPD scored higher on a screener for depressive symptoms than
bvFTD (MADRS: U=1187.5, p<0.001). The severity of caregiver
burden was comparable between caregivers of patients with
bvFTD and PPD (ZBI). Baseline measures for behavioral symp-
toms (CBI-R, FBI, SRI, FTD-FRS) and social cognitive functioning
(RSMS-caregiver, RSMS-patient, EC scale) did not differ between
diagnosis groups, except for lower scores on emotion recogni-
tion in the bvFTD group compared to PPD (EK-60, t[86]=-4.31,
p<0.001, 95% Cl = -13.7 to -5.0). The total number of follow-
up visits and follow-up duration were similar between diagnosis

groups.

Behavioral change

Change in behavioral symptoms over time, as measured with the
CBI-R and the FBI, differed between patients with bvFTD and PPD
(CBI-R interaction: B [SE]=-9.56 [3.39], p<0.01, Cohen d= -0.43;
FBI interaction: B [SE]=-5.05 [1.40], p<0.001, Cohen d= -0.54;
Table 2). Compared to baseline, behavioral symptoms worsened in
bvFTD (CBI-R: B [SE]=7.88 [1.71], p<0.001, Cohen d=0.36; FBI:
B [SE]=2.36 [0.66], p<0.001, Cohen d=0.25) and remained sta-
ble (CBI-R) or slightly improved in PPD (FBI: B [SE]=-2.69 [1.23],
p<0.05, Cohen d= -0.29; Figure 1a,b). For the FBI, course of the
negative subscale (e.g., apathy, indifference) and the positive sub-
scale (e.g., impulsivity, agitation) differed between diagnosis groups
(FBI negative subscale interaction: B [SE]=-3.21 [0.99], p<0.01,
Cohen d= -0.46; FBI positive subscale interaction: B [SE]=-1.38

TABLE 2 Progression of behavior and

social cognition over time per diagnosis Measure n Change in bvFTD Change in PPD Different trajectories

group and difference in trajectories. CBI-R 88  7.88(1.71)** -1.68(2.93) -9.56 (3.39)*
FBI 87  2.36(0.66)** -2.69 (1.23)* -5.05 (1.40)**
FBI positive 88 0.31(0.24) -1.07 (0.47)* -1.38 (0.53)*
FBI negative 89  1.86(0.49)** -1.35(0.86) -3.21(0.99)*
SRI 89  2.61(0.70)** 0.29 (1.17) -2.32(1.36)"**
FTD-FRS 88  -6.62(1.25)** 0.61(2.16) 7.24 (2.50)*
RSMS-caregiver 76  -2.55(0.83)* 0.34 (1.4¢) 2.89 (1.68)***
RSMS-patient 72 -1.38(0.95) 0.74 (1.47) 2.11(1.76)
EK-60 88  -2.07(0.42)** -0.24 (0.61) 1.83(0.75)*
EC scale 74 -0.95(0.61) -0.85(0.83) 0.10(1.03)

Note: Data are presented as B (standard error). For CBI-R, FBI, and SRI, higher scores indicate
worsening of symptoms; for FTD-FRS, RSMS, EK-60, and EC scale, lower scores indicate worsening

of symptoms.

Abbreviations: bvFTD, behavioral variant frontotemporal dementia; CBI-R, Cambridge Behavioral
Inventory-Revised; EC, Emotional Contagion; EK-60, Ekman 60-Faces Test; FBI, Frontal Behavioral
Inventory; FTD-FRS, Frontotemporal Dementia Rating Scale; PPD, primary psychiatric disorders;
RSMS, Revised Self-Monitoring Scale; SRI, Stereotypy Rating Inventory.

*p<0.05, **p<0.001, ***p<0.10.
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FIGURE 1 Trajectories of behavioral change in patients with bvFTD versus PDD. bvFTD, behavioral variant frontotemporal dementia;
CBI-R, Cambridge Behavioral Inventory-Revised; FBI, frontal behavioral inventory; FTD-FRS, Frontotemporal Dementia Rating Scale;
PPD, primary psychiatric disorders; SRI, Stereotypy Rating Inventory. For CBI-R (a), FBI (b), and SRI (c), higher scores indicate worsening of
symptoms; for FTD-FRS (d), lower scores indicate worsening of symptoms, *p <0.05.

[0.53], p<0.05, Cohen d =-0.35). In bvFTD, negative symptoms
increased (B [SE]=1.86 [0.49], p<0.001, Cohen d=0.27) and posi-
tive symptoms remained stable over time, whereas in PPD nega-
tive symptoms remained stable and positive symptoms decreased
over time (B [SE]=-1.07 [0.47], p<0.05, Cohen d= -0.27). Change
in stereotypical behavior over time, measured with the SRI, differed
between diagnosis groups (SRI interaction: B [SE]=-2.32 [1.36],
p<0.10, Cohen d= -0.22). Compared to baseline, stereotypical be-
haviors increased in bvFTD (B [SE]=2.61 [0.70], p<0.001, Cohen
d=0.25) and remained stable in PPD (Figure 1c). The trajectory of
functional dependence and behavioral disturbance, as measured
with the FTD-FRS, differed between patients with bvFTD and PPD
(FTD-FRS interaction: B [SE]=7.24 [2.50], p<0.01, Cohen d=0.35).
Over time, daily and behavioral functioning decreased in bvFTD (B
[SE]=-6.62 [1.25], p<0.001, Cohen d= -0.32), whereas PPD pa-
tients remained stable (Figure 1d). When analyses were repeated in
a sample excluding definite bvFTD (n=18), results were comparable
(Table S1).

Social cognitive decline

Change in socioemotional sensitivity over time differed between pa-
tients with bvFTD and PPD, as measured with RSMS-caregiver (in-
teraction: B [SE]=2.89 [1.68], p<0.10, Cohen d=0.27) but not with
RSMS-patient (Figure 2a,b). In bvFTD, caregivers reported decreased
socioemotional sensitivity over time (B [SE]=-2.55 [0.83], p<0.01,
Cohen d= -0.24), whereas patients did not report change. In PPD,
socioemotional sensitivity did not change, according to caregivers
and patients. The course of emotion recognition, as measured with
the EK-60, differed between patients with bvFTD and PPD (interac-
tion: B[SE]=1.83[0.75], p<0.05, Cohen d=0.19). Compared to base-
line, emotion recognition decreased in bvFTD (B [SE]=-2.07 [0.42],
p<0.001, Cohen d= -0.22) but remained stable in PPD (Figure 2c).
Change in emotional susceptibility, as measured with the EC scale,
was similar between diagnosis groups, and did not decline in bvFTD
or PPD (Figure 2d). When analyses were repeated in a sample exclud-
ing definite bvFTD (n=18), results were comparable (Table S1).
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FIGURE 2 Trajectories of social cognitive decline in patients with bvFTD versus PDD. bvFTD, behavioral variant frontotemporal
dementia; EC, Emotional Contagion; EK-60, Ekman 60-Faces Test; PPD, primary psychiatric disorders; RSMS, Revised Self-Monitoring Scale.
For RSMS (a, b), EK-60 (c), and EC scale (d), lower scores indicate worsening of symptoms, *p <0.05.

Baseline sNfL in relation to clinical progression

In a subsample of neuropsychiatric patients (1=15 bvFTD, n=7 PPD),
sNfL levels were associated with rate of behavioral change (Table 3).
Higher sNfL levels at baseline were associated with faster increase
of behavioral symptoms (CBI-R: B [SE]=0.60 [0.2], p<0.05, Cohen
d=0.52), with a particular increase of negative behavioral symptoms
(FBI negative subscale: B [SE]=0.12 [0.05], p<0.05, Cohen d=0.36)
and steeper decline of functional dependence and behavioral dis-
turbance (FTD-FRS: B [SE]=-0.33 [0.16], p<0.05, Cohen d= -0.29).
There were no significant associations between baseline sNfL levels

and rate of change on other behavioral or social cognition measures.

DISCUSSION

In this longitudinal study, we examined clinical progression by
means of behavioral change and social cognitive decline in patients
with bvFTD and PPD. Trajectories of behavior and social cognition

differed between diagnosis groups, except for patient-reported
social cognition. In bvFTD, multiple behavioral symptoms, emo-
tion recognition, and (caregiver-reported) socioemotional sensitiv-
ity worsened over time, whereas patient-reported social cognitive
measures did not change. In PPD, most measures remained stable
over time, despite improvement of positive behavioral symptoms.
In this neuropsychiatric sample, higher baseline levels of sNfL were
associated with a faster rate of behavioral change.

These findings are consistent with longitudinal studies in bvFTD
with similar outcome measures, stating an increase of overall behav-
ioral symptoms, including stereotypy (FBI, CBI-R, FTD-FRS, SRI) [12,
17, 34-37], and a decrease of emotion recognition and (caregiver-
reported) socioemotional sensitivity (EK-60, RSMS-caregiver) [15,
18]. At the same time, our results contradict studies reporting un-
changed stereotypy or emotion recognition over time [16, 17]. At
baseline, emotion recognition was the only differential feature be-
tween bvFTD and PPD, confirming the robust diagnostic utility and
less pronounced prognostic value of the EK-60 [5]. Several factors are
suggested to contribute to current findings on clinical trajectories,
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TABLE 3 Associations of baseline sNfL with progression of
behavior and social cognition over time.

Measure n sNfL prediction p
CBI-R 22 0.60(0.2) 0.01*
FBI 21 0.12 (0.09) 0.18
FBI positive 22 0.02 (0.03) 0.45
FBI negative 22 0.12 (0.05) 0.03*
SRI 22 0.10(0.08) 0.18
FTD-FRS 22 -0.33(0.1¢) 0.04*
RSMS-caregiver 18 -0.16 (0.09) 0.10
RSMS-patient 17 0.06 (0.07) 0.36
EK-60 22 -0.02 (0.03) 0.59
EC scale 20 0.05 (0.04) 0.23

Note: Data are presented as B (standard error). For CBI-R, FBI, and SR,
higher scores indicate worsening of symptoms; for FTD-FRS, RSMS, EK-
60, and EC scale, lower scores indicate worsening of symptoms.

Abbreviations: CBI-R, Cambridge Behavioral Inventory-Revised,;

EC, Emotional Contagion; EK-60, Ekman 60-Faces Test; FBI, Frontal
Behavioral Inventory; FTD-FRS, Frontotemporal Dementia Rating
Scale; RSMS, Revised Self-Monitoring Scale; sNfL, serum neurofilament
light; SRI, Stereotypy Rating Inventory.

*p<0.05.

highlighting fundamental aspects of bvFTD and PPD. First, it is likely
that anosognosia, the lack of insight into and awareness of a patient's
own symptoms that is inherent to bvFTD, impeded the reliability of
patient-reported social cognition (RSMS-patient, EC scale). With this
in mind, it is important to distinguish patient-reported and caregiver-
reported outcome measures in bvFTD, with the most validation for
caregiver-reported questionnaires (e.g., RSMS) and patient-assessed
tests (e.g., EK-60). Current results stress the need for better oper-
ationalization of socioemotional change over time, preferably on
multiple levels of social cognition (i.e., social perception, interpre-
tation, and reasoning). Furthermore, our results support the notion
that (distinct facets of) behavioral progression may not be linear. We
found an increase of negative symptoms and unchanged positive
symptoms in bvFTD, in line with studies reporting dominating nega-
tive symptoms (e.g., apathy) over time [10-13]. Although the sum of
behaviors (total scores of CBI-R, FBI, and FTD-FRS) showed a clear
decline in our bvFTD sample, clinical trials should account for lon-
gitudinal interbehavioral fluctuations when interpreting these out-
come measures. Observations of the PPD group showed unchanged
or improved symptoms over time, which may reflect differential
responses to psychiatric treatments. Effective disease management
in PPD, by means of psychotherapy and/or psychopharmacology,
intended to modify clinical course, may explain the decrease of pos-
itive behavioral symptoms in the current PPD sample. Although be-
havioral disturbances are known to be multifactorial, in a broader
context, these results might suggest that certain positive behaviors
are state rather than trait in PPD. However, with regard to inter-
pretation of PPD trajectories, one should bear in mind that current
measures, such as the FTD-FRS, are most suitable for bvFTD, not
PPD. Development of outcome measures that are (equally) suitable

for clinical evaluation of both entities may improve precise compar-
ison of progression.

Regarding the prognostic value of sNfL, our findings are in line
with studies associating (serum or cerebrospinal fluid) NfL with
several indicators of disease severity in FTD, such as regional brain
atrophy and decline on functional or cognitive screeners (Clinical
Dementia Rating [CDR]-Frontotemporal Lobar Degeneration, CDR,
FAB) [17, 20, 38, 39]. Although sNfL was not associated with decline
of the FBI total score and SR, similar to one previous study [17], we
do find associations with other robust behavioral measures (CBI-R,
FTD-FRS) and the negative subscale of FBI. Another study reported
a comparable lack of association between NfL and social changes,
using the Social Norms Questionnaire [39], but further investigation
with (optimized) social cognitive measures is needed. Although not
disease-specific, SNfL may be a useful prognostic marker, at least of
behavioral progression, in neuropsychiatric populations.

In this study, there are limitations to consider. First, current the
PPD sample was relatively small and diverse, which may have in-
fluenced results on differential diagnostic ability. Yet, this sample
represents clinical practice well, heightening general applicability.
Second, the use of patient-reported outcomes might be unreliable
for detection of deficits in social cognition, a construct encompass-
ing the reflection of one's self in relation to others. Lastly, current fol-
low-up time may be too short to record change in certain symptoms,
and data over a more extensive period of time may further elucidate
progression profiles. However, this is one of the first longitudinal
studies comparing clinical progression of bvFTD and PPD, using an
extensive battery of (bvFTD-specific) behavioral questionnaires and
socioemotional assessment. In this unique neuropsychiatric sam-
ple, representing various causes of late onset behavioral change,
diagnostic certainty is notably high, due to an extensive (multidisci-
plinary) diagnostic workup and evaluation of an expert neurologist
and psychiatrist. Our analyses of the prognostic value of baseline
sNfL contribute to current neuropsychiatric literature as one of the
few studies associating NfL to specific measures of behavior and so-
cial cognition. Future research should focus on larger samples of var-
ious PPD and bvFTD subtypes, allowing separate analyses of major
PPD diagnoses and genetic and sporadic bvFTD subtypes, as well
as adjustment of potential confounding factors, such as body mass
index, in sNfL associations [40]. In addition, inclusion of more val-
idated and sensitive (caregiver-reported) social cognition outcome
measures and extended follow-up time (>5years) may enhance the
robustness and generalizability of these findings.

Concluding, behavioral trajectories differed between bvFTD
and PPD, whereas differences in social cognition trajectories were
limited to emotion recognition (EK-60) and caregiver-reported so-
cioemotional sensitivity (RSMS-caregiver). Importantly, current
operationalization of social cognition, using two patient-reported
outcome measures (RSMS-patient, EC scale), seemed insufficient to
detect change in bvFTD. In light of potential endpoints for clinical
trials, we stress the need to optimize longitudinal social cognitive
assessment through more comprehensive, caregiver-reported and
patient-assessed, proxies of socioemotional changes.
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