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Abstract

Background

Certain subtypes of young onset dementia (YOD), such as the behavioural variant
of FTD or the behavioural variant of AD (bvYOD), present with changes in social
behaviour instead of memory impairments. These symptoms are often under-
recognized, delaying the diagnosis and contributing to psychosocial problems.
Impairments in social cognition (SC), an important affected domain in bvYOD,
underlie these social behavioural changes. Especially emotional blunting and a lack
of empathy in patients with bvYOD might be related to problematic social behaviour,
such as risk-taking behaviour, which may potentially harm others. However, despite
the importance of SC impairments in the diagnosis of YOD and the impact of SC
impairments on social behaviour, there is a lack of valid and well normed measures
for certain aspects of SC, such as emotion experience and empathy.

Methods

The YOD-RiSoCo study is an observational prospective cohort study, consisting of
two separate, but related, studies. Study 1 includes 64 patients with bvYOD and 64
healthy controls to assess the sensitivity and validity of newly developed SC instru-
ments for measuring emotion experience and empathy, by comparing their average
group performance. Furthermore, validity of the new instruments will be assessed by
analysing the associations of performances on these new tests with those on more
traditional SC and other neurocognitive tests. Study 2 focuses on assessing to which
extent SC measures relate to risk-taking behaviour. This study includes
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20 patients with bvYOD and 20 healthy controls from Study 1, in addition to 20
patients with non-bvYOD (e.g. Alzheimer’s dementia or vascular dementia) and 20
patients with serious brain injury affecting frontal networks. A specific question is
whether the relationship between SC and risk-taking behaviour is generic (for all
groups with SC impairments), or specific (not in dementia without SC impairments).

Discussion

Results of the YOD-RiSoCo study will yield new, sensitive neuropsychological tests
for aspect of social cognition, which may contribute to a more timely diagnosis of
YOD, allowing earlier provision of appropriate counselling and care for patients and
their close others. Furthermore, the study will contribute to a better identification

of those social behavioural symptoms that negatively affect functioning and social
relations.

Trial registration
The trial is registered at www.clinicaltrials.gov with identifier NCT06286293

Background

Young-onset Dementia (YOD) refers to dementia with the onset before the age of

65 [1,2]. The global age-standardized prevalence of YOD is approximately 119 per
100.000 population [2]. Alzheimer’s disease (AD), vascular dementia (VD), and fron-
totemporal dementia (FTD) are the dominant causes of YOD, including various differ-
ent subtypes as well [2,3]. Characteristic of YOD, other than in later-onset dementia,
is that memory impairments are not predominant, and may not be present until later
in the disease process [4]. In some variants of YOD, such as the behavioural vari-
ant of frontotemporal dementia or the behavioural variant of Alzheimer’s dementia,
YOD can present in its early stages with social behavioural changes. These social
behavioural changes can include behaviours that have a negative impact on other
people, or can even endanger them, such as disinhibition, aggression and risk-taking
behaviour. Symptoms in the early disease stages of YOD, especially changes in
social behaviour, are often under-recognized, which delays the diagnosis and often
contributes to psychosocial problems [5-7].

Related to these behavioural changes is social cognition (SC), an important
affected domain in the behavioural variants of YOD (bvYOD), which underlies the
abilities to exhibit appropriate social behaviour. Social cognition concerns the abil-
ity to perceive socially relevant information, understand the thoughts, feelings and
intentions of others and respond adequately [8]. Important aspects of SC are the
recognition of facial expressions of emotions, perspective taking (also referred to as
mentalizing or Theory of Mind [ToM]), and empathy. ToM can be divided into cognitive
ToM, concerning the ability to assess another’s thoughts and knowledge, and affec-
tive ToM, concerning the ability to assess another’s feelings and emotions through
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cognitive processes [9]. Empathy on the other hand, is a more emotional process of sharing in another’s affective state
and feeling with another’s emotions [9].

In patients with bvYOD, impairments can occur in all these aspects of SC, and especially emotional blunting and
a lack of empathy are often reported by close others [10]. This lack of emotion experience and empathy might be
related to problematic behaviour, such as risk-taking behaviour, as patients do not experience the signalling function
of emotions, such as fear, to warn them for possible risks [11,12]. Furthermore they might also be unable to suffi-
ciently experience the emotional impact of their actions on other people [11,12]. There is already some evidence
of a relationship between SC aspects, including empathy, and problematic social behaviour, such as risk-taking
behaviour [13—-15]. However, studies into the relationship between empathy and risk-taking behaviour assess empa-
thy with subjective questionnaires, or indirect measures, such as (functional) imaging data, for empathy, instead of
performance-based measures.

Despite the importance of SC in the diagnosis of YOD and the impact of SC impairments on social behaviour, such as
risk-taking behaviour, there is a lack of sensitive and valid neuropsychological tests for measuring SC aspects. To date,
only tests for emotion recognition, and some ToM tests are validated and widely used. No valid performance-based instru-
ments exist to measure the ability to experience emotions and to feel with another (empathy).

In conclusion, we state that 1) people with bvYOD often present with problems in social cognition and social behaviour,
2) impairments in different aspects of social cognition (emotion recognition, ToM, emotion experience and empathy) are
related to problematic social behaviour, such as risk-taking behaviour, and 3) to date there is a lack of valid and reli-
able performance-based measures for these aspects of social cognition, in particular empathy and emotion experience,
that are also predictive of such negative social behaviours. Therefore, the main aims of the YOD-RiSoCo study are the
following:

1) Assess sensitivity of new performance-based SC measures (including emotion experience and empathy) ¢ Study 1
2) Assess construct validity of the new performance based SC measures ¢ Study 1

3) Assess the relationship between social cognition and unsafe risk-taking behaviour (measuring ecological validity of
the new SC tests), and investigate if this relationship is generic (by including patients with brain injury affecting fron-
tal networks) or specific (by including patients with non-bvYOD variants, for whom no SC impairments or risk-taking
behaviour are expected) ¢ Study 2

As a result of this study, we hope to introduce new, sensitive neuropsychological instruments which may aid in a more
timely diagnosis of bvYOD and a better identification of social behavioural symptoms in general.

Methods and materials
Study design study 1

Study 1 of the YOD-RiSoCo study is an observational prospective cohort study, that aims to include 64 patients with
bvYOD and 64 healthy controls. Controls will be matched to patients on a group level, so that sex, age, and educational
level distributions do not significantly differ between groups. The recruitment of controls will be adapted to match the
included patients.

Study design study 2

Study 2 of the YOD-RiSoCo study is an observational study that aims to include 20 patients with bvYOD, 20 healthy con-
trols, 20 non-bvYOD patients and 20 patients with brain injury affecting frontal processes. The bvYOD and healthy control
patients will be included from Study 1 (Fig 1).
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Fig 1. Flow-chart study design.
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https://doi.org/10.1371/journal.pone.0324517.9001

Study population

Inclusion and exclusion criteria Study 1. All participants must have sufficient command of the Dutch language
and must be between 18 years and 70 years of age. Patients in the bvYOD group must have a probable diagnosis of
young-onset (start of symptoms before 65 years old) bvFTD according to the current criteria [16], or bvAD according
to current criteria [17,18], or another YOD subtype in which social behavioural changes are prominent, confirmed
after interdisciplinary consensus meeting in which interviews, neuropsychological examination, neurological and
psychiatric assessments, neuro-imaging, blood samples, and in some cases FDG/PIB-PET-scans, CSF biomarkers,
or genetic counselling were discussed. Furthermore, patients must still have the capacity to consent to participate in
the study, and be able to undergo a neuropsychological assessment. Capacity to consent was determined by a Clinical
Neuropsychologist, based on the neuropsychological assessment. This consent procedure is approved by the ethics
committee of the University Medical Center Groningen.

Exclusion criteria for bvYOD are presence of (premorbid) severe neurological or psychiatric pathology (e.g., severe
depression, schizophrenia, substance abuse) non-related to dementia. For healthy controls the exclusion criteria are pres-
ence of serious psychiatric disorders or a history of neurological disorders, which may interfere with cognitive functioning
(e.g., recent concussion, previous subarachnoid or intracerebral haemorrhage, intracranial tumours, epilepsy or ischemic

stroke).

Inclusion and exclusion criteria Study 2. All participants must have sufficient command of the Dutch language,
be between 18 years and 70 years of age, and have any driving experience in the past five years. Non-bvYOD subjects
are required to have a probable diagnosis of young-onset dementia (start of symptoms before 65 years old), other
than a behavioural YOD subtype (such as bvFTD, or bvAD), for example amnestic variant AD (according to McKhann
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criteria[18]), confirmed after interdisciplinary consensus meeting. Inclusion criteria for patients with brain injury are a
brain injury, such as moderate to severe traumatic brain injury, stroke, or a brain tumour, impacting frontal processes.
Furthermore, all patients must still have the capacity to consent to participate in the study and be able to undergo a
neuropsychological assessment. Capacity to consent was determined by a Clinical Neuropsychologist, based on the
neuropsychological assessment. This consent procedure is approved by the ethics committee of the University Medical
Center Groningen

Exclusion criteria for subjects with non-bvYOD or brain injury are presence of (premorbid) severe neurological or psy-
chiatric pathology non-related to dementia or brain injury.

The in- and exclusion criteria described for bvYOD and healthy subjects in Study 1 also apply for bvYOD and healthy
subjects participating in Study 2.

Recruitment. Patients with YOD will be recruited from the memory clinic (Alzheimer’s centre) of the University
Medical Center Groningen (UMCG), memory clinics of local regional hospitals, and other academic memory clinics that
are part of YOD-INCLUDED. Patients with brain injury impacting frontal processes will be recruited from the department
of Neurology, subdepartment Neuropsychology, of the UMCG. Healthy controls will be recruited through convenience
sampling by distributing flyers with information about the study and a call to participate. In addition, patients with YOD
and healthy close others can also be included through the JMD (‘Jonge mensen met dementie en hun naasten’, which
is Dutch for “Young people with dementia and their close others’) study of YOD-INCLUDED. YOD-INCLUDED is a Dutch
national consortium, which the YOD-RiSoCo study is part of, aimed at improving diagnoses and care for patients with
YOD. The JMD study is a national cohort study, for which patients with YOD and their close others can sign themselves
up. Patients with YOD and healthy close others, who take part in the JMD study, will be invited to participate by the
JMD research assistant through e-mail. They can also apply themselves for the module “YOD RiSoCo” in their personal
dashboard of the JMD study, at www.yod-incuded.nl/jongemensenmetdementie.

Study procedures

Patients are provided with written information about the study by their clinician (e.g., geriatrician, neurologist, or (clinical)
neuropsychologist), after diagnosis. This includes information about the study, participation, and an informed consent
form, to read through at home. Two weeks after receiving the information and informed consent, patients are called by the
researcher to make sure patients are fully informed and to create the possibility to ask questions regarding the study. If
patients do not wish to be called, they can inform the investigator. When written informed consent is received, participants
will be contacted by the researcher to schedule an appointment for the assessment. Data from tests that are administered
to patients in a prior neuropsychological assessment will be obtained with the patient’s permission, if the neuropsycholog-
ical assessment took place in the last 6 months (for patients with YOD) or two years (for patients with brain injury). These
tests will then be omitted in the study assessment.

Study 1: Assessment procedure. The assessment consists of several neuropsychological tests and questionnaires,
and a short anamnesis concerning demographic characteristics (Fig 1). Some tasks are pencil-and-paper tasks, other
tasks are computerized. The total duration of the assessment is 2.5 to 3 hours, including a short break.

Study 2: Assessment procedure. Study 2 consists of the same assessments as study one and includes three
additional neuropsychological tasks and a driving simulator task (Fig 1). The total duration of Study 2 is approximately 4.5
hours, including a lunch break.

Data collection Instruments

General information. Demographical characteristics (age, sex, and educational level) and data with regard to the
diagnosis (e.g., imaging, biomarker and genetic data) will be collected to describe the included patient groups and to
account for possible confounding factors.
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Study 1: Assess sensitivity and validity of the new social cognition instruments. To assess if the newly
developed instruments can differentiate between the presence of frontal social cognitive pathology and the absence
of such pathology, and to assess the construct validity of these new instruments, the newly developed instruments, as
well as existing social cognition measures and general cognitive measures, will be administered to participants. See

Table 1.

The Nummenmaa Emotion Experience Test (NEET) is designed to measure bodily experience of emotions, i.e., if
someone is able to experience and identify in which parts of their body, they experience specific emotions. The concept of
the test is derived from research of Lauri Nummenmaa [19] who constructed emotion-specific maps of bodily sensations,
using a topographical self-report method. For the NEET, participants are presented with an empty map of a body, accom-
panied by a specific emotion. The test includes the following eleven emotions: anger, fear, disgust, happiness, sadness,
surprise, love, contempt, pride, shame, and envy. Participants are instructed to take time to evoke this emotion within
themselves, by thinking about a situation in which they have felt this emotion or would possibly feel this emotion. Then,
they must click on the body parts in which they experience that specific emotion, resulting in the appearance of a red
glow in that body part. The map includes the following body parts: 1) head (including face); 2) throat; 3) chest; 4) arms; 5)
hands; 6); abdomen; 7) pelvic area; 8) legs; and 9) feet. Before starting the test, participants are provided with two prac-

tice items for the emotions ‘nervous’ and ‘disappointed’.

Table 1. Assessment instruments Study 1 New SC instruments.

Assessment

Construct

General information

Demographics

Age, sex, educational level

Medical information

Diagnosis, time since diagnosis, dementia type (including genetics), imag-
ing data (MRI, PET).

Driving experience questionnaire — self

Driving experience (e.g., age obtaining driving license, lifelong number of
driven kilometres, driving behaviour)

Driving experience questionnaire — proxy

Proxy-rated driving behaviour

New social cognition measures

Nummenmaa Emotion Experience Test (NEET)

Bodily experience of emotions

Empathy Task of Identifying emotions and Feeling with another (ETIF)

Empathy; identifying emotions and feeling with another

Groningen Theory of Mind Battery

Cognitive and affective Theory of Mind, verbally as well as non-verbally

Existing social cognition measures

Facial Expressions of Emotions — Stimuli and Test (FEEST)

Facial emotion recognition

Social Norms Questionnaire (SNQ-NL)

Compliance with and understanding of social norms

Toronto Alexithymia Scale (TAS-20)

Alexithymia

General cognitive measures

Mini Mental State Examination (MMSE)

Cognitive screener

15 Words Test (15WT)

Verbal memory

Trail Making Test (TMT)

Psychomotor speed, visual attention, and mental flexibility

Digit span Working memory
Symbol Digit Modalities Test (SDMT) Mental speed
Letter fluency Language, phonological fluency, executive control

Verbal fluency

Language, semantic fluency

Dysexecutive Questionnaire (DEX) — self

Dysexecutive syndrome and behavioural changes, self-reported

Dysexecutive Questionnaire (DEX) — proxy

Dysexecutive syndrome and behavioural changes, proxy-reported

https://doi.org/10.1371/journal.pone.0324517.t001
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The Empathy Task of Identifying emotions and Feeling with another (ETIF) is inspired by the Empathic Accuracy
Task paradigm of Zaki and colleagues [20]. To construct the ETIF, eleven male and female Dutch-speaking persons of
different ages were recruited and asked if they would like to participate in the development of a new test for measuring
empathy. Before filming these ‘targets’ were asked to recall a specific autobiographical event, in which they experi-
enced one of the six basic emotions (i.e., happiness, fear, anger, surprise, disgust, or sadness). They were asked to
write a short summary of each event they could recall, and to rate its overall emotional intensity on a 5-point scale,
ranging from 1 (‘did not feel the emotion at all’) to 5 (‘experienced the emotion very strongly’). Only events with a rating
of 4 or 5 were filmed. Before filming, targets were instructed to take their time recalling the situation to reinstate the
affective state they had felt during the event. When talking about the situation in front of the camera, they were not
allowed to make specific references to their affective state (i.e., ‘sad’ or ‘happy’), but they were allowed to describe
their bodily symptoms (‘shaking hands’, ‘lump in my throat’). All targets were filmed from the upper chest upwards, in
front of a white wall, for standardisation purposes. Each clip lasted between 16 seconds and 70 seconds (mean=41.8,
SD=17.2). For each emotion, two clips were selected for the test, one including a woman and one including a man.
During the administration of the ETIF, videos are presented full screen. After watching each video, participants are
asked the following questions: 1) How do you think the person in the videoclip felt during the event? 2) How do you
think the person in the videoclip felt while talking about the event? 3) Which of these emotions fits best to describe
how the person in the videoclip felt while talking? Happy, surprised, fearful, angry, sad, disgusted, or neutral. 4) Does
the videoclip evoke an emotion or a feeling in you? And if the participant answers this question with ‘yes’, it is asked 5)
what emotion or feeling is that? With regards to scoring, only question 3 and question 5 are scored, with one point for a
correct or appropriate answer. The answers to question 3 form the subscale ‘ldentifying another’s emotions’, while the
answers to question 5 form the subscale ‘Feeling with another’. Each subscale has a maximum score of 12, and both
subscales combined form a total Empathy score.

The Groningen ToM battery consists of four parts including items of different already existing tests for measuring
ToM. Of each included test, the six most ‘sensitive’ items were selected, based on which items showed the largest
significant difference between a group of patients, and healthy controls. The first part of the Groningen ToM battery
consists of six items of the Hinting Task [21]. A maximum of twelve points, two points per question, can be obtained
on this part. Two points will be awarded if the participant immediately gives a correct answer, and one point will be
awarded if the participant answers correctly after receiving a hint. No points will be awarded if the participant does
not answer correctly. The second part of the Groningen ToM battery consists of six, slightly adapted, items of the
Faux Pas [22—-24]. The following questions are asked in the Faux Pas test: 1) Did anyone say something they should
not have said or something awkward? If the participant answers with ‘yes’, question 2 and 3 are asked: 2) who said
something they should not have said or something awkward? and 3) why should he/she not have said it or why was it
awkward? Regardless of the answer on question 1, the following two questions are always asked: 4) How do you think
(the person to whom something awkward was said) felt? and 5) How do you think (the person that said the awkward
thing or something he/she should not have said, or a third person) felt? For this part, a maximum of twelve points
can be obtained for correctly identifying whether there is a faux pas and why there is a faux pas, and a maximum of
twelve points can also be obtained for correctly identifying how the persons in the stories feel. The third part of the
battery includes three items of the Story-based Empathy Task (SET) [25] in which the ability to infer other’s inten-
tions (cognitive ToM) is assessed, and three items of the SET in which the ability to infer other’s emotions (affective
ToM) is assessed. Per item, participants are awarded one point for correctly describing how they think the story ends,
and another point for choosing the right ending out of three options. Six points can be awarded for the cognitive ToM
items, and six points can be awarded for the affective ToM items, resulting in a maximum of twelve points for this part.
The last part of the Groningen ToM battery includes six adapted items of the Cartoon test [26]. The adaptations made
to the Cartoon test are the addition of one or two extra questions as a subtle hint, and the use of a different scoring
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model. In the original version people are awarded 0-3 points per item, depending on the elements named in their
answer. In our version, people are awarded two points for an answer that is immediately correct, and one point for an
answer that is correct after the additional question(s) is/are asked. Zero points are awarded when someone is unable
to give a correct answer. Participants can obtain a maximum score of twelve in total, including six points for ToM
items, and six points for non-ToM items.

Study 2: Investigate relationship between social cognition and risk-taking behaviour (ecological
validity). To investigate the relationship between social cognition and risk-taking behaviour, new and existing
social cognitive measures will be administered to participants. Furthermore, risk-taking behaviour will be assessed
with the Action Selection Task (AST) from the Institute of Road Safety Research (SWOQOV), the newly developed
Risk-Taking Survey, and the newly developed Risk-taking in Traffic Task (RiTT), see Table 2. To account for the
influence of other cognitive aspects, all general cognitive measures from Study 1 will also be administered in
Study 2.

The Risk-taking survey measures the degree to which a person can accurately identify situations that contain a possi-
ble risk for themselves or for another person. It consists of 30 Yes-No questions to be completed by the participant after
a standardized instruction by the examiner. The instruction is as follows: “Here you are provided with a list of behaviour of
people. Is it in your opinion dangerous or risky to do these things? Please check yes or no. With regard to risky, think of
something that has a considerable chance to have adverse consequences, immediately, or in the longer term, and what
you, therefore, should better not do.” Examples of questions are “Is it risky or dangerous to sit in the backseat of a car,
without your seat belt fastened?” (Yes), or “Is it risky or dangerous to eat a pastry with whipped cream on a birthday, in the
presence of young children?” (No).

With the RiTT, risk-taking behaviour in traffic situations will be measured in a driving simulator, that is positioned on
a moving platform. The simulator operates in automatic gearbox mode. First, the participant will complete two practice
scenarios. The first practice scenario focuses on learning how to accelerate and how to manage the steering wheel. The
scenario takes place in a rural environment, on a winding road. The second practice scenario is focused on learning how
to adapt driving speed, and learning how to break, while also focusing on traffic and traffic rules. This again takes place in
a rural environment, but now the participant will encounter cross-roads, for which different priority rules apply. If needed,
one or both practice scenarios can be repeated. After the practice scenarios, the risk-taking scenario will be completed. In
this scenario, the participant is driving through rural, but also urban, environments. As an instruction, the participant has
been told that they are late for an appointment, and that they must get to their appointment as soon as possible. They are
also told that they still must comply with traffic rules and that they should drive as they would drive in real life. During the
route that the participant must drive, different situations occur in which there is a possible risk for the participant him-/her-
self, for others or for both self and others. There are also situations that are comparable to the risk situations, but do not
include a risk.

Table 2. Assessment instruments Study 2 Association SC and risk-taking behaviour.

Assessment Construct

Study 2 also includes all assessments that are conducted in Study 1

Risk-taking in Traffic Task (RiTT) (new) Risk-taking behaviour in a driving simulator task
Risk-taking survey (RTS) (new) Risk-taking behaviour in daily life

Action Selection Task (AST) Risk-taking behaviour in static traffic situations
Mirror Test Mimicry

https://doi.org/10.1371/journal.pone.0324517.t002
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Data management

The data are stored in an electronic case report form (eCRF), using REDCap. Metadata are stored in the eCRF as well.
Study monitoring is performed by in-house study monitors from the UMCG. Depending on the type of data and associated
privacy regulations, data from the YOD-RiSoCo study will be made publicly available or will become available via the cor-
responding author, upon reasonable request.

Statistical analysis

The analyses will be conducted in Statistical Package for the Social Sciences (SPSS). Assumptions for the intended
analyses will be checked. Parametric tests will be used for normally distributed data, otherwise a non-parametric alterna-
tive will be used. For all analyses, the alpha will be set at 0.05, and analyses will be two-sided. In case of multiple com-
parisons, Bonferroni-Holm correction, or another appropriate correction, will be applied. Demographic variables will be
analysed on a descriptive level (mean, standard deviation, frequency, percentage). To ensure matched groups of patients
and controls, comparisons will be made on demographic variables with t-test (or non-parametric tests such as chi-square
or Mann-Whitney U tests). Potential confounders will be included as covariates.

Study 1 New SC instruments. Independent samples t-tests (or a non-parametric alternative, such as chi-square or
Mann-Whitney U tests) will be performed to assess if the newly developed tasks can differentiate patients with bvYOD
from healthy controls, based on social cognition, on a group level.

Construct validity of the newly developed measures will be assessed with parametric (such as Pearson’s correlation),
or if more appropriate, non-parametric (such as Spearman’s) correlation analyses between the newly developed SC
instruments, and existing SC instruments and other cognitive tests, respectively. It is expected that the new SC tests are
significantly correlated to existing SC tests, indicating that the tests fall within the SC domain (convergent validity). How-
ever, no high correlation is expected, as the new tests measure different aspects of SC. No significant correlations are
expected between the new SC tests and other cognitive measures (such as memory and attention), indicating that the
tests measure SC specifically and no other cognitive domains, such as memory and attention (divergent validity).

Study 2 Relationship between social cognition and risk-taking behaviour (ecological validity). The relationship
between SC test performance and actual social behaviour (ecological validity), specifically risk-taking behaviour, will be
investigated by analysing the relationship between the SC tests and the risk-taking measures with parametric or non-
parametric correlation analyses in the different groups (bvYOD, non-bvYQOD, brain injury, healthy controls). A significant
correlation will demonstrate an association between social cognition and risk-taking behaviour and therefore, be indicative
ecological validity. By looking specifically at the association between SC and risk-taking behaviour in patients with
frontal brain injury, it will be assessed whether this relationship is generic for all patient groups with SC impairments.
Furthermore, by assessing this relationship specifically in patients with non-bvYOD, for whom no SC impairments or risk-
taking behaviour are expected, it will be assessed whether this relationship is specific.

Sample size

The aim of the YOD-RiSoCo study is to aid in the diagnosis of YOD by improving measurement of social cognition. There-
fore, the main outcome measure is the difference between bvYOD patients and healthy controls in performance on the
new SC instruments. This way we hope to differentiate pathology in bvYOD from healthy controls and to prove the sensi-
tivity of the instruments for the specific pathology.

The estimated effect size is based on a previous study assessing the sensitivity of a new social cognition task [27]. In
this study, significant differences were found between patients and controls in performance on the SNQ-NL Total score, with
a large effect size (np2=0.23). However, considering that no studies have yet been conducted with the current measure-
ments and in the current population, a moderate effect size of 0.5 (default option) for the power calculation was chosen.
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The power calculation was performed with G*Power 3.1 [28]. For achieving 80% power, with 20% chance for making
a Type Il error and a 5% significance, the estimated sample size per group is 64. If the required number of approximately
128 inclusions is still not achieved within 24 months, the inclusion period will be extended with 6 months. In case of miss-
ing data, we will include additional subjects to reach the target N.

Ethics approval and consent to participate

YOD-RiSoCo will be conducted according to the principles of the Declaration of Helsinki and the national and international
standards of Good Clinical Practice. Potential participants receive detailed written and oral information on the study proce-
dures and all participants will provide written informed consent. Ethical approval of the study protocol was obtained from
the Medical Ethical Committee of the UMCG (2024/395). The YOD-RiSoCo study protocol is registered at clinicaltrials.
gov, with identifier NCT06286293.

Results

Recruitment started from January 2025 and is planned to continue until the end of 2026. The first publications are
expected in early 2027.

Discussion

To the best of our knowledge, the YOD-RiSoCo study will be the first to investigate the relationship between
aspects of social cognition and risk-taking behaviour in a broad sample of patients with bvYOD, non-bvYOD,
patients with brain injury affecting frontal networks, and healthy controls. Furthermore, we hope the study will
lead to new valid instruments for measuring aspects of social cognition for which currently valid instruments are
lacking.

First, the YOD-RiSoCo study will result in new sensitive and valid measures for aspects of SC, such as bodily emotion
experience, and empathy. These measures will hopefully facilitate a better identification and deeper understanding of
social cognitive difficulties in patients with behavioural variants of young-onset dementia. As patients with these bvYOD
subtypes present with changes in social behaviour, related to SC impairments, the new instruments will hopefully lead to
better recognition of these first symptoms, resulting in a timelier diagnosis.

Furthermore, by investigating the relationship between social cognition and risk-taking behaviour, the association
between SC impairments and problematic social behaviour, such as risk-taking behaviour, will be assessed. Identify-
ing risk-taking behaviour is important, as it can have detrimental consequences for patients themselves, but also for
other people that might be unintentionally affected by risk-taking behaviour. If a relationship between SC and risk-taking
behaviour is found in this study, guidelines regarding fitness to drive in patients with bvYOD or brain injury affecting frontal
processes should be reviewed and revised to be more applicable to patients with SC impairments and social behavioural
change.

In conclusion, the results of the YOD-RiSoCo study will contribute to a more comprehensive understanding of
social cognition and risk-taking behaviour in patients with young-onset dementia, which may speed up the diagnostic
process of young-onset dementia, allowing timely provision of appropriate counselling and care for patients and their
close others.

Supporting information
S1 Appendix. List Consortium members. Full list of all YOD-INCLUDED consortium members. CSV S1 List consortium

members YOD-INCLUDED.
(XLSX)
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