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Abstract

Fischer, Anna; Mograbi, Daniel Correa (Advisor). Self-awareness and
emotional processing in Alzheimer’s disease. Rio de Janeiro, 2020. 196p.
Tese de Doutorado — Departamento de Psicologia, Pontificia Universidade

Catolica do Rio de Janeiro.

Lack of awareness of condition, also termed anosognosia, is a common
symptom in Alzheimer’s disease (AD). However, its functional structure and
underlying mechanisms are not fully understood. Level of awareness has great
relevance for treatment success and caregiver burden. Another factor that has
considerable impact on interpersonal relationships and thus on well-being of patients
and caregivers is emotional processing. The current thesis explores these topics
through four articles. In Article #1, structural equation modeling (SEM) was used in a
large sample of people with AD (PwWAD) to investigate the nature of the relationship
between cognitive function, mood state, and functionality in predicting awareness.
Results showed that lower cognitive function and higher level of depressive mood
state negatively influenced PwAD’s ability to perform daily living activities, which in
turn were associated with better awareness. Article #2 investigated executive and
mnemonic origins of anosognosia in AD, with a reaction time task being applied to
examine awareness of task performance. The findings demonstrated that online
monitoring was preserved, while medium- and long-term monitoring were impaired.
This was supported by results from electrophysiological data. The results strengthen
the evidence for a mnemonic rather than executive nature of anosognosia in PWAD in
accordance with the Cognitive Awareness Model (CAM). Article #3 investigated
emotional reactivity to negative, self-relevant, and neutral pictures using ratings of
arousal and valence, facial expression recordings and electrophysiological data.
Emotional reactivity of PwWAD was similar to young adults, but electrophysiological
responses were elevated compared to healthy older adults, which might be explained

by a lack of cognitive control mechanisms. Apathy was associated with reduced
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electrophysiological responses for negative pictures, and awareness of social
impairments was linked to higher arousal ratings of self-relevant pictures. Article #4
discussed how higher emotional abilities are affected by AD, through a review of the
literature on empathy in this clinical group. PWAD showed a pattern of relatively
preserved affective aspects and impairments in cognitive components of empathy,
whereby impairments in affective components can mainly be attributed to a general
cognitive decline. Our findings highlight that different factors influence awareness in
AD, emphasizing the role of neuropsychiatric symptoms (NPS), cognitive
functioning and activities of daily living. Moreover, executive processes seem to be
preserved, whereas impairments in updating and consolidation of this knowledge
seem to be a possible cause for anosognosia in AD. Furthermore, we suggested that
emotional abilities are largely preserved in PwAD. Our results have great significance
for clinical practice. Translational research is needed to implement research findings

into specific therapeutic approaches.

Key words

Dementia; anosognosia; performance monitoring; emotional reactivity; empathy;

neuropsychiatric symptoms; electroencephalography
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Resumo

Fischer, Anna; Mograbi, Daniel Correa. Autoconsciéncia e processamento
emocional na Doenca de Alzheimer. Rio de Janeiro, 2020. 196p. Tese de
Doutorado — Departamento de Psicologia, Pontificia Universidade Catélica do

Rio de Janeiro.

A falta de consciéncia da doenga, também denominada anosognosia, é um
sintoma comum da Doenca de Alzheimer (DA). Sua estrutura funcional e seus
mecanismos subjacentes, contudo, ndo sdo inteiramente compreendidos. O nivel de
consciéncia possui grande relevancia para o sucesso do tratamento e para o fardo do
cuidador. Outro fator de consideravel impacto nas relacGes interpessoais e, portanto,
no bem-estar dos pacientes e cuidadores, € o processamento emocional. A presente
tese explora esses topicos através de quatro artigos. No Artigo #1, utiliza-se a
modelagem de equagdes estruturais (SEM, do inglés structural equation modeling)
em uma grande amostra de pessoas com DA para investigar a natureza da relacéo
entre funcdo cognitiva, estado de humor e funcionalidade na previsdo do nivel de
consciéncia da condicdo. Os resultados demonstraram que uma menor funcionalidade
cognitiva e um maior nivel de estado depressivo de humor influenciaram
negativamente a capacidade dos pacientes de realizar atividades da vida cotidiana, o
que, por sua vez, se mostrou associada a uma maior consciéncia da doenga. O Artigo
#2 investigou as origens executivas e mnemaonicas da anosognosia na DA, utilizando
uma tarefa de tempo de reacdo e medindo a consciéncia a respeito da performance na
tarefa. Os dados demonstraram que o monitoramento ‘online’ dos pacientes estava
preservado, enquanto o monitoramento a medio e longo prazo esteve comprometido.
Tal achado foi corroborado por resultados de dados eletrofisiologicos. Dessa forma,
os resultados fortalecem as evidéncias favordveis a uma natureza mneméonica, e nao
executiva, da anosognosia na DA, o que se mostra de acordo com o Cognitive
Awareness Model (CAM). O Artigo #3 investigou a reatividade emocional a imagens

negativas, auto-relevantes e neutras utilizando medidas de excitacdo e valéncia,
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gravacoes de expressdes faciais e dados eletrofisiologicos. A reatividade emocional
dos pacientes de DA foi similar a de jovens adultos, mas as respostas
eletrofisiologicas foram elevadas quando comparadas as de idosos saudaveis, o que
pode ser explicado por uma falta de mecanismos de controle cognitivo. A apatia
esteve associada a menores respostas eletrofisiologicas a figuras negativas, e a
consciéncia de prejuizos sociais se relacionou com maiores niveis de excitacdo em
imagens auto-relevantes. Por sua vez, o Artigo #4 discutiu como a DA afeta as
habilidades emocionais através de uma revisdo de literatura sobre a empatia desses
pacientes. Os aspectos afetivos da empatia deste grupo clinico estiveram
relativamente preservados, enquanto foram apresentados déficits nos componentes
cognitivos. Os prejuizos relacionados aos componentes afetivos foram principalmente
atribuidos a um declinio cognitivo geral. Nossos achados ressaltam que diferentes
fatores influenciam a consciéncia da doenca na DA, enfatizando o papel de sintomas
neuropsiquiatricos, do funcionamento cognitivo e das atividades da vida diéria. Além
disso, processos executivos pareceram estar preservados, ao passo que dificuldades
em atualizar e consolidar esse conhecimento podem ser uma possivel causa de
anosognosia na DA. Ademais, sugerimos que as habilidades emocionais séo
amplamente preservadas em pacientes de DA. Tais resultados sdo de grande
importancia para a pratica clinica. Pesquisas translacionais sdo necessarias para

implementar os achados de pesquisas em abordagens terapéuticas especificas.

Palavras-chave

Deméncia; anosognosia; monitoramento de performance; reatividade emocional,

empatia; sintomas neuropsiquiatricos; eletroencefalografia
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|. Theoretical background

1. Alzheimer’s disease

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the leading
cause of dementia, with aging being the most significant risk factor (Piaceri,
Nacmias, & Sorbi, 2013). An estimated 46.8 million people worldwide suffer from
dementia, and this number is projected to nearly double every 20 years (Prince et al.,
2015) in the presence of a worldwide population aging phenomenon (United Nations,
Department of Economic and Social Affairs, 2015). Although research has shown
that an accumulation of abnormally folded amyloid B and tau proteins in amyloid
plagues and neuronal tangles is associated to cerebral neurodegeneration in AD, little

is known about the cause of the disease (Scheltens et al., 2016).

AD is characterized by cognitive and non-cognitive symptoms that are related to
cerebral atrophy (Nelson et al., 2012; Scheltens et al., 2016). Clinically, it presents
with a progressive cognitive decline, frequently observed initially as memory
dysfunction associated with atrophy in the hippocampal formation (Nobili et al.,
2017). With progression of the disease people with AD (PwAD) suffer also from
language, visuospatial, and executive dysfunctions, that are related to atrophy in
temporal, parietal and frontal structures, typically sparing cortical motor regions until
late stages of the disease (Pini et al., 2016). Recent research found that affective
factors could be altered even before the appearance of cognitive symptoms
(Fredericks et al., 2018).

Moreover, neuropsychiatric symptoms (NPS) are frequently observed in PwWAD. NPS
are related to caregiver burden and contribute to early institutionalization (Lanctot et
al., 2017). Hereby, apathy has the highest prevalence of approximately 49 %,
followed by depression, aggression, anxiety, and sleep disorders, among others (Zhao
et al., 2016). Apathy, as the most common NPS in AD, is characterized by emotional
indifference, lack of motivation, decreased initiative, and akinesia (Lanct6t et al.,

2017). NPS are best treated with nonpharmacological, individualized interventions,
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such as structured social interaction or personalized music, and alternatively with
antipsychotic medication (Corbett, Smith, Creese, & Ballard, 2012).

In the absence of a cure, pharmacological treatments of AD are principally delaying
disease progression. Thus, supportive caregiving from family members and health
care professionals contributes substantially to the quality of life of PWAD. Hereby it
is crucial that caregivers receive education and training on how to deal with the
progressive nature of the disease, and mobilize resources of patients, while taking

care also of their own well-being (Scheltens et al., 2016).

2. Self-awareness in Alzheimer’s disease

Self-awareness is a crucial component that allows us to optimally function in
everyday life by recognizing our limits and thus choosing activities that are suited to
our abilities (Rosen et al., 2010). In the context of neurological disease, the term
anosognosia is used to describe a lack of awareness, that can range from complete
unawareness of one’s own condition, to milder forms of not recognizing deficits in
specific areas, such as cognitive, motor, or behavioral changes, as well as
impairments in social functioning or everyday life (Mograbi & Morris, 2018).
Anosognosia is a common feature in AD (Morris & Hannesdottir, 2004) with a high
prevalence ranging from above 30 % to above 50 % (Mograbi, Ferri, et al., 2012;
Starkstein, Jorge, Mizrahi, Adrian, & Robinson, 2007).

Anosognosia has been shown to be linked to dementia severity, with declining
cognitive functions being associated to worse awareness (Aalten et al., 2006;
Mograbi, Ferri, et al., 2012; Starkstein, Jorge, Mizrahi, & Robinson, 2006).
Moreover, higher levels of depression are related to better awareness in PWAD
(Aalten et al., 2006; Mograbi & Morris, 2014), as are higher levels of daily living
activities (Dourado, Laks, & Mograbi, 2016; Fischer et al., 2019; Starkstein et al.,
2006). NPS have also been found to be related to awareness (Vogel, Waldorff, &
Waldemar, 2015), especially apathy has been shown to be strongly related to level of

awareness in PWAD (Derouesne et al., 1999; Spalletta, Girardi, Caltagirone, & Orfei,
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2012; Starkstein, Petracca, Chemerinski, & Kremer, 2001). A possible explanation
could be that in apathy, experiences are lacking emotional value, and thus errors and
their consequences could be ignored. Emotional reactions mark instances of failed
task performance with a level of personal significance, and the absence or diminution
of error signals could thus be a leading cause of anosognosia in patients with
neurodegenerative diseases, by preventing them to consider these events when

evaluating their abilities (Rosen, 2011).

Higher levels of unawareness contribute to increased caregiver burden (Verhilsdonk,
Quack, Hoft, Lange-Asschenfeldt, & Supprian, 2013), enhance the risk of treatment
refusal and engagement in high risk situations such as driving (Hurt et al., 2010; Patel
& Prince, 2001; Starkstein et al., 2007), and moreover is associated with earlier
institutionalization (Horning, Melrose, & Sultzer, 2014). Thus, it is essential to
consider unawareness as a symptom in AD, since it can additionally complicate

clinical management and the caregiving process.

Anosognosia is a complex, heterogeneous phenomenon, and the development in the
course of the disease, as well as its neural correlates remain not fully resolved
(Mondragén, Maurits, & De Deyn, 2019). However, several theoretical models have
been suggested to explain its complexity, one of which is the Cognitive Awareness
Model (CAM; Agnew & Morris, 1998; Morris & Hannesdottir, 2004; Morris &
Mograbi, 2013). In the revised CAM (Morris & Mograbi, 2013), monitoring of
performance takes place locally and centrally. Impairments in current ability are
detected by Cognitive Comparator Mechanisms and compared with stored
information. Information about changes in abilities is consolidated and updated
throughout life in the Personal Data Base (PDB), which is supported by material from
the Autobiographical Conceptual Memory System. If a mismatch between current
performance and information stored in the PDB is detected, the Metacognitive
Awareness System releases the information. According to the CAM, this process
provides the basis for the conscious appraisal of our abilities, whereas failure in the
control mechanisms gives rise to an executive form of anosognosia. On the other

side, episodic memory impairments may cause failure in consolidating new
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information about one self’s abilities, leading to an outdated sense of self, and thus

contributing to a mnemonic form of anosognosia (Morris & Mograbi, 2013).

3. Emotional processing in Alzheimer’s disease

Recent decades have witnessed a growth in the scientific study of emotion. Affective
processes are very complex and heterogeneous, and imply, among many others, basic
emotions, such as fear, happiness, or sadness, but also higher order, social emotions,
such as morality and empathy (Armony & Vuilleumier, 2013). How we react to
emotional stimuli and situations, as well as how successful we regulate our emotions
in such situations, has a very important influence on our daily life, interpersonal
relationships, and overall well-being. Hereby, emotion and cognition cannot be
considered as two separate systems; rather they are deeply interwoven (Okon-Singer,
Hendler, Pessoa, & Shackman, 2015).

Experiencing positive emotions plays an important role in healthy, resilient aging.
Research has shown that maintaining a high level of positive affect helps older adults
to cope with age-related losses, and can also be beneficial for PwAD (Zhang, Ho, &
Fung, 2015). On one side, studies found impairments in some aspects of emotional
processing in PwWAD, regarding expression of emotion (Henry, Rendell, Scicluna,
Jackson, & Phillips, 2009) emotion decoding abilities (Klein-Koerkamp, Beaudoin,
Baciu, & Hot, 2012), and recognition of facial expressions (McLellan, Johnston,
Dalrymple-Alford, & Porter, 2008), as well as emotional memory enhancement
(Kensinger, Anderson, Growdon, & Corkin, 2004). On the other side, it has been
demonstrated that while patients did not remember the source of their emotions, their
self-report was accurate and sustained over time (Guzman-Vélez, Feinstein, & Tranel,
2014). Emotion perception deficits of PWAD could be secondary to their cognitive
decline (Kemp, Després, Sellal, & Dufour, 2012). Consistent with this, recent reviews
found that affective aspects of empathy are preserved, while PWAD are impaired in
cognitive aspects of empathy, which is related to overall cognitive deterioration
(Bartochowski, Gatla, Khoury, Al-Dahhak, & Grossberg, 2018; Christidi, Migliaccio,

Santamaria-Garcia, Santangelo, & Trojsi, 2018; Desmarais, Lanctot, Masellis, Black,
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& Herrmann, 2018). Numerous studies reported preserved emotional processing in
PWAD. They seem to be able to regulate their emotions in a more automatic way,
while more controlled, e.g. instructed regulation seems to be impaired (Amieva,
Phillips, Della Sala, & Henry, 2004; Goodkind, Gyurak, McCarthy, Miller, &
Levenson, 2010). Furthermore, PWAD did not differ in emotional reactivity from
healthy older adults, indicated by similar affective ratings (Baran, Cang6z, & Ozel-
Kizil, 2014; Goodkind et al., 2015; Henry et al., 2009) and physiologic responses
(Chen et al., 2017; Mograbi, Brown, & Morris, 2012).

Emotional processing might also be associated with self-awareness in PwAD. Despite
the established link with affective symptoms, such as apathy, and depression (see
above), implicit awareness could be reflected in emotional reactions (Mograbi,
Brown, Salas, & Morris, 2012). Emotional reactivity has great relevance for
maintaining close interpersonal relationships and quality of life in PwAD, and also
affects caregiver burden (Phillips, Scott, Henry, Mowat, & Bell, 2010; Shimokawa et
al., 2001). It is typically measured as the subjective response to presented emotional
stimuli. Hereby, self-report, such as ratings of emotional expressions, valence and
arousal, as well as behavioral measures, such as facial expression recordings, are
often used to evaluate this response. Additionally, emotional reactivity can be
assessed by complementary physiologic methods, such as heart rate and skin

conductance response, electromyography, or electroencephalography.

4. Electroencephalography

Electroencephalography is the most used method to study the temporal unfolding of
mental operations. The electroencephalogram (EEG) is a direct measure of the
electrical brain activity (Woodman, 2010), and its superior temporal resolution allows
for the continuous investigation of the temporal course of mental processes in the
millisecond range. Furthermore, it is a low cost, non-invasive and painless method
(Luck, 2014). The electroencephalographic signal reflects the sum of synchronized
post-synaptic activity from cortical pyramidal cells (Jackson & Bolger, 2014). The

resulting dipoles can be measured at scalp electrodes as the subtraction of the
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electrical potential at the data electrodes and the reference electrode. The signal
constitutes of a mixture of frequencies that represent brain oscillations, as well as
artifacts. After preprocessing the signal, a variety of aspects can be analyzed. In the
present work, the interest was particularly in investigating event-related potentials
(ERPs), which allow for the observation of mental processes related to an event, and
how these unfold over time. ERPs are derived from the electrophysiological signal by
averaging epochs in the time-domain that are time-locked to a specific event. They
are characterized by their polarity, timing, scalp distribution, as well as their

sensitivity to task manipulations (Woodman, 2010).

Apart from providing a continuous and immediate measure of mental processes,
ERPs are also very useful to determine which processes, and which stages of these
processes are influenced by an experimental task manipulation. Moreover, different
components allow for a distinction between multiple related processes, while it is
often not possible to discriminate between them by using only behavioral data. ERP
research is also suited to study implicit processes, as well as mental processes in
people whose behavioral responses are impaired because of sensory, motor or
cognitive deficits (Luck, 2014). In this context, analyzing relevant ERPs in our
studies can provide additional information on awareness and affective processes in
PWAD.


DBD
PUC-Rio - Certificação Digital Nº 1613384/CA


PUC-Rio- CertificagcaoDigital N° 1613384/CA

21

ll. Objectives

In line with the presented theoretical background, the thesis will be composed of two
parts, whereof the first will focus on investigating different aspects of awareness, and

the second on basic and higher order emotional abilities in AD.
The first part consists of two articles with the following objectives:

- To investigate the functional structure of awareness in AD using a statistical

modeling approach;

- To examine executive and mnemonic origins of anosognosia in AD in an

experimental study.
The second part includes two articles aiming at:

- ldentifying impaired and preserved aspects of emotional reactivity in AD using a

multi-method approach;

- Providing a review of the literature about the impact of AD on cognitive and

affective components of empathy.
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Article 1

Fischer, A., Dourado, M. C. N, Laks, J., Landeira-Fernandez, J., Morris, R. G., &
Mograbi, D. C. (2019). Modelling the impact of functionality, cognition, and mood
state on awareness in people with Alzheimer's disease. International
Psychogeriatrics, DOI: 10.1017/S1041610219001467.
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Abstract

To investigate the nature of the relationship between cognitive function, mood state,
and functionality in predicting awareness in a non-clinically depressed sample of
participants with mild to moderate Alzheimer’s disease (AD) in Brazil. People with
AD (PwAD) aged 60 years or older were recruited from an outpatient unit at the
Center of AD of the Federal University of Rio de Janeiro, Brazil. Measures of
awareness of condition (Assessment Scale of the Psychosocial Impact of the
Diagnosis of Dementia), cognitive function (Mini-Mental State Examination), mood
state (Cornell Scale for Depression in Dementia), and functionality (Pfeffer
Functional Activities Questionnaire) were applied to 264 people with mild to
moderate AD and their caregivers. Hypotheses were tested statistically using SEM
approach. Three competing models were compared. The first model, in which the
influence of mood state and cognitive function on awareness was mediated by
functionality, showed a very good fit to the data and a medium effect size. The
competing models, in which the mediating variables were mood state and cognitive
function, respectively, only showed poor model fit. Our model supports the notion
that the relationship between different factors and awareness in AD is mediated by
functionality and not by depressive mood state or cognitive level. The proposed direct
and indirect effects on awareness are discussed, as well as the missing direct
influence of mood state on awareness. The understanding of awareness in dementia is
crucial and our model gives one possible explanation of its underlying structure in
AD.

Key words

Awareness; anosognosia; dementia; functionality; depression
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Introduction

Loss of awareness is a frequent symptom of Alzheimer’s disease (AD), with patients
not acknowledging reduced cognitive abilities, functional capacity, and consequences
of their condition (Mograbi et al., 2012; Mograbi & Morris, 2018; Morris &
Hannesdottir, 2004). This can complicate the caregiving process, with reduced
awareness being associated with diminished treatment compliance (Patel & Prince,
2001), increased burden for caregivers (Verhilsdonk, Quack, HO6ft, Lange-
Asschenfeldt, & Supprian, 2013), greater exposure to dangerous behaviors (by doing
activities beyond current ability, such as driving) (Starkstein et al., 2007), and earlier
institutionalization (Horning, Melrose, & Sultzer, 2014). Studies investigating loss of
awareness in large samples, indicated a high prevalence, overall above 30%, and
above 50% in moderate stages of the disease (Mograbi et al., 2012; Starkstein et al.,
2007; Starkstein et al., 2006).

Although the contribution of specific cognitive abilities to awareness, such as
memory and executive functions, has been highlighted in theoretical models (Morris
& Mograbi, 2013; Rosen, 2011), the association with dementia severity and general
cognitive level has been inconsistent (Ecklund-Johnson & Torres, 2005;
Sunderaraman & Cosentino, 2017), with some studies finding a significant
relationship (Lopez, Becker, Somsak, Dew, & DeKosky, 1994; Vasterling, Seltzer,
Foss, & Vanderbrook, 1995; Wilson et al., 2015), but others not (Clare, Nelis,
Martyr, Whitaker, et al., 2012; Michon, Deweer, Pillon, Agid, & Dubois, 1994; Reed,
Jagust, & Coulter, 1993). This may be due to extraneous factors, such as psychosocial
variables, exerting an important influence on the expression and therefore
measurement of awareness (Clare, Nelis, Martyr, Roberts, et al., 2012). Nevertheless,
more robust evidence from longitudinal studies or large scale studies (Aalten et al.,
2006; Mograbi et al., 2012; Starkstein et al., 2006) have found a relationship with
dementia severity, with more preserved cognitive functioning related to better

awareness.

Another important aspect that can be strongly associated with awareness is mood

state. Higher levels of depression are associated with higher levels of awareness in
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people with dementia (PwD) (Aalten et al., 2006; Mograbi & Morris, 2014). This
finding has been reported by many studies, although studies exist which have not
found such a link (Arkin & Mahendra, 2001; Cummings, Ross, Absher, Gornbein, &
Hadjiaghai, 1995). A review by Aalten et al. (2005) indicated that higher awareness
in PwD may be only related to subsyndromal depression, rather than to severe
depressive mood states. In summary, whilst mood state seems to be related to
awareness in PwD, the characteristics of this relationship (Aalten et al., 2005), as well

as the direction of causality, are yet unclear (Mograbi et al., 2012).

Activities of daily living (ADL) have also been shown to be correlated with
unawareness in dementia. Dourado et al. (2016) found that functional level predicts
unawareness in late onset AD but not in early onset AD. In line with the viewpoint of
Starkstein et al. (2006), the authors conclude that people with early onset AD are
more likely to become aware of their deficits, since their routines are still complex
and they still have demanding activities, such as working or parenting. Another study
investigating awareness across domains showed that unawareness of functional
activity deficits was the domain with the biggest difference in discrepancy scores
using the Assessment Scale of Psychosocial Impact of the Diagnosis of Dementia
(ASPIDD; see method section) between people with AD (PwAD) and caregivers
(Lacerda, Santos, Neto, & Dourado, 2017). It is possible that impairments in ADL
prevent people from engaging in activities, which would prompt them about their
deficits. Conversely, unawareness may lead to unrealistic expectations about
functional ability. Accurate self-awareness is essential to choose activities according
to our abilities and limitations and thus it plays a key role for optimal everyday
functioning (Rosen et al., 2010).

Considering the above, although previous evidence has indicated that variables such
as cognitive level, mood state and ADL may affect awareness in AD, it is still not
clear how these factors interact and if their effects on awareness are direct or indirect.
The study was carried out in Brazil, where the number of PwD is growing, but
research in this field is still limited. The current paper explores the relationship

between mood state, cognitive level, functional abilities and awareness using
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structural equation modelling (SEM). A large sample of PwAD facilitated this

multivariate approach in which key variables were considered together.

Methods

Sample

A consecutive series of 264 PWAD and their family caregivers were recruited from an
outpatient unit at the Center of AD at the Institute of Psychiatry at the Federal
University of Rio de Janeiro, Brazil. AD was diagnosed by a psychiatrist based on
clinical presentation and cranial CT or MRI scans. Participants were diagnosed with
probable AD according to DSM-IV-TR (APA, 2000). The study included people with
mild to moderate AD, defined according to the Clinical Dementia Rating Scale
(CDR; Maia et al., 2006) and the Mini-Mental State Examination (MMSE; Bertolucci
et al., 1994; Folstein et al., 1975). Exclusion criteria were psychiatric or neurological
disorders diagnosed according to the DSM IV-TR criteria, such as alcohol abuse,
aphasia, head trauma, epilepsy, and depression. Nevertheless, subsyndromal
depressive mood states were present in part of the sample and PwAD varied in mood

state.

The primary family caregiver was defined as the individual who was most
responsible for the care of the person with AD. Each caregiver resided in the same
household as the person with AD and was able to provide detailed information about
the person’s life history, cognitive function and ADL. All caregivers had previously
been informed about their relatives’ diagnosis by a psychiatrist. The study was
approved by the Ethics Committee of the Institute of Psychiatry at the Federal
University of Rio de Janeiro. Informed consent was obtained directly from PwAD

and their caregivers prior to the interviews.

Instruments

Awareness of Condition was assessed with the ASPIDD. The scale includes 30 items

and is based on self- and caregiver reports. It was designed to evaluate awareness of
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condition through the scoring of discrepant responses across different domains:
awareness of cognitive functioning, health condition, instrumental and basic activities
of daily living, emotional state, and social functioning and relationships. The
caregiver answers the same questions as the person with AD. The score results from
the discrepancy between the response of the person with AD and his or her caregiver,

with one point being scored for each discrepant response (Dourado et al., 2014).

Cognitive function was tested using the MMSE as a screening tool for global
cognition. It assesses orientation, registration, short-term memory, language use,
comprehension, and basic motor skills. The total score ranges from 0 to 30, with
lower scores indicating more impaired cognition (Bertolucci et al., 1994; Folstein et
al., 1975).

The Pfeffer Functional Activities Questionnaire (PFAQ) is a caregiver-reported
inventory that evaluates basic and instrumental ADL and was used to evaluate
functionality in PwAD. The ratings for each item range from normal (0) to dependent
(3), with a total score of 30. Higher scores indicate worse functional status (Pfeffer,
Kurosaki, Harrah, Chance, & Filos, 1982).

To evaluate the mood state of PWAD, the Cornell Scale for Depression in Dementia
(CSDD) was used. The scale is rated by a clinician and assesses mood symptoms,
physical symptoms, circadian functions, and behavioral symptoms related to
depression. Each item is rated for severity from absent (0) to severe (2). Scores above
13 indicate the presence of depression (Alexopoulos, Abrams, Young, & Shamoian,
1988; Portugal et al., 2012).

Each person in the patient-caregiver dyad was interviewed separately by a clinician,
whereby PWAD completed ratings of awareness of disease (ASPIDD) and cognitive
function (MMSE) and caregivers completed all demographic measurements, as well
as informant ratings of functionality (PFAQ), mood state (CSDD), and awareness
(ASPIDD). To interview the PWAD, the questionnaire materials were read aloud and

shown simultaneously in large typeface.
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SEM models and statistical analysis

Based on substantive theoretical considerations and the information from the
correlation matrix of our data, we hypothesized three competing models. Our first
model is based on the assumption that impairments in functionality could lead to
higher unawareness by preventing PWAD from engaging in ADL (Dourado et al.,
2016; Mograbi & Morris, 2014; Starkstein et al., 2006). Furthermore, there is
evidence that ADL are affected negatively by depressed mood state in PwD (Baune et
al., 2010; Mograbi & Morris, 2014) as well as by decreases in cognitive function
(Mograbi et al., 2017). Accordingly, in the first model functionality would mediate
the relationship between cognitive function, mood state and awareness of condition.
Nevertheless, there is considerable evidence suggesting an association between mood
state and unawareness (for a review, Mograbi & Morris, 2014) across different
clinical populations (David, 2004), so it is possible that mood state has a direct
relationship with unawareness and mediates the relationship of the latter with
functionality and cognitive status (Model I1). A final alternative hypothesis is that
cognitive impairment is directly linked to unawareness (Mograbi et al., 2012;
Starkstein et al., 2006), mediating the relationship between the latter, functionality
and mood state (Model I11). A graphic description of the three tested models can be

seen in Figure 1.

PLEASE INSERT FIGURE 1 HERE.

To test our theoretical models and thus to understand better the relationships between
the variables, SEM was used to explore possible causal relationships between
observed independent (predictors) and dependent variables (outcomes) in our sample.
Data preparation, data cleaning and descriptive statistics were conducted using IBM
SPSS version 21. SEM was conducted using IBM AMOS version 24. The estimates
were calculated using maximum likelihood estimation. The confidence intervals (CI)
for the effects were calculated using bootstrapping. Considering our variables, models

and type of analysis, the sample size was adequate for the intended analysis (SEM),
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fulfilling the recommendations of MacCallum and Austin (2000) of N > 200, as well

as the recommended sample-size-to-parameters ratio 20:1 (Jackson, 2003).

The goodness of fit indices were Chi-Square (y?), relative %2, standardized root mean
square residual (SRMR), root mean square error of approximation (RMSEA), and the
comparative fit index (CFI). The x? value evaluates the magnitude of discrepancy
between the sample and the fitted covariance matrices (Hu & Bentler, 1999). A good
model fit would provide an insignificant result (Barrett, 2007). The relative x? (x?/df;
Wheaton et al., 1977) is not sensitive to sample size and therefore reported here. A
good model fit is represented by a value smaller than 2.0 (Tabachnick & Fidell,
2007). The SRMR is the standardized square root of the difference between the
residuals of the sample covariance matrix and the hypothesized covariance model. A
value less than 0.05 indicates a well-fitting model (Byrne, 1998). The RMSEA is a
measure of how well the model would fit the covariance matrix of the population
(Byrne, 1998) and favors parsimony. A cut-off value close to 0.06 provides a very
good fit (Hu & Bentler, 1999). The CFI belongs to the incremental fit indices, which
compare the y?-value to a baseline model (McDonald & Ho, 2002). A value greater
than 0.95 indicates a good fit (Hu & Bentler, 1999).

Results

Only data of participants who completed all the relevant questionnaires were included
in the data set. Analyses for outliers were conducted based on the single variables
involved and on the multivariate level. Cases, which differed three standard
deviations (SD) or more from the mean were removed from the data set. Furthermore,
multivariate outliers were analyzed using Mahalanobi’s distance. Cases with a
probability smaller than .001 were removed. The resulting data set contained 257 of
the 264 original cases, with data of 257 PWAD (66% female) and 257 caregivers
(72% female) included in the following analyses. Analyses for normality and
multivariate normality showed no severe deviations, so that maximum likelihood

method could be used to calculate the estimates. The data set was furthermore
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checked for linearity of the relations between the variables and multicollinearity of

the predicting variables, revealing linear relationships and no multicollinearity.

Sample characteristics

Table 1 shows the characteristics of PWwAD and caregivers, as well as the descriptive
statistics for all variables included in the models. The correlation matrix (Pearson

correlations) is shown in Table 2.

PLEASE INSERT TABLE 1 HERE.

PLEASE INSERT TABLE 2 HERE.

Structural equation modelling

The analyses were based on four manifest variables, i.e. MMSE, PFAQ, CSDD,
ASPIDD (see Table 1). Figure 2 shows the models with standardized coefficient
estimates and p-values; goodness of fit statistics can be found in Table 3. The fit
indices for the first model (Figure 2a) provided a very good fit to the data [x? = 2.0, p
= 368; ¥?/df = 1.0; SRMR = 0.02; RMSEA < 0.01; CFI = 1.00], whereas the fit
indices for the second model (Figure 2b; [y? = 43.53, p < .001; x?/df = 21.77; SRMR
= 0.14; RMSEA = 0.29; CFI = 0.62]) and the third model (Figure 2c; [x? = 30.69, p <
.001; y?/df = 15.35; SRMR = 0.09; RMSEA = 0.24; CFI = 0.74]) suggested a poor
model fit (see Table 3).

As shown in Table 3, the fit for the first model was very good and both the direct path
coefficient from PFAQ to ASPIDD [B = 0.39, p < .001] as well as the mediated
coefficients from CSDD to PFAQ [B = 0.19, p <.001] and from MMSE to PFAQ [f
= -0.41, p < .001] were significant, as well as the correlation between MMSE and
CSDD [r = -0.14, p < .05; Figure 2a]. Thus, total effects on awareness of condition
were B = 0.39 [95% CI = 0.29 — 0.48] for functionality, p = 0.08 [95% CI = 0.03 —
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0.12] for mood state, and = -0.16 [95% CI = -0.22 — -0.10] for cognitive function.
Cohen’s f2 was 0.19 for the first model and thus constitutes a medium effect (Cohen,
1988). In the second and third model, respectively, the measures for mood state
(CSDD) and functionality (PFAQ), as well as for cognitive function (MMSE) and
functionality (PFAQ) were exchanged to test which variable is best suited to mediate
the relationship (Figure 2b and c). The better fit statistics gave support for the first

model.

PLEASE INSERT FIGURE 2 HERE.

PLEASE INSERT TABLE 3 HERE.

Secondary analyses
Relationship between awareness and functionality

To test further our hypotheses, additional analyses were conducted. This included
exchanging the position of PFAQ and ASPIDD in model one. In the resulting fourth
path model, the ASPIDD mediated the relationship between CSDD and MMSE with
the PFAQ. This model did not fit the data [y?> = 53.16, p < .001; ¢?/df = 26.58; SRMR
= 0.13; RMSEA = 0.32; CFI = 0.53]. Path coefficients were § = 0.39 [p < .001] for
ASPIDD to PFAQ, p=0.2 [p = .743] for CSDD to ASPIDD, B = -0.22 [p < .001] for
MMSE to ASPIDD, and r = -0.14 [p < .05] for the correlation between CSDD and
MMSE.

Dementia Severity

To investigate the influence of dementia severity in the relationship between
variables, the sample was split into mild and moderate AD using the CDR score (mild
AD CDR =1, N = 136; moderate AD CDR = 2, N = 121). Each model was then
tested in both subsamples. For mild AD, the first model (see Figure 1) still had a very
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good model fit [x2 = 0.54, p = .762; y2/df = 0.27; SRMR = 0.02; RMSEA < 0.01 with
90% CI =0.00 — 0.12; CFI = 1.00] and a medium effect size [Cohen’s 2= 0.31]. Path
coefficients were B = 0.48 [p <.001] for PFAQ to ASPIDD, B = 0.15 [p = .079] for
CSDD to PFAQ, B = -0.27 [p < .001] for MMSE to PFAQ, and r = -0.23 [p < .01] for
the correlation between CSDD and MMSE. Total effects on awareness of condition
were § = 0.48 [95% CI = 0.33 — 0.61] for functionality, p = 0.07 [95% CI = -0.003 —
0.17] for mood state, and = -0.13 [95% CI = -0.23 — -0.05] for cognitive function.
Consistent with results for the whole sample, the second [x? = 33.36, p < .001; y?/df =
16.68; SRMR = 0.15; RMSEA = 0.34; CFI = 0.41], third [x? = 34.18, p < .001; y?/df
=17.09; SRMR = 0.15; RMSEA = 0.35; CFI = 0.40] (see Figure 1), and fourth model
[x* = 12.73, p < .01; x?/df = 6.37; SRMR = 0.09; RMSEA < 0.20; CFI = 0.80]

presented a poor model fit for the mild AD group.

Regarding the moderate AD group, the first model fit the data [x%> = 1.68, p = .432;
v?/df = 0.84; SRMR = 0.03; RMSEA < 0.01 with 90% CI = 0.00 — 0.17; CFI = 1.00],
whereas all but one path coefficient did not reach significance [ = 0.14, p = .122 for
PFAQ to ASPIDD; B = 0.31, p < .001 for CSDD to PFAQ; p = -0.02, p = .845 for
MMSE to PFAQ; r = -0.09, p = .320 for MMSE-CSDD]. Model two [¥?> = 3.54, p =
171; y?/df = 1.77; SRMR = 0.05; RMSEA = 0.08; CFI = 0.87] and three [y? = 4.01, p
= .134; y?/df = 2.01; SRMR = 0.05; RMSEA = 0.09; CFl = 0.82] showed an
acceptable fit to the data, but again only the relationship between CSDD and PFAQ
was significant in both models [Model two: B = 0.31, p < .001 for PFAQ to CSDD,;
Model three: r = 0.31, p < .001 for PFAQ-CSDD]. Reflecting the preceding results,
model four showed a poor model fit [x?> = 13.4, p < .001; ¥?/df = 6.7; SRMR = 0.10;
RMSEA = 0.20; CFI = 0.00].

Discussion

The present study investigated the underlying structure of the relationship between
cognitive level, mood state, ADL and awareness of condition in a sample of PWAD in
a developing country using SEM. We tested three competing models in 257 PWAD.

Results indicated the best fit for the first model, in which ADL have a direct, positive
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effect on awareness, and mediate the relationship between cognitive level and mood
state with awareness, both of which having only indirect effects on awareness of
disease (see Figure 2a). A second step in the analysis revealed that the goodness of
model fit, path coefficients, as well as effect size increased when the model was
applied only to the mild AD group. On the contrary, for the moderate AD subsample
results were less promising. This pattern suggests that the underlying structure of

awareness in AD varies with progression of the disease.

To describe the relationship between ADL and awareness there are two possible
hypotheses. First, impairments in ADL could prevent PWAD from engaging in
activities, and thus they do not become aware of the dementia-introduced changes of
functional level (Mograbi & Morris, 2014). Second, unawareness may lead to
unrealistic expectations about functional ability and would prevent PwWAD from the
integration of the “new” functional level (Mograbi, Brown, & Morris, 2009). Our
model supports the first hypothesis, in which a reduced level of ADL leads to reduced
awareness. Moreover, exchanging the position of awareness and functionality in an
additional model led to a poor model fit, which suggests that the level of awareness is
influenced by the level of functionality, and not the contrary. This is in line with the
findings of Dourado et al. (2016) as well as Starkstein et al. (2006) who also assume
that a loss of functional ability leads to reduced awareness. However, awareness is a
complex and multifactorial construct and most likely the underlying structure of the
relationship between awareness and ADL cannot be described simply as a
unidirectional influence. It is likely that other variables also affect the relationship.
Apathy, for instance, leads to a loss of goal directed activity and thus reduces the
activity level, which in turn may lead to unawareness (Mograbi & Morris, 2014).
Moreover, it has been linked to awareness in AD (Derouesne et al., 1999; Spalletta,
Girardi, Caltagirone, & Orfei, 2012; Starkstein, Petracca, Chemerinski, & Kremer,
2001). The engagement in activities exposes PWAD to their limits and deficits. If
apathy prevents people from engaging in activities, then it would be difficult to know
their actual abilities and limits. Future studies exploring specifically the role of

apathy are needed to test this hypothesis.
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General cognition or dementia severity level is typically poorly linked to awareness,
with PWAD at the same severity level showing wide variations in the expression of
awareness (Reed et al., 1993). Our model suggests an indirect influence of cognitive
level on awareness. Preserved cognition is associated with better daily life
functioning, which in turn is related to better awareness. Early studies that found an
influence from general cognition or dementia severity to awareness investigated
specifically loss of awareness for cognitive deficits (Lopez et al., 1994) or found that
the relationship follows a trilinear instead of a linear pattern (Zanetti et al., 1999).
Considering that there is no consensus in the literature about the nature of a possible
relationship between awareness and general cognitive function or dementia severity
in PWAD, our model proposes a compromise in which that influence is mediated by
ADL. This is in line with Mograbi et al. (2017), who state that in ADLs with a higher
cognitive demand even subtle changes in cognitive performance can lead to
impairments. Whereas the PFAQ measures basic and instrumental ADL, the MMSE
evaluates basic cognitive performance. In our sample the highest correlation was
found between cognitive function (MMSE scores) and functionality (PFAQ scores).
Therefore, MMSE and PFAQ share variance related to basic ADL. Based on our
results, it can be suggested that instrumental ADL, measured with the PFAQ, have a
direct influence on awareness, while basic cognitive functions, measured with the
MMSE, only have an indirect influence on awareness via functionality. Future studies
should take into account the difference of basic, instrumental and advanced ADLs in

predicting awareness in dementia.

Another factor that influences levels of awareness in PWAD is mood disorder (Aalten
et al., 2005; Bertrand et al., 2016; Mograbi & Morris, 2014; Starkstein, 2014).
Although many studies confirmed this relationship, some studies did not find a
relationship between awareness and mood or depression (Arkin & Mahendra, 2001;
Cummings et al., 1995; Derouesne et al., 1999; Dourado et al., 2016; Lopez et al.,
1994; Michon et al., 1994; Ott et al., 1996; Reed et al., 1993; Starkstein, 1995;
Verhey et al., 1993; Zanetti et al., 1999). Our model does not support a direct
relationship between mood state and awareness. One explanation could be that the

majority of the PWAD in our sample showed no depressive mood states, with a
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diagnosis of depression being an exclusion criterion, and a relatively low mean score
of 5.4 (SD = 4.0) points on the CSDD. On the other hand, our model does suggest an
indirect influence of mood state on awareness which is mediated by ADL. More
specifically, higher levels of depressed mood state led to decreased functionality,
which was associated with lower levels of awareness. Mograbi et al. (2017) also
found depression associated with decreased ADL, although this influence was smaller
compared to the influence of dementia on ADL and restricted to advanced ADL.
Interestingly, the study by Dourado et al. (2016) did find that functional status
predicts awareness in late onset AD, but also failed to show a direct relationship
between depression and awareness, which is in line with our findings. Although the
authors did not explicitly exclude PwAD with a depression diagnosis, the level of
depression for late onset AD, measured also with the CSDD, was lower than in our
sample (M = 4.0, SD = 3.2). Depressed mood state is typically associated with
changes in behavioral activities, which affect daily cognitive functioning additionally
to the effects of dementia (Mograbi & Morris, 2014).

Furthermore, mood state is a multidimensional phenomenon, comprising
psychological as well as somatic and behavioral symptoms. Thus, the relationship
with awareness could be mediated by the specific factors involved (Mograbi &
Morris, 2014). Troisi et al. (1996) suggested that only the psychological symptoms of
depression, like mood or anxiety, are related to awareness in PWAD, whereas somatic
symptoms, for instance fatigue or slowness, are not related to awareness. This is in
agreement with Cines et al. (2015), who suggest that studies which found a positive
relationship between depressive mood state and awareness focused on the
psychological and affective factors of depression, instead of somatic symptoms such
as changes in sleep or appetite. The measure used to evaluate depressive mood state
in this study was the total score of the CSDD, including not only mood symptoms,
but also physical and behavioral symptoms of depression. Thus, a different measure,
which focuses more on the psychological and affective symptoms of depression, may
yield a direct influence on awareness, in addition to the indirect influence that is
mediated by ADL. Similarly, the results of a study by Starkstein et al. (1996)

indicated that only awareness of cognitive impairments is associated with depression,
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whereas awareness of behavioral difficulties was not related to depression, which
illustrates that awareness also is a multidimensional construct, that can be assessed
for different domains (e.g. awareness of cognitive deficits, behavioral problems,
functionality level; Aalten et al., 2005). Each domain may have unique and shared

relationships with other constructs like mood state, functionality or cognitive level.

Lack of awareness in different types of dementia has been explored in the last
decades, with increasing evidence for this phenomenon. Nevertheless, changes in
awareness in the course of dementia, as well as its neural correlates, remain not fully
resolved (Mondragén, Maurits, & De Deyn, 2019). Furthermore, large scale or
longitudinal studies are still scarce in the field. Recent studies, using a large sample
of PwD, only included a few PwAD, and focused on awareness of memory deficits,
and how it varies between dementia forms (Lehrner et al., 2015). A longitudinal study
investigating awareness in mild AD over the course of 36 months found no consistent
association between cognitive decline and awareness, but showed a relationship
between increasing neuropsychiatric symptoms, like for example depression and
apathy, and reduced awareness over time (Vogel, Waldorff, & Waldemar, 2015). The
authors also conclude that awareness is a complex construct, and that its longitudinal
course is only little explored. Thus, it is crucial to define influencing and mediating
variables using statistical approaches that consider the interconnectedness between
involved variables to predict individual trajectories of awareness in PWAD, adjusting
home care and interventions accordingly. To the best of our knowledge, our study is
the first using a modeling approach in a large sample of PwAD and their caregivers to
consider the influence of key variables on awareness together. This way it is an
advance in providing deeper insight into the functional structure of awareness in AD,
and thus aiming at a better understanding of how awareness can be influenced in
PwAD. Current findings on the relationship between awareness, functionality,
cognitive level and mood state may ultimately contribute to improve clinical care and

quality of life for PwAD and their caregivers.

Some limitations of the study must be considered. We did not assess mood constructs
other than depression, like apathy or anxiety. Especially apathy could be interesting

to include in the model, since it has been shown to be strongly related to level of


DBD
PUC-Rio - Certificação Digital Nº 1613384/CA


PUC-Rio- CertificagcaoDigital N° 1613384/CA

38

awareness in PWAD (Derouesne et al., 1999; Spalletta et al., 2012; Starkstein et al.,
2001). Another point is that we only included global measures of awareness without
considering awareness in different domains, such as awareness of memory
performance or awareness of functionality. In future studies it could be interesting to
model the influence of cognitive level, ADLs, and mood state on different domains or
objects of awareness. Indeed, a more complex model, including different domains of
awareness, as well as of ADLs, and further variables, such as apathy and anxiety,
would be desirable to obtain a better understanding of the structure underlying
awareness in dementia. Another point to mention is the influence of self- vs.
caregiver reports. Our study assessed mood state and functionality of PWAD through
caregiver reports. This could have an influence on the relationship of the variables in
the models, with caregiver burden, as well as their mood state, potentially influencing
the perception of mood state and functionality of the person with AD. The influence
of caregiver variables should therefore be controlled in future studies. Finally, the
study was conducted in an outpatient unit from a university hospital, which may have
introduced sampling biases. For instance, participants that did not complete the
session typically preferred to withdraw/not take part in the study due to personal
constraints, such as limited time or difficulties making travel arrangements. Although
there are no data available for them, it is possible these were patients who had slightly
less structured social support or lived further away from the hospital. Future studies

would benefit from community based samples to explore unawareness in dementia.

Our study showed that the relationship between different factors and awareness is
mediated by functionality and not by depressive mood state or cognitive level. In a
population of functionally and cognitively impaired PWAD without a diagnosis of
depression, the model that best fit the data supported an indirect effect of both,
cognitive function and mood state on awareness of condition, mediated by
functionality, which itself showed a moderate relationship with awareness.
Awareness is linked to treatment compliance, caregiver burden, dangerous behaviors
and earlier institutionalization. On the other side, preserved awareness can lead to
depressive mood states. Hence, it is important to know the factors that influence

awareness of changes and difficulties in PwD, so that they can be considered for


DBD
PUC-Rio - Certificação Digital Nº 1613384/CA


PUC-Rio- CertificagcaoDigital N° 1613384/CA

39

diagnosis and for the development of person-centered interventions that improve
awareness without putting patients at higher risk for mood disorders. The proposed
model brings us one step further towards an understanding of the underlying structure
of awareness in PwD. Thus, it can also serve the development of more detailed
models, including for example other mood constructs like apathy and different

domains of awareness, to explain the structure and causality of awareness in PwD.
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Table 1 - Clinical and demographical characteristics
of PWAD and their caregivers (n = 257).

Mean (SD) / Min - Max

PWAD

Aget

Genderf

Time since onset?
Education?
PFAQ

CSDD

ASPIDD

MMSE

Caregivers
Age?
Gender®

Education*

76.5(7.2) /60 - 93
169 (66%) / 88 (34%)
43(2.4)/1-14
7.7(3.6)/0-15

17.0 (8.6)/0 - 30
5.4(4.0)/0-18

7.8 (5.5)/0- 24

19.7 (3.9) /13 - 26

58.8 (14.3) / 18 - 93
184 (72%) / 73 (28%)
11.0 (3.3)/0 - 15

T Female/male; *numbers in years. M = mean; SD = standard
deviation; AD = Alzheimer’s disease; PFAQ = Pfeffer Functional
Activities Questionnaire; CSDD = Cornell Scale for Depression in
Dementia; ASPIDD = Assessment Scale of the Psychosocial Impact
of the Diagnosis of Dementia; MMSE = Mini-Mental State

Examination.
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Table 2 — Correlation matrix.

MMSE PFAQ CSDD ASPIDD

MMSE AR L 14% -23%*
PFAQ 25%* 39%*
CSDD 05

PFAQ = Pfeffer Functional Activities Questionnaire; CSDD = Cornell
Scale for Depression in Dementia; ASPIDD = Assessment Scale of the
Psychosocial Impact of the Diagnosis of Dementia; MMSE = Mini-
Mental State Examination. * p < .05, **p < .01.

Table 3 — Goodness of fit and 2 differences between models.

Model () y/df  SRMR RMSEA  (90% CFlI
Cl)

Model | 2.0 (.368) 10 0.2 0.00 (0.00 - 0.12)  1.00

Model I1 4353 (<.001) 2177 0.14 0.29 (0.22 -0.36)  0.62

Model 111 30.69 (<.001) 1535 0.09 0.24 (0.17 -0.31) 0.74

SRMR = standardized root mean square residual; RMSEA = root mean square error of approximation;
CFI = comparative fit index.
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Figure 1 — Schematic representation of Models I, Il and I11. Top: Model I. The influence of mood state
(CSDD) and cognitive function (MMSE) on awareness of disease (ASPIDD) is mediated by
functionality (PFAQ). Bottom left: Model Il. The variables PFAQ and CSDD are switched (indicated
by the dashed boxes). Here, mood state is the mediating variable. Bottom right: Model IIl. The
variables PFAQ and MMSE are switched (indicated by the dashed boxes). Here, cognitive function is
the mediating variable. CSDD = Cornell Scale for Depression in Dementia; ASPIDD = Assessment
Scale of the Psychosocial Impact of the Diagnosis of Dementia; MMSE = Mini-Mental State
Examination; PFAQ = Pfeffer Functional Activities Questionnaire.
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Figure 2 — Model I, 1l and 111 with standardized coefficient estimates. Top: Model I, the influence of
mood state and cognitive function on awareness is mediated by functionality. Middle: Model I, the
influence of functionality and cognitive function on awareness is mediated by mood state. Bottom:
Model 11, the influence of functionality and mood state on awareness is mediated by cognitive
function. CSDD = Cornell Scale for Depression in Dementia; ASPIDD = Assessment Scale of the
Psychosocial Impact of the Diagnosis of Dementia; MMSE = Mini-Mental State Examination; PFAQ
= Pfeffer Functional Activities Questionnaire. *p < .05, ***p < .001.
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Article 2

Fischer, A., Pariz, C., Lobo, I., Deslandes, A. C., Landeira-Fernandez, J., & Mograbi,
D. C. Preserved online response to feedback but impaired consolidation of

information about performance in Alzheimer’s Disease. (In preparation)
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Abstract

Anosognosia is a frequent symptom in Alzheimer’s disease (AD). It is a
heterogeneous phenomenon, and its causes are not yet fully understood. We aimed at
investigating mnemonic and executive origins of anosognosia in AD, as proposed by
the Cognitive Awareness Model. A reaction time task was used to examine awareness
of task performance in people with AD (PwAD; n = 12), healthy older (n = 16) and
young adults (n = 17). Self-evaluation of task performance after ten, 100, and 500
trials served as measures of online, medium-, and long-term performance monitoring,
respectively. Furthermore, neurophysiological responses to positive and negative
performance feedback were recorded, and two components related to feedback
processing were analyzed: the feedback-related negativity (FRN), and the P300. Our
findings demonstrated that PwAD were impaired in medium- and long-term
performance monitoring, whereas online monitoring was intact. This was supported
by ERP results. The FRN amplitude was sensitive to feedback valence, showing
enhanced amplitudes after negative feedback in all groups. PwAD and healthy older
adults had strongly decreased P300 amplitudes compared to young adults, which
could indicate impairments in attentional and memory processes related to
performance monitoring. Our study points to a critical role of mnemonic rather than
executive factors in the generation of anosognosia in PwAD. Consolidation of
information seems to be a key factor in the generation of anosognosia and should thus

be strengthened in neuropsychological therapy.

Key words

Anosognosia; EEG; FRN; dementia, metacognition
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Introduction

Anosognosia is a term used in the context of neurological disease describing lack of
awareness of having a condition (Mograbi & Morris, 2018). It can range from total
lack of awareness of having a disease to limited knowledge of specific cognitive,
motor or behavioral alterations, as well as impairments in activities of daily living or
interpersonal relationships (Mograbi & Morris, 2018). In dementia it has a high
prevalence (Mograbi, Ferri, et al., 2012; Starkstein, Jorge, Mizrahi, Adrian, &
Robinson, 2007; Starkstein, Jorge, Mizrahi, & Robinson, 2006) and has been
associated with diminished treatment compliance (Patel & Prince, 2001), increased
burden for caregivers (Verhillsdonk, Quack, Hoft, Lange-Asschenfeldt, & Supprian,
2013), greater exposure to dangerous behaviors (Starkstein et al., 2007), and earlier
institutionalization (Horning, Melrose, & Sultzer, 2014). Thus, anosognosia is an
important factor that can additionally complicate clinical management and

caregiving.

To account for the complexity of anosognosia, several theoretical models have been
proposed. The Cognitive Awareness Model (CAM; Agnew & Morris, 1998; Morris
& Hannesdottir, 2004; Morris & Mograbi, 2013) attempts to explain its heterogeneity
based on multi-level cognitive abilities, including monitoring and comparator
mechanisms. The revised CAM (Morris & Mograbi, 2013) suggests that sensory and
motor information about performance is monitored both, locally and centrally.
Central Cognitive Comparator Mechanisms (CCMs) detect alterations in current
abilities and compare these with stored information. The Personal Data Base (PDB)
contains information about the self, which develops and updates throughout life,
being supported by material from the Autobiographical Conceptual Memory System.
If the comparator mechanisms detect a mismatch between information stored in the
PDB and current performance, this information is released via the Metacognitive
Awareness System, thus providing the basis for conscious appraisal of ability (for a

more detailed explanation of the model see (Morris & Mograbi, 2013).

According to the CAM, anosognosia in dementia can be executive or mnemonic in

nature, which relates, respectively, to a principal failure in central CCMs or to a
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primary deficit in updating personal knowledge in the PDB. Regarding the latter, in
people with Alzheimer’s disease (PWAD) this could be due to the characteristic
memory impairments (Mograbi, Brown, & Morris, 2009). EXxisting evidence supports
this notion. For example, some studies could show that online monitoring of PwAD’s
own performance was largely intact, while they did not succeed in maintaining this
realistic evaluation of task performance when asked after a one-hour delay (Stewart,
McGeown, Shanks, & Venneri, 2010), and even after an extended memory training
(Silva, Pinho, Macedo, Souchay, & Moulin, 2017).

Event-related potentials (ERPs) associated to performance monitoring provide a
possibility to investigate underlying alterations in the neurophysiological processes
on a trial by trial basis and could help to better understand mnemonic and executive
anosognosia in Alzheimer’s disease (AD). The feedback related negativity (FRN;
Miltner, Braun, & Coles, 1997) is a negative component that occurs approximately
200 - 300 ms after a feedback stimulus. It is part of a performance monitoring system
and is involved in external feedback processing. Thus, the FRN provides a measure to
investigate performance monitoring using externally provided feedback information,
whereby it can be elicited by purely perceptional tasks (Potts, Martin, Kamp, &
Donchin, 2011). This way it is possible to examine whether PWAD are able to
monitor their performance in a continuous fashion by processing externally provided

information on their performance.

Another component that has been used to study feedback is the P300, which can be
observed following the FRN (Di Gregorio, Ernst, & Steinhauser, 2019; Johnson &
Donchin, 1978; Ludowicy, Czernochowski, Weis, Haese, & Lachmann, 2019; Qiu,
Casey, & Diamond, 2019). It peaks approximately 300 - 600 ms after stimulus onset
in predominantly parietal areas (Sutton, Braren, Zubin, & John, 1965), and could
represent a more controlled, top-down evaluation of the outcome (Nitta et al., 2017).
It is thought to reflect information processing associated with attention and memory
operations, that can be used to modify future behavior (Polich, 2007, 2012). Very few
studies so far investigated components in PwWAD that are related to performance

monitoring. One study investigating feedback-related ERPs found enhanced
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amplitudes after negative and positive feedback in PwWAD in comparison to healthy

age-matched controls, but no difference to young controls (Nitta et al., 2017).

In addition to valence of feedback, other affective factors may play a crucial role in
executive anosognosia. This idea is consistent with findings indicating a relationship
between anosognosia and apathy in neurodegenerative disease (Mograbi & Morris,
2014), with higher levels of apathy being related to poorer awareness in PWAD and
mild cognitive impairment (MCI; Jacus, 2017). In apathy, experiences lack emotional
value, and thus errors and their consequences could be ignored. Emotional reactions
mark instances of failed task performance with a level of personal significance, and
the absence or diminution of error signals could thus be a leading cause of
anosognosia in patients with neurodegenerative diseases, by preventing them to

consider these events when evaluating their abilities (Rosen, 2011).

Considering the above, in the current study a multi-method approach was used to test
assumptions of the CAM about mnemonic and executive anosognosia, as well as the
influence of apathy on performance monitoring. To be able to distinguish between
effects caused by age and AD, performance monitoring was investigated in PwWAD, as
well as in healthy older and young participants, hereby combining self-reports, ERPs,
and questionnaire measures. We hypothesized that PwAD over-estimate their
performance after longer time intervals, with reduced group differences when
evaluating their performance after a short time interval, indicating anosognosia for
task performance. Moreover, we aimed to investigate feedback-related ERPs as a
possibility to better explain changes in performance monitoring in PwAD. Executive
impairments that lead to anosognosia of task performance in PWAD should be related
to differences in the FRN, whereby differences in the P300 component between
groups could indicate deficits in attentional and memory processes related to
performance monitoring. If affective factors play a key role in the generation of
anosognosia in AD, we expect an association between a measure of apathy,
performance monitoring indices and ERPs. To the best of our knowledge, these

questions have not been addressed so far in a single study.
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Methods

Participants

A total of 51 participants were recruited and screened for the study. 14 PwAD were
recruited from an outpatient unit at the Alzheimer’s Disease Centre at the Institute of
Psychiatry at the Federal University of Rio de Janeiro (CDA-IPUB-UFRJ). PWAD
were asked to participate with a caregiver who could act as informant. AD was
diagnosed by a psychiatrist according to the DSM-IV-TR (American Psychiatric
Association, 2000). Therapy and medication of PwWAD was done at the outpatient
unit. A total of 18 healthy older adults were recruited in the vicinity of the
universities and the clinic. A total of 19 young participants were recruited amongst
college students from the Federal University and the Pontifical Catholic University of

Rio de Janeiro.

Exclusion criteria were psychiatric or neurological diseases diagnosed according to
the ICD-10 (World Health Organization, 2004) criteria, e.g. major depressive
disorder and anxiety disorders, excluding also cases with mixed or vascular dementia
in the PwAD group; head trauma with loss of consciousness for more than one hour,
as well as abuse of alcohol or other drugs, except tobacco. Moreover, participants
with uncorrected hearing loss or visual impairment were not included in the study.
All participants must have had a minimum of four years of formal education. The age
range for healthy young volunteers was 18 to 30 years, and a minimum of 60 years
for older adults and PwAD. All participants underwent neuropsychological

assessment, which was carried out by a psychologist (see below).

A screening for depression was conducted to exclude participants exceeding a cut-off
score. Level of depression was measured with the Beck’s Depression Inventory Il
(BDI I1; Beck, Steer, & Brown, 1996; Gomes-Oliveira, Gorenstein, Neto, Andrade, &
Wang, 2012) for young adults. According to the authors, a cut-off score of more than
14 points is indicative of mild depression and was thus used as exclusion criterion.
The Geriatric Depression Scale (GDS; Almeida & Almeida, 1999a; Sheikh &
Yesavage, 1986) was used to screen PwWAD and healthy older participants for

depression. A cut-off score above seven points was used as exclusion criterion
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(Almeida & Almeida, 1999b). Two participants in each group were excluded. The
final sample consisted of 17 young adults, 16 older adults, and twelve PWAD.
Characteristics of participants can be seen in Table 1. All participants provided
written informed consent before the experiment, with caregivers validating consent in
the case of patients. The study was conducted under ethical approval of the ethics
committee of the IPUB-UFRJ (CAAE: 63181816.8.0000.5263).

PLEASE INSERT TABLE 1 HERE.

Instruments
Coghnition

The Addenbrooke's Cognitive Examination Revised (ACE-r; Carvalho & Caramelli,
2007; Mioshi, Dawson, Mitchell, Arnold, & Hodges, 2006) was used to assess
cognitive impairment in PwAD, whereas the Mini-Mental State Examination
(MMSE; Bertolucci, Brucki, Campacci, & Juliano, 1994; Folstein, Folstein, &
McHugh, 1975) was used as a control measure for healthy participants. Since the
MMSE is part of the ACE-r, it was possible to compare the groups on the MMSE
score. The ACE-r measures orientation, attention, memory, verbal fluency, language,
and visuospatial abilities with a maximum score of 100 and a cut-off score of 83
points for the presence of dementia. The MMSE is a screening tool for global
cognition assessing orientation, registration, short-term memory, language use,
comprehension, and basic motor skills. The total score ranges from zero to 30 points,
with lower scores indicating more impaired cognition. We applied education-adjusted
cut-off scores (Bertolucci et al., 1994). Scores below 24 were used as exclusion

criterion for healthy participants.
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Awareness of disease

Awareness of condition was assessed for PWAD using a short version of the
Assessment Scale of Psychosocial Impact of the Diagnosis of Dementia (ASPIDD;
Dourado, Laks, & Mograbi, 2019). The scale includes twelve items to evaluate
awareness in four domains: cognitive functioning and health condition, instrumental
and basic ADLs, affective state, as well as social functioning and relationships. The
scoring is based on discrepant responses of self- and caregiver reports, whereby both
answer the same questions with frequently (four points), sometimes (three points),
rarely (two points), or never (one point). The score is calculated as the sum of
discrepant answers (caregiver minus patient rating), thus positive values indicate

over-estimation.

Apathy

The degree of apathy was evaluated only in PWAD and healthy older adults, using the
Apathy Evaluation Scale (AES; Caeiro, Silva, Ferro, Ribeiro, & Figueira, 2012;
Marin, Biedrzycki, & Firinciogullari, 1991). It has 18 items with answers ranging

3

from “not at all true” (four points) to “very true” (one point) resulting in a score
between 18 and 72 points. Higher scores indicate higher levels of apathy. Apathy was

evaluated as self-report for older adults, and as caregiver report for PWAD.

Procedures

Participants were received in a room at the CDA-IPUB-UFRJ by two experimenters.
Before starting the experimental task (below), all participants signed the informed
consent and answered the demographic questionnaire. After that, participants were
prepared for recording of the electroencephalogram (EEG). In the case of PwWAD,
caregivers answered questionnaires during this period (see below). Once the
experimental task was over, the electrodes were removed. Following a short break,
participants answered the questionnaires, as well as the MMSE or ACE-r,

respectively. All participants received R$ 30 as reimbursement for participation.
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Healthy participants completed all questionnaires by themselves, except the MMSE,
which was carried out by a psychologist. PwWAD completed ratings of awareness
(ASPIDD), level of depression (GDS), and were tested for cognitive functioning
(ACE-r) by a psychologist. Caregivers completed all demographic information, as
well as informant ratings of awareness (ASPIDD), and apathy (AES). If needed, the
experimenter helped PWAD completing the questionnaires by reading the questions

aloud and explaining them.

Performance monitoring task

E-prime 3 professional (Psychology Software Tools) was used to program the task.
Participants were seated approximately 70 cm in front of a 22-inch computer screen
and asked to fixate the middle of the screen. They were instructed to press a button as
soon as they see a moving object appearing from the left side of the screen. The
objects were little cars that moved with a certain velocity. This velocity determined
the difficulty of the trial, the faster the car the more difficult to press the button in

time (see Figure 1).

The task was designed in a way that the difficulty could be manipulated by the
experimenter. The average reaction time (RT) of the participant was evaluated at the
beginning of the task following a practice phase. Thus, during the following test
phase 10 % of the trials were presented with a velocity that was faster than the
average RT of the participant in order to provoke errors. Performance was
continuously monitored, and the RT threshold adjusted if participants performed
above or below expected in three or more out of five trials. If they managed to react
quickly enough, before the car disappeared on the right side of the screen, a positive
feedback followed their response, and in case of failure, negative feedback was
provided. A high-pitched tone was used as positive feedback, whereas a deep tone

was used as a negative feedback sound.

The task was divided in five blocks with 100 trials each, and took 20 to 25 minutes to
complete, allowing time for participants to rest in between blocks. Participants were

asked to evaluate their performance three times during the task by rating in how many
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trials they pressed the button fast enough after the first 100 trials, after the first ten
trials of the forth block, and after 500 trials at the end of the task. The time point for
the estimation of the ten-trial interval was chosen to prevent people from expecting

these questions, and thus from counting their errors.

The EEG of the participants was recorded during the task (see below). After the
experiment was finished, participants were informed about the purpose of the
experiment and offered feedback on the results of their neuropsychological

assessment and questionnaires via e-mail.

PLEASE INSERT FIGURE 1 HERE.

Awareness of performance

Awareness of performance was measured using the self-rated and the actual task
performance in corresponding intervals. The ten-trial estimation served as online
monitoring measure, whereas performance after 100 and 500 trials was interpreted as
medium- and long-term monitoring. Finally, a discrepancy score was calculated using
a quotient to account for the different scales. Hereby, estimated correct trials were
divided by actual correct trials. Thus, a value bigger than one indicates over-
estimation, while a value smaller than one represents under-estimation of

performance.

EEG recording and preprocessing

EEG was recorded with an EMSA BrainNet BNT 36 amplifier from 20 AgCI
electrodes (Fp2, Fpl, F8, F4, Fz, F3, F7, C4, Cz, C3, T8, T7, P8, P4, Pz, P3, P7, O2,
Oz, O1) with electrode Cz as online reference and a sampling rate of 600 Hz. A chin
support was used to limit head movements. The electrodes were attached to a cap

according to the 10/20 system. The signal was filtered online with a low-pass filter of
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70 Hz, a high-pass filter of 0.1 Hz, and a notch filter to remove 60 Hz electrical noise.

All impedances were kept below 5 kQ.

The software EEGLAB (Delorme & Makeig, 2004) and ERPLAB (Lopez-Calderon
& Luck, 2014) were used for preprocessing. The signal was re-referenced to the
average of the left and right mastoids and filtered offline with a low-pass filter. A
period of 200 ms before feedback onset was used for baseline correction. Filters and
baseline corrections were necessary because of a lower signal-to-noise ratio in older
adults and especially in PWAD. Signal distortions caused by filters are a serious issue
in ERP research (Widmann, Schroger, & Maess, 2015). A zero-phase (non-causal),
one-pass FIR filter with a cut-off frequency of 50.625 Hz (-6 dB), a filter order of
176, and a transition band width of 11.25 Hz was used to low-pass filter the signal
offline as implemented in the firfilt EEGLAB function. Afterwards, the signal was
cut into segments of interest, 200 ms before stimulus onset until 600 ms post-
stimulus. Epochs that exceeded +/- 100 uV were rejected. ICA was applied to correct
for blinks and horizontal eye movements. Feedback-synchronized averages were

computed separately for negative and positive feedback trials.

Statistical analyses

Descriptive statistics were used to illustrate sample characteristics. Differences in age
and apathy between PWAD and older adults were tested with t-tests for independent
samples. MMSE scores were analyzed using a one-way analysis of variance
(ANOVA) followed by post-hoc t-tests. To test differences in gender and education
levels between groups, y? tests were used. Because of a small sample size and
imbalanced cell distributions, p-values of %2 tests were corrected using Fisher’s exact
test to compare gender and education between groups. Due to Bonferroni correction

the alpha level is set to p = .017 for these post-hoc tests.

Before analyzing outcomes of the study, the data was screened for outliers. Cases,
which differed three standard deviations (SD) or more from the mean were excluded

from the data analyses which included the variable in question. For all group
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comparisons, mixed-design ANOVAs were computed to analyze key outcomes of the
study with group (PwAD, older adults, young adults) as the between subject factor.
To evaluate task performance, a 5x3 mixed-design ANOVA included block (one to
five) as a within-subject factor and number of correct trials as dependent variable was
computed. To test behavioral results, a 3x3 mixed-design ANOVA with number of
trials (ten-, 100-, and 500-trial intervals) as a within-subject factor was computed

with discrepancy scores of awareness of performance as the dependent variable.

Based on the literature, measurements for the FRN were calculated at electrode Fz,
and at electrodes Fz, Cz, and Pz for the P300 (Polich, 2012). The FRN was analyzed
in the time window 150 - 400 ms after feedback onset, and peak amplitude and 50 %
fractional peak latency were computed. Regarding the P300, a time window of 250 -
600 ms after feedback onset was chosen. As the P300 is a large component, positive
area amplitude and 50 % fractional area latency were computed (Kiesel, Miller,
Jolicceur, & Brisson, 2008). Mixed-design ANOVAs with feedback valence (positive,
negative) as within-subject factor were computed to investigate amplitude and latency
of the FRN. To evaluate amplitudes and latencies of the P300, feedback valence, as

well as electrode position (Fz, Cz, Pz) were used as within-subject factors.

Effects are reported including partial n? (n,%) as a measure of effect size. According to
Cohen (1988), ny? > .06 corresponds with a medium effect size (.25), and ny? > .14
with a large effect size (.40). Greenhouse-Geisser correction procedure was used
when sphericity assumptions were violated. Post hoc comparisons were corrected

using the Bonferroni procedure.

Finally, bivariate Pearson correlations were computed between ERP amplitude
measures, awareness of performance (discrepancy scores), as well as for ASPIDD
and AES scores for PWAD. Statistical analyses were carried out with SPSS version

21. For all analyses a was set at .05, two-tailed.
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Results

Sociodemographic and clinical variables

A significant age difference between older adults and PwAD was found (t(25) = -3.1,
p = .005). Regarding gender, a significant effect was found (¥?(2) = 9.6, Fisher’s
exact p = .007). Post-hoc comparisons showed that only young and older adults
differed significantly (x?(1) = 9.6, Fisher’s exact p = .003). Educational levels also
differed significantly between groups (3%(1) = 19.1, Fisher’s exact p < .001). Post-hoc
comparisons showed that young adults differed from PwAD (x?(2) = 15.7 Fisher’s
exact p < .001). Moreover, a significant difference between groups was observed for
the MMSE (F(2, 41) = 90.7, p < .001), with PWwAD having significantly smaller
scores than young adults and older adults (both p < .001). Finally, older adults and
PWAD differed on the AES (t(14.8) = -6.5, p < .001). Mean and SD of
sociodemographic and clinical variables can be seen in Table 1. Follow-up
correlation analyses were carried out to examine whether age was associated to key
variables in the healthy older adult group and PwAD. Results are reported in the

corresponding sections below.

Behavioral results
Task performance

Two participants in the PWwAD group completed only three blocks of the task because
of tiredness and were thus excluded from behavioral analyses. The interaction term
was not significant (F (6.4, 128.2) = 1.4, p = .231, np2 = .06), but significant effects
of block (F (3.2, 128.2) = 6.1, p < .001, ny? = .13), and group (F(2, 40) = 12.1,p <
.001, np? = .38) were observed. Post-hoc comparisons showed that more errors were
committed in the first compared to all other blocks (all p < .050), and that PwAD
committed more errors than healthy older, and young adults (both p <.001). Numbers
of correct trials are shown in Table 2. Age was negatively correlated to the number of
correct trials in the third (r = -.534, p = .005) and fifth block (r = -.540, p = .005) in
the older adult groups (healthy and PwAD).
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PLEASE INSERT TABLE 2 HERE.

Awareness of performance

A significant interaction (F (4, 80) = 2.8, p = .032, n,? = .12) was found, whereby
PwAD underestimated their performance significantly more than young adults in the
100-trial-ratio (p = .023), and the 500-trial-ratio (p = .006). Furthermore, results
showed a trend for a significant difference of the discrepancy score (F (2,80) =3.1, p
= .051, np? = .07). Groups differed significantly (F (2, 40) = 3.8, p = .030, ny% = .16),
with post-hoc tests revealing higher discrepancy (i.e. lower quotient) scores for
PwWAD compared to young adults (p = .043). Mean and SD for estimated and actual
performance can be seen in Table 3, and discrepancy scores are graphically shown in
Figure 2. Performance of awareness was not correlated with age in the older adult

groups (healthy and PWAD).

PLEASE INSERT TABLE 3 HERE.

PLEASE INSERT FIGURE 2 HERE.

ERPs

Participants with fewer than ten negative feedback trials after preprocessing were
omitted from the analysis (one young adult, one older adult, two PwAD). Moreover,
one outlier was detected in the young adult group and excluded from the ERP
analyses. The resulting sample for the EEG analyses included 15 young adults, 15
older adults, and ten PwAD. There were more positive (PwAD: Mean = 161.6, SD =
80.1; older: Mean = 242.8, SD = 56.4; young: Mean = 197.7, SD = 65.7) than
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negative feedback trials (PwAD: M = 37.3, SD = 15.8; older: M = 40.1, SD = 13.8;
young: M = 36.7, SD = 11.3) included in the analyses.

FRN

The interaction term did not reach significance for the FRN amplitude (F(2,37) = 2.5,
p < .098, np? = .12). However, the FRN was significantly increased (more negative)
(F(1,37) =257, p < .001, np? = .41) after negative feedback, and the group effect was
significant (F(2,37) = 4.2, p = .022, ny> = .19). Post-hoc comparisons showed
significantly smaller (less negative) amplitudes in PwAD than older controls (p =
.018). Regarding latency, the interaction term (F(2,36) = 0.13, p = .875, np? = .01), as
well as feedback valence (F(2,36) = 0.13, p = .722, np> = .00) did not reach
significance, but there was a significant group effect (F(2,36) = 6.6, p = .004, ny? =
.27), whereby latencies were prolonged in PwWAD compared to older (p = .009), and
young adults (p = .006). Age in the older adult groups (healthy and PwAD) was
correlated with FRN amplitude after positive feedback (r = .508, p = .011), as well as
after negative feedback (r = .518, p = .009), meaning reduced amplitudes (more
positive) with older age. Age was also correlated with latency after positive (r = .678,
p <.001) and negative feedback (r = .419, p = .041).

P300

For P300 amplitudes, the interaction feedback*group was significant (F(2,37) = 6.8, p
= .003, np? = .27). Post-hoc comparisons showed larger amplitudes for young
compared to older adults after positive feedback (p = .010), and larger amplitudes for
young adults after negative feedback in comparison to older adults and PWAD (both p
< .001). Amplitude size differed between positive and negative feedback only in the
young adult group. A significant effect of factor feedback was also observed (F (1,37)
= 6.1, p = .019, np?> = .14), with larger amplitudes following negative feedback.
Moreover, groups differed significantly (F (2,37) = 14.8, p < .001, np? = .44). Young
adults had larger amplitudes than older adults (p < .001) and PwAD (p = .001). The
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interactions electrode*group (F(3.8,69.4) = 0.9, p = .488, n? = .04),
electrode*feedback (F(1.5,54.7) = 20, p = .151, n = .05, and
feedback*electrode*group (F(3.0,54.7) = 0.7, p = .542, ny? = .04), as well as factor
electrode (F(1.9,69.4) = 1.0, p = .366, np? = .03) did not reach significance. Regarding
latency, the interaction feedback*electrode*group was significant (F(3.1,43.5) = 3.4,
p = .024, np? = .20). Post-hoc tests found that older controls had prolonged latencies
for positive feedback at all electrode sites compared to young adults and PwAD (all p
< .050). Regarding negative feedback, latencies were prolonged for older adults
compared to young adults at all electrode sites (all p < .050), as well as compared to
PwAD at electrode Pz (p = .001). Significant effects of factor feedback (F (1,28) =
68.3, p < .001, np? = .71) and group (F(2,28) = 14.8, p < .001, np? = .51) were also
observed. Post-hoc comparisons showed prolonged latencies for negative feedback (p
<.001), as well as in older adults compared to young adults (p <.001) and PwAD (p
= .001). The interactions feedback*group (F (2,28) = 0.1, p = .910, ny?> = .00),
electrode*group (F (3.9,54.2) = 1.6, p = .192, np? = .10), and feedback*electrode (F
(1.6,43.5) = 2.2, p = .137, ny? = .07), as well as factor electrode (F (1.9,54.2) = 2.1, p
= .134, ny®> = .07) were not significant. Age was not correlated with P300
characteristics. Amplitude and latencies can be seen in Table 4. Feedback-locked

waveforms are represented in Figure 3.

PLEASE INSERT TABLE 4 HERE.

PLEASE INSERT FIGURE 3 HERE.

Correlation analyses

Awareness of disease (ASPIDD scores) and awareness of performance (discrepancy
scores) were significantly correlated. The ASPIDD total score correlated with
medium-term monitoring (r = -.636, p = 026), as did the social sub-score (r = -.717, p

= .009). Moreover, medium- and long-term performance monitoring were correlated
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(r = 416, p = .006). Furthermore, awareness of performance correlated with
neurophysiologic measures. FRN amplitude was correlated with online monitoring
after positive (r = .368, p = .019) and negative feedback (r = .329, p = .038). FRN
amplitude after positive feedback was also correlated with medium-term performance
monitoring (r = -.323, p = .042). However, long-term performance monitoring was
correlated with P300 amplitudes after negative feedback at electrodes Fz (r = .356, r =
.026) and Cz (r = .345, p = .032). Medium-term performance monitoring also
correlated with P300 amplitudes after negative feedback at electrode Cz (r = .330, p =
.037). Apathy was not correlated to awareness of performance, awareness of disease,

and neurophysiologic measures.

Discussion

In the present study, we aimed at investigating awareness of task performance in
PWAD. We applied a RT task with an adaptive algorithm to compensate for
differences caused by age or AD between groups, and combined data from self-report
measures, EEG recordings, and questionnaires. PwAD, healthy older and young
adults did not differ regarding online monitoring, but PwWAD were impaired in
medium- and long-term monitoring of performance. In relation to the ERP analyses,
all groups showed a sensitivity to feedback valence indicated by increased FRN
amplitudes after negative feedback. However, sensitivity to feedback valence was
only reflected in young adults in the P300 component, having larger amplitudes after
negative feedback. Moreover, young adults had larger P300 amplitudes than older
adults and PwWAD. In line with the CAM, our results support a mnemonic, rather than

an executive origin of anosognosia for performance in PWAD.

Manipulation of task difficulty in our paradigm worked well within groups, as well as
for healthy participants. Decreased numbers of errors after the first block represented
very likely a practice effect. However, PwWAD committed more errors than older and
young adults. Although the task had very low cognitive demands, we conclude that
execution was still more challenging for PwAD. Since our task was a pure reaction

time and not a learning task, we think it is unlikely that these differences in task
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performance have biased our results, in particular because the focus was on
awareness rather than on actual performance per se. Furthermore, age was negatively
correlated to the number of correct trials in some blocks, thus the higher age of
PwWAD in comparison to healthy older adults might have contributed to their elevated
numbers of errors. Nevertheless, creating a task that meets the same requirements for
healthy older and young adults, and at the same time for PWAD, remains a challenge

for future research.

Regarding awareness of performance, results show that PwAD are not impaired in
online-performance monitoring, indicated by similar performance in the groups
regarding the ten-trial interval evaluations. This is in line with previous research
(Silva et al., 2017; Stewart et al., 2010) that also supported the idea of preserved
online performance monitoring in PwAD. Interestingly, online-monitoring
performance was also not related to medium- or long-term performance monitoring
indices, while the latter were correlated. This could suggest that online monitoring
reflects a different process than medium- and long-term performance monitoring. In
contrast to online-monitoring performance, PWAD were less exact than young adults
in self-evaluating performance after medium- and long-term intervals, and worse
awareness of disease was associated to lower ratings of medium-term performance.
This is consistent with studies also showing that PwAD were not able to transfer
online monitoring to long-term predictions (Silva et al., 2017; Stewart et al., 2010).
According to the CAM, online monitoring is related to executive control mechanisms
(CCMs), whereas deficits in the integration of this information lead to a principal
failure in updating personal knowledge in the PDB, resulting in mnemonic
anosognosia. The fact that older adults did not differ from young adults or PwWAD
could be evidence for an accumulation of age and AD related effects in medium- and
long-term performance monitoring impairment in PwAD. In agreement with other
studies that used tasks that led to high success rates in PwAD (Mograbi, Brown,
Salas, & Morris, 2012), patients exhibited a pattern of underestimation of
performance, which highlights that unawareness of performance in AD does not have
a positive bias. Instead, PwAD anchored their estimation of performance very close

to the midpoint, a phenomenon that has been discussed before (Ernst, Moulin,
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Souchay, & Mograbi, 2015). Thus, alternatively to PwAD underestimating their
performance, we could speculate that they rather use a general guess to compensate

for monitoring impairments.

Regarding the FRN, amplitudes were bigger after negative feedback compared to
positive feedback for all groups. This is in line with previous studies showing that the
FRN is usually larger after negative feedback (e.g., Hajcak, Moser, Holroyd, &
Simons, 2006; Holroyd & Coles, 2002; Ludowicy et al., 2019). Although showing
prolonged latencies, PwWAD did not differ from young adults regarding FRN
amplitudes. Moreover, age was associated with amplitude and latency, which
suggests that the higher age of PWAD might have contributed to smaller amplitudes
and prolonged latencies in this group. Hence, older adults, as well as PwAD were
able to process external feedback and to differentiate between good and bad outcomes
on a neurophysiological level. Additionally, FRN amplitudes were associated with
online monitoring performance. Therefore, we assume that at least regarding the

processing of environmental feedback, neither age, nor AD caused a deficit.

According to the CAM, this is additional evidence for relatively preserved executive
performance monitoring processes in PWAD. However, previous studies investigating
performance monitoring components in aging and AD typically found differences
between groups. Regarding feedback processing, various studies found decreased
FRN amplitudes in older compared to younger adults (H&mmerer, Li, Miller, &
Lindenberger, 2011; Mathewson, Dywan, Snyder, Tays, & Segalowitz, 2008;
Pietschmann, Endrass, Czerwon, & Kathmann, 2011; West & Huet, 2020; Wild-Wall,
Willemssen, & Falkenstein, 2009). Using a gambling task, Nitta and colleagues (Nitta
et al., 2017) reported delayed latencies in PWAD compared to young adults, and
larger FRN amplitudes for PwAD compared to healthy age-matched adults. Although
our results are in line with previous research showing overall that older adults as well
as PWAD have neurophysiological components that indicate preserved performance
monitoring, the type of the task seemed to have influenced results. Whereas most
studies used learning or gambling paradigms and found age or AD related differences

between groups, the present study tried to investigate performance monitoring in a
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pure RT task to avoid as much as possible the influence of cognitive factors, such as

learning or decision making, that are well known to be impaired in PWAD.

A P300 was observed following the FRN, that was most pronounced for young
adults, whereas older adults and PwAD only showed subtle manifestations. In
contrast to the FRN, P300 amplitudes were not sensitive to feedback valence in
PwWAD and older adults, showing increased amplitudes after negative feedback only
in young adults. These findings are in line with previous research showing decreased
amplitudes and longer latencies related to aging and AD (Bennys, Portet, Touchon, &
Rondouin, 2007; Lai, Lin, Liou, & Liu, 2010; Nitta et al., 2017; Parra, Ascencio,
Urquina, Manes, & lbafiez, 2012; Polich & Corey-Bloom, 2005). Since the P300 is
involved in various cognitive processes reflecting top-down processing of stimuli
(Polich, 2012), like for example context updating (Donchin, 1981; Polich, 2007),
memory encoding (e.g., Guo, Duan, Li, & Paller, 2006; Polich, 2007), and attention
and stimulus evaluation (e.g., Duncan-Johnson & Donchin, 1982; Katada, Sato,
Ojika, & Ueda, 2004), it is difficult to determine the cause of alterations in P300
characteristics in aging and AD. One speculation is that the P300 could arise from
neural inhibitory activity that facilitates attentional focus to promote memory storage
(Polich, 2012). Bennys and colleagues (Bennys et al., 2007), as well as Lai and
colleagues (Lai et al., 2010) interpret decreased P300 amplitudes as indices of
attentional and memory deficits in PwAD. Although PwWAD and healthy older adults
did not differ regarding P300 amplitude in our sample, more exact medium- and long-
term performance evaluations were associated with elevated P300 amplitudes after
negative feedback. This supports the idea of an impairment in attentional processes
related to feedback processing, which could contribute to deficits in subsequent
memory updating of unpleasant events. Nevertheless, more studies are needed to
draw reliable conclusions about the relationship between the P300 and awareness of

performance in aging and AD.

Apathy was not related to task performance, measures of awareness, and ERP
characteristics. We expected apathy to be associated to awareness of performance if

affective factors would play a role in this process. The link between affective


DBD
PUC-Rio - Certificação Digital Nº 1613384/CA


PUC-Rio- CertificagcaoDigital N° 1613384/CA

72

processing, apathy and performance monitoring is based on a lack of emotional
significance of failed task performance in apathy, by which those events could be
ignored when patients evaluate their abilities (Rosen, 2011). However, a high success
rate was used in this paradigm and errors were rare and more salient events.
Therefore, the effect of negative valence of errors that could have been associated to
apathy, might have been confounded with effects of salience. On top of that, our
sample of PWAD could be restricted in variance because depression, which is highly
associated with apathy, was an exclusion criterion (Wei, Irish, Hodges, Piguet, &
Kumfor, 2019).

Limitations

Some limitations of the present study must be mentioned. Our task design was rather
explorative, in the sense that we did not use a classic error monitoring, learning, or
gambling task to investigate performance monitoring. It was our goal to create a
paradigm that can be used to explore performance monitoring with low cognitive
effort and increased ecological validity. Moreover, we aimed at developing a task that
leads to similar levels of difficulty for PwAD, as well as for healthy older and young
adults. Therefore, the paradigm used in the present study differs from the tasks used
in the literature, and future studies using similar designs are needed to validate our
findings. Furthermore, we recommend implementing a classic control task in future
studies to compare results directly. Another point is the significant age difference
between older adults and PwAD. We could show that higher age was related to
elevated numbers of errors, as well as to reduced FRN amplitudes and prolonged
latencies, which is in line with our interpretation of intact executive performance
monitoring abilities in healthy older adults and PwAD. Moreover, age was not
associated to awareness of performance and P300 characteristics. Older adults and
PwWAD did not differ regarding gender and educational level, but younger adults
differed from PwAD regarding educational level, and from older adults regarding
gender. Because of the age difference and related differences in various

characteristics, it was not possible to clearly investigate the influence of education
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and gender between these groups. Thus, we cannot rule out that gender and education
influenced the differences found between older (healthy and PwAD) and young

participants.

Conclusion

In the present study, we used positive and negative feedback in a RT performance-
monitoring task to study different aspects of awareness of performance in PWAD,
healthy older and young adults. According to the CAM, anosognosia can be caused
by mnemonic and executive deficits. We found that neither aging, nor AD caused
deficits in online performance monitoring, whereas medium- and long-term
performance monitoring were impaired in PwAD. These findings support a
mnemonic nature of anosognosia in AD, which is further supported by findings of
related ERP components. The FRN amplitude was sensitive to feedback valence,
showing enhanced amplitudes after negative feedback in all groups. Thus, PwAD
were able to differentiate between positive and negative outcomes on a
neurophysiological level. In contrast, PwAD and healthy older adults had strongly
decreased P300 amplitudes in comparison to young adults, indicating deficits in
attentional and memory processes that could be related to performance monitoring.
Studies investigating performance monitoring in PWAD are still scarce and more
research is needed to draw reliable conclusions. Nevertheless, consolidation of
information about performance seems to be a key factor in the generation of
anosognosia in PwAD. Neuropsychological therapy approaches could try to
implement methods to strengthen consolidation processes, which could lead to

improved awareness.
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Table 1 — Sociodemographic and clinical characteristics of participants.
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PWAD (n =12) Older adults (n =15”)  Young adults (n = 17)
Variable Mean (SD) / Range Mean (SD) / Range Mean (SD) / Range
Age 77.9 (8.3)/62-88 69.7 (5.5) / 61-82 215 (2.6) / 18-29
Sex* 7/5 14/1 7/10
Primary education™ 6 (50) 1(6.7) 0
High school education™ 2 (16.7) 2(13.3) 0
University degree™ 4 (33.3) 12 (80) 17 (100)

ACE-R

MMSE

AES

ASPIDD total score
Cognition
ADL
Affective

Social

47.1(11.8) / 23-64
15.8 (4.8) / 8-23
47.8 (11.2) / 29-63
12.1 (6.0) / 3/24
3.9 (2.0)/0/8

45 (2.5)/-1/8

2.3 (2.5)/-2/7

1.3 (2.0)/-1/5

27.7 (2.0) / 24-30
25.0 (5.3) / 18-40

29.1 (0.7) / 28-30

A for one participant in the older adult group demographic data was not available; * #female/male; ~ absolute number
(%); SD — standard deviation; ACE-R — Addenbrooke’s Cognitive Examination — Revised, < 83 points = cut-off score
for presence of dementia (maximum score = 100); MMSE — Mini Mental State Examination, < 24 points = cut-off
score for presence of cognitive impairment (maximum score = 30); AES — Apathy Evaluation Scale, higher scores
indicate higher levels of apathy (total range 18 - 72 points), apathy was measured as caregiver report for PwAD and as
self-report for healthy older adults; ASPIDD — Assessment Scale of Psychosocial Impact of the Diagnosis of
Dementia (total score and sub-scales); ADL — activities of daily living.
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Block  PwAD Older adults Young adults
Mean (SD) Mean (SD) Mean (SD)

1 70.9 (14.0) 80.9 (7.1) 82.5 (4.7)

2 74.6 (15.2) 84.4 (6.6) 86.6 (3.8)

3 76.6 (10.8) 85.4 (5.5) 85.9 (3.6)

4 79.1 (9.6) 85.4 (5.9) 87.4 (4.5)

5 72.8 (14.6) 88.3 (3.6) 87.1(4.7)

Number of correct trials for all five blocks for PwAD (n = 10), older (n =

16), and young adults (n = 17). SD — standard deviation.

Table 3 — Estimated and actual performance for ten-, 100-, and 500-trial intervals.

Group 10-trial interval 100-trial interval ~ 500-trial interval
Performance Mean (SD) Mean (SD) Mean (SD)
PWAD
Estimated 8.0 (1.8) 55.9 (30.9) 261.4 (169.4)
Actual 8.0 (1.5) 70.9 (14.0) 375.9 (52.4)
Older adults
Estimated 7.4(2.2) 66.0 (25.2) 362.2 (92.9)
Actual 8.6 (1.3) 80.9 (7.1) 424.3 (19.9)
Young adults
Estimated 7.8 (1.7) 774 (1.7) 412.0 (38.7)
Actual 8.6 (1.0) 82.5 (4.7) 429.5 (13.4)

Estimated, self-evaluated performance (correct trials) after ten, 100, and 500 trials, and correct, actual
performance (correct trials) in the corresponding interval for PwAD (n = 10), older (n = 16), and
young adults (n = 17). SD - standard deviation.
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PwWAD Older adults Younger adults
ERP at electrode Amplitude Latency Amplitude Latency Amplitude Latency
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
FRN at Fz
positive -2.2 (4.6) 226.7 (58.6) -4.3 (2.8) 193.6 (39.1) -4.8(2.1) 195.7 (11.9)
negative -5.2 (2.5) 226.8 (47.8) -9.3(3.3) 193.3 (35.3) -6.5 (3.9) 186.9 (20.7)
P300 at Fz
positive 0.5(0.9) 325.8 (48.2) 0.3(0.2) 372.0 (47.3)* 0.7 (0.4) 328.1 (32.2)
negative 0.4 (0.3) 401.7 (80.4) 0.5 (0.6) 437.2 (70.6) 1.8(1.1) 390.7 (43.5)
P300 at Cz
)sitive 0.5(0.5) 333.8 (67.7) 0.3(0.3) 381.1(87.7)* 0.7 (0.5) 321.5(23.5)
§ \gative 0.2 (0.1)° 444.8 (78.7) 0.5(0.8) 465.2 (80.1)  1.7(1.1) 401.1 (47.4)
P:§ )at Pz
:ﬁ )sitive 0.5 (0.6) 378.5 (94.6) 0.2 (0.3) 371.9 (87.2)* 0.6 (0.4) 325.1 (28.4)
% \gative 0.4 (0.7)° 379.2 (102.6) 0.3 (0.6) 467.3 (9040  13(1.1) 392.6 (50.6)
T\/Izcgu I and standard deviation (SD) for feedback-locked ERPs at electrode sites Fz, Cz, and Pz for PwAD (h = 10), older (n = 15), and

@S
icac

ertif

3 adults (n = 15). For the FRN, the peak amplitude (in pV) was computed relative to baseline in a time window 150 - 400 ms after
ack onset. The latency values were calculated as 50 % fractional peak latency. For the P300, the positive area amplitude was

cc© wted (in pVs), and 50 % fractional area latencies in the time window 250 - 600 ms after feedback onset. * n = 12; *n=11;~n =

152 1=09.
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Figure 1 — Schematic representation of one trial in the performance monitoring task. After a fixation cross, a little car
appeared on the left side of the screen, moving from left to right with a velocity varying on ten levels, from 60 ms
(fastest level) to 2030 ms (slowest level). Participants were instructed to press a button as soon as they see a car
appearing on the screen. After the car disappeared, responses were still recorded in a short time interval. After each
response, participants received auditory feedback that indicated if they answered correct (fast enough) or not. ISI —
inter stimulus interval.
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Figure 2 — Representation of means of the quotient as estimation of awareness of task performance
(estimated correct trials / actual correct trials; values smaller than one represents under-estimation) for
the 10-trial, 100-trial, and 500-trial intervals for PwAD (n = 10), older (n = 16), and young adults (n =
17). Error bars indicate +/- one standard error (SE). * p < .050; ** p <.001.
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Figure 3 — Feedback-locked ERP waveforms at Fz, Cz, and Pz, for PwAD (n = 10), older (n = 15) and young adults (n = 15) following positive (solid line) and
negative (dotted line) feedback in the time window -200 - 600 ms (positive voltage is plotted up). A period of 200 ms before feedback onset was used as baseline.
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Emotional reactivity in Alzheimer’s disease and healthy aging. (In preparation)
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Abstract

In the presence of substantial cognitive decline caused by Alzheimer’s Disease (AD),
it is crucial to focus on preserved abilities to improve quality of life for patients and
caregivers. Affective processing abilities have been increasingly investigated in AD
in recent decades. The present study examined emotional reactivity to negative, self-
relevant, and neutral pictures in people with AD (PWAD; n = 15), healthy older (n =
18), and young adults (n = 24), combining data from affective ratings, event-related
potentials (the late positive potential; LPP), and facial expression recordings. Results
showed that emotional reactivity of PWAD was similar to young adults, whereas
older adults showed elevated subjective ratings and diminished neurophysiologic
responses. The enhanced neurophysiologic responses to emotional stimuli of PWAD
compared to healthy older adults could be related to a lack of cognitive control
mechanisms. Moreover, LPP amplitudes were elevated for self-relevant stimuli in
PwAD, although those were not subjectively perceived as more salient than negative
pictures. Our results give further evidence for relatively preserved emotional
capacities in PWAD, further suggesting we should maximize our efforts in developing

approaches that use these preserved abilities to improve clinical and home care.

Key words

Awareness; apathy; EEG; LPP; self-relevant stimuli
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Introduction

Alzheimer’s disecase (AD) is a neurodegenerative disorder that was classically
characterized by principal cognitive impairments. In recent decades, the field has seen
growing interest in exploring gains and losses in affective processing in AD (for
reviews see Klein-Koerkamp, Beaudoin, Baciu, & Hot, 2012; Zhang, Ho, & Fung,
2015), as well as its relation to awareness (e.g., Mograbi, Brown, Salas, & Morris,
2012). Emotional processing may have a deeper impact than cognition in the
prognosis of dementia, since it has been shown that emotion perception is related to
well-being (Phillips, Scott, Henry, Mowat, & Bell, 2010), and that affective
alterations already occur before a cognitive decline in AD (Fredericks et al., 2018).
Furthermore, affective processing seems to be less impaired than cognition in people
with AD (PwAD), and thus could represent a chance for compensation and innovative

therapy concepts.

Whereas impairments exist regarding identification of facial emotions (for reviews
see Klein-Koerkamp et al., 2012; McLellan, Johnston, Dalrymple-Alford, & Porter,
2008), emotional reactivity to affective stimuli seems to be largely preserved when
using film clips (Goodkind et al., 2015; Henry, Rendell, Scicluna, Jackson, &
Phillips, 2009; Mograbi & Morris, 2013; Smith, 1995). Some studies used pictures
from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert,
2008), and findings support preserved emotional reactivity in PWAD to emotional
pictures, indicated by similar arousal (Burton & Kaszniak, 2006; Hamann, Monarch,
& Goldstein, 2000) and valence ratings (Baran, Cangtz, & Ozel-Kizil, 2014; Burton
& Kaszniak, 2006; Schultz, De Castro, & Bertolucci, 2009), as well as no differences
in physiologic measures, like skin conductance response (Hamann et al., 2000)
compared to healthy older controls. In addition to physiological data, behavioral data,
such as facial expressions, has also been explored in response to emotional stimuli.
Again, studies found relatively preserved facial expressions in PWAD in response to
affective stimuli (Chen et al., 2017; Goodkind et al., 2015; Mograbi, Brown, &
Morris, 2012).
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One important factor mediating reactivity is self-relevance of stimuli. Initial research
comparing younger and older adults suggested alterations in reactivity in the latter
group, with no differences in subjective experience, but diminished autonomic
responses (Labouvie-Vief, Lumley, Jain, & Heinze, 2003; Tsai, Levenson, &
Carstensen, 2000). However, more recent findings contradicted this notion,
suggesting that previous studies did not use stimuli appropriate for this age group.
Using material related to health issues and personal losses (e.g. cancer films)
Kunzmann and Griihn (2005) identified personal relevance as a key factor driving
emotional reactivity in older adults. In their study, healthy older adults showed
greater subjective and similar physiological reactions to negative film clips that were

relevant to their age, in comparison to young participants.

For PWAD self-relevance could be an important factor as well, also linking emotional
reactivity to awareness. Reduced awareness about the condition itself or related
deficits, also called anosognosia, is a common feature in AD (Morris & Hannesdottir,
2004). It has important implications regarding treatment compliance (Patel & Prince,
2001), caregiver burden (Verhllsdonk, Quack, HOft, Lange-Asschenfeldt, &
Supprian, 2013), exposure to dangerous behaviors (Starkstein, Jorge, Mizrahi,
Adrian, & Robinson, 2007), and earlier institutionalization (Horning, Melrose, &
Sultzer, 2014). Mograbi and colleagues (Mograbi, Brown, & Morris, 2012) suggested
that self-relevant stimuli would produce greater emotional reactivity only in aware
PwAD who identify with the content of the stimulus material, and that awareness
could mediate reactions to self-relevant stimuli. In line with this, Clare and colleagues
(Clare et al., 2012) reported that PwAD are more likely to provide appropriate advice
for people with dementia presented in vignettes, when they had higher levels of
awareness of their own condition. Personal relevance seems to be important for
affective processes, but illness related material has not often been used in
investigating this relationship in AD. Moreover, it has been suggested that also
apathy influences emotional reactivity (Eling, Maes, & Van Haaf, 2006; Mograbi &
Morris, 2014) and awareness in PWAD by depriving experiences of their emotional

depth, which then fail to receive attention (Mograbi & Morris, 2014).
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Because of their excellent temporal resolution, event-related potentials (ERPs) could
represent a great opportunity to gain deeper insight in the time course of affective
processes (Hajcak, Weinberg, MacNamara, & Foti, 2012). The late positive potential
(LPP) is a marker of emotional reactivity, since it has been shown that its amplitude
is elevated for emotional compared to neutral stimuli (Cuthbert, Schupp, Bradley,
Birbaumer, & Lang, 2000; Hajcak & Olvet, 2008; Schupp et al., 2000). Whereas
valence seems to influence relatively early components in the 100 to 250 ms range,
arousal appears to influence later components around 200 to 1000 ms after stimulus
onset (Olofsson, Nordin, Sequeira, & Polich, 2008; Olofsson & Polich, 2007). To the
best of our knowledge, the LPP has not yet been investigated in relation to emotional
reactivity in PWAD. Studies investigating the effect of aging on emotional reactivity,
frequently found no differences in subjective ratings of emotional stimuli between
young and older adults, but a decline of physiologic responses to unpleasant stimuli
related to aging (Kisley, Wood, & Burrows, 2007; Kunzmann & Griihn, 2005;
Mathieu et al., 2014). Some studies also reported elevated emotional reactivity for
positive stimuli reflected in subjective and behavioral data, as well as in increased
LPP amplitudes for older adults (Langeslag & Van Strien, 2009; Meng et al., 2015).

The present study aims to investigate reactivity to emotional and self-relevant stimuli
in PWAD, healthy older and young adults, using ERPs, facial expression recordings,
and ratings of emotional stimuli. We aim to gain a deeper understanding of the time
course of emotional processing in PWAD by investigating the LPP. According to the
literature, we hypothesize an aging effect in emotional reactivity reflected by
diminished neurophysiologic responses to negative stimuli in healthy older adults.
Due to higher levels of apathy, we expect a decrease in the neurophysiologic
responses to negative stimuli in PwAD compared to older and young adults.
Additionally, we explore the idea of heightened significance of self-relevant stimuli
in PWAD, which should be reflected in increased LPP amplitudes compared to
controls. Although we expect PWAD to have fairly preserved subjective emotional
reactivity, reflected by similar ratings and facial expressions as healthy older controls,
it is our goal to investigate if potential alterations in emotional reactivity behavior are

related to neurophysiological changes.
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Methods

Participants

67 participants were recruited. 16 PWAD were recruited from an outpatient unit at the
Alzheimer’s Disease Centre at the Institute of Psychiatry at the Federal University of
Rio de Janeiro (CDA-IPUB-UFRJ). PWAD were asked to participate with a caregiver
who could act as informant. AD was diagnosed by a psychiatrist according to the
DSM-IV-TR (American Psychiatric Association, 2000). Therapy and medication of
PWAD was done at the outpatient unit. A total of 21 healthy older adults were
recruited in the vicinity of the universities and the clinic. A total of 30 young adults
were recruited amongst college students from the Federal University and the
Pontifical Catholic University of Rio de Janeiro. Characteristics of participants can be

seen in Table 1.

Exclusion criteria were psychiatric or neurological diseases (other than AD, in the
PwAD group) diagnosed according to the ICD-10 (World Health Organization, 2004)
criteria, e.g. major depressive disorder and anxiety disorders, excluding also cases
with mixed or vascular dementia in the PwWAD group; head trauma with loss of
consciousness for more than one hour, as well as abuse of alcohol or other drugs,
except tobacco. Moreover, participants with uncorrected hearing loss or visual
impairment were not included in the study. All participants had a minimum of four
years of formal education. The age range for healthy young volunteers was 18 to 30
years, and a minimum of 60 years for older adults and PwAD. All participants
underwent a brief neuropsychological assessment, which was carried out by a
psychologist. All participants provided written informed consent before the
experiment, with caregivers validating consent in the case of patients. The study was
conducted under ethical approval of the ethics committee of the IPUB-UFRJ (CAAE:
63181816.8.0000.5263).

In addition to the above, a depression screening was conducted to exclude
participants with undiagnosed depressive symptoms. Level of depression was
measured with the Beck’s Depression Inventory II (BDI II; Beck, Steer, & Brown,
1996; Gomes-Oliveira, Gorenstein, Neto, Andrade, & Wang, 2012) for young adults.
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According to the authors, a cut-off score of more than 14 points is indicative of mild
depression and was thus used as exclusion criterion. The Geriatric Depression Scale
(GDS; Almeida & Almeida, 1999a; Sheikh & Yesavage, 1986) was used to screen
PwAD and healthy older adults for depression. A cut-off score above seven points
was used as exclusion criterion (Almeida & Almeida, 1999b). One participant in the
AD group, three in the healthy older adult group, and six in the young adult group
were excluded. The final sample consisted of 15 PwAD, 18 healthy older, and 24
healthy young adults.

PLEASE INSERT TABLE 1 HERE.

Instruments
Cognition

The Addenbrooke's Cognitive Examination Revised (ACE-r; Carvalho & Caramelli,
2007; Mioshi, Dawson, Mitchell, Arnold, & Hodges, 2006) was used to assess
cognitive impairment in PwAD, whereas the Mini-Mental State Examination
(MMSE; Bertolucci, Brucki, Campacci, & Juliano, 1994; Folstein, Folstein, &
McHugh, 1975) was used as a control measure for healthy participants. Since the
MMSE is part of the ACE-r, it was possible to compare the groups on the MMSE
score. The ACR-r measures orientation, attention, memory, verbal fluency, language,
and visuospatial abilities with a maximum score of 100 and a cut-off score of 83
points for the presence of dementia. The MMSE is a screening tool for global
cognition assessing orientation, registration, short-term memory, language use,
comprehension, and basic motor skills. The total score ranges from zero to 30 points,
with lower scores indicating more impaired cognition. We applied education-adjusted
cut-off scores (Bertolucci et al., 1994), and scores below 24 were used as exclusion

criterion for healthy participants.
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Awareness of disease

Awareness of condition was assessed for PWAD using a short version of the
Assessment Scale of Psychosocial Impact of the Diagnosis of Dementia (ASPIDD;
Dourado, Laks, & Mograbi, 2019). The scale includes twelve items to evaluate
awareness in four domains: cognitive functioning and health condition, instrumental
and basic activities of daily living (ADL), emotional state, as well as social
functioning and relationships. The scoring is based on discrepant responses of self-
and caregiver reports, whereby both answer the same questions with frequently (four
points), sometimes (three points), rarely (two points), or never (one point). The score
is calculated as the sum of discrepant answers (caregiver minus patient rating), thus

positive values indicate over-estimation.

Apathy

The degree of apathy was evaluated only in PwAD and healthy older adults, using the
Apathy Evaluation Scale (AES; Caeiro, Silva, Ferro, Pais-Ribeiro, & Figueira, 2012;
Marin, Biedrzycki, & Firinciogullari, 1991). It has 18 items with answers ranging
from “not at all true” (four points) to “very true” (one point) resulting in a score
between 18 and 72 points. Higher scores indicate higher levels of apathy. Apathy was

evaluated as self-report for older adults and as caregiver report for PwAD.

Procedure

Participants were received in a room at the CDA-IPUB-UFRJ by two experimenters.
Before starting the experimental task (described below), all participants signed the
informed consent and answered the demographic questionnaire. After that,
participants were prepared for the recording of the electroencephalogram (EEG). In
the case of PWAD, the caregiver answered questionnaires during this period (see
below). Once the experimental task was finished, the electrodes were removed.
Following a short break, participants answered the questionnaires, as well as the

MMSE or ACE-r. Healthy participants completed all questionnaires by themselves,
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except the MMSE, which was carried out by a psychologist. PwWAD completed ratings
of awareness (ASPIDD), level of depression (GDS), and were tested for cognitive
functioning (ACE-r) by a psychologist. Caregivers completed all demographic
information, as well as informant ratings of awareness (ASPIDD) and apathy (AES).
If needed, the experimenter helped PwWAD completing the questionnaires by reading

the questions aloud and explaining them.

Emotional reactivity task

E-prime 3 professional (Psychology Software Tools) was used to create the task.
Participants were seated approximately 70 cm in front of a computer screen and asked
to fixate the middle of the screen. Each trial started with the presentation of a fixation
cross for 500 ms, followed by an instruction slide “view” for a variable interval
between 1700 and 2000 ms. Participants were instructed to passively view the image
following this instruction and to react naturally without trying to regulate their
emotions. Instructions were emphasized again in between the blocks for PwWAD. The
images were presented for 4000 ms and could be negative, neutral or dementia-
related (see below). After viewing the pictures, participants rated their emotions on a
computerized version of the arousal and valence scales of the Self-Assessment
Manikin (SAM; Bradley & Lang, 1994). Both rating scales use pictures of manikins
that range from no arousal (1) to high arousal (9), and from high negative valence (1)
to high positive valence (9), respectively (see Figure 1). At the beginning of the task,
participants completed twelve practice trails (four in each condition) to familiarize
with the task and the rating scales. After the practice phase, participants were asked to
explain what they have to do during the task to ensure that the concept of passively
viewing the pictures and of the SAM was well understood. The training phase was
repeated if necessary. The task was divided into three blocks with a total duration of
approximately 30 minutes, whereas 27 images were presented randomly in each
block. In between the blocks, participants could take breaks. EEG and facial

expressions of the participants were recorded during the task. After the experiment
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was finished, participants were informed about the experiment, and offered to obtain

the results of their neuropsychological assessment and questionnaires via e-mail.

PLEASE INSERT FIGURE 1 HERE.

Stimuli

Negative, neutral, and dementia-related pictures were presented to the participants.
Each category consisted of 27 pictures, which were shown randomly in three blocks,
whereby always nine pictures of each category were included in each block. Pictures
were presented full screen on a 22 inch monitor. Negative and neutral images were
taken from the IAPS (Lang et al., 2008), whereby negative images had low valence
(M = 2.39, SD = 0.64) and high arousal (M = 5.92, SD = 0.76), and neutral images
had medium valence (M = 5.25, SD = 0.58) and low arousal (M = 3.43, SD = 0.5).
Negative pictures depicted mutilations or people in dangerous or tragic situations,
including fearful, angry or sad face expressions. Neutral images depicted people in
daily life situations that were apparently healthy, or portraits with a neutral face
expression. The dementia related pictures were taken from the internet. In total 50
pictures were chosen and evaluated by five raters. The 27 images rated to be most
related to dementia were selected and included in the task. The images depicted older
adults with difficulty performing daily household tasks such as eating or dressing, as
well as older adults in need of help and with facial expressions that indicate doubt or
forgetfulness. Those stimuli are exploratory and were included because they were
thought to represent self-relevant stimuli for PwAD. All pictures showed humans or
human body parts, and physical characteristics of all images were matched on spatial

frequency, contrast, and brightness.
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EEG recording and preprocessing

EEG was recorded with an EMSA BrainNet BNT 36 amplifier from 20 AgCl
electrodes (Fp2, Fpl, F8, F4, Fz, F3, F7, C4, Cz, C3, T8, T7, P8, P4, Pz, P3, P7, O2,
Oz, O1) with electrode Cz as online reference, and a sampling rate of 600 Hz. A chin
support was used to limit head movements. The electrodes were attached to a cap
according to the 10/20 system. The signal was filtered online with a low-pass filter of
70 Hz, a high-pass filter of 0.1 Hz, and a notch filter to remove 60 Hz electrical noise.
All impedances were kept below 5 kQ. The software EEGLAB (Delorme & Makeig,
2004) and ERPLAB (Lopez-Calderon & Luck, 2014) were used for preprocessing.
The signal was re-referenced to the average of the left and right mastoids and filtered
offline with a low-pass filter. Filters and baseline corrections were necessary because
of a lower signal-to-noise ratio in older adults, especially in PwAD. Signal distortions
caused by filters are a serious issue in ERP research (Widmann, Schroger, & Maess,
2015). The offline filter was carefully designed; a zero-phase (non-causal), one-pass
FIR filter with a cut-off frequency of 50.625 Hz (-6 dB), a filter order of 176, and a
transition band width of 11.25 Hz was used to low-pass filter the signal, as
implemented in the firfilt EEGLAB function. Afterwards, the signal was cut into
segments of interest, 200 ms before stimulus onset (baseline) until 2000 ms post-
stimulus. ICA was applied to remove blinks and horizontal eye movements. Epochs
in which the signal exceeded +/- 100 uV were excluded from statistical analyses.
Participants with a minimum of eight trials in each condition after the preprocessing
were included in the analyses (Moran, Jendrusina, & Moser, 2013). Because of
technical problems, three PWAD had to be excluded, as well as four more because of
too little trials after preprocessing. In the older adult group, two participants had to be
excluded because of technical problems, and five because of less than eight trials per
condition. For young adults, four were excluded because of technical problems, and
two more because of an insufficient number of trials. Thus, the final sample for EEG

analyses consisted of eight PwAD, eleven older, and 18 young adults.
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Facial expression recording and preprocessing

Facial expressions of participants were recorded during the task using a Logitech
C920 Pro full HD webcam. From those recordings, two trials per block per condition
(negative, neutral, dementia-related) were selected randomly and analyzed using the
Facial Action Coding System (FACS; Ekman, Friesen, & Hager, 2002), by a coder
blind to the study design and group membership. Facial expressions were categorized
for all conditions in specific emotional labels as anger, contempt, disgust, fear,
happiness, interest, sadness, surprise, and pain (single emotions). In addition,
intensity of the emotional expressions was evaluated on a scale from one to five,
according to the FACS methodology (Ekman et al., 2002), with five representing the
highest intensity. Repertoire, the number of different action units (facial behavior
assessed by the FACS), was also registered. Finally, facial expressions were
characterized more generally according to their valence as positive (happiness,

interest) or negative (anger, contempt, disgust, fear, pain).

Statistical analyses

Descriptive statistics were used to illustrate sample characteristics. Differences in age
and apathy between PWAD and older adults were tested with t-tests for independent
samples. MMSE scores were analyzed using a one-way analysis of variance
(ANOVA) followed by post-hoc t-tests. To test differences in gender and education
levels between groups, x> tests were used. Because of a small sample size and
imbalanced cell distributions, p-values of %2 tests were corrected using Fisher’s exact
test to compare gender and education between groups. Due to Bonferroni correction
the alpha level is set to p = .017 for these post-hoc tests. Follow-up analyses were
performed to evaluate whether gender or educational level of the participants
influenced emotional reactivity. For each planned ANOVA (see below), a second
ANOVA was computed, with gender and educational level (primary, high school,

university) instead of group as between-subject factors.
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The data was screened for outliers. Cases, which differed three standard deviations
(SD) or more from the mean were excluded from the data analyses which included
the variable in question. Mixed-design ANOVAs were computed to analyze key
outcomes of the study with group (PwAD, older adults, young adults) as between
subject factor. To analyze valence and arousal ratings of the SAM, two mixed-design
ANOVAs with category (negative, dementia-related, neutral) as within-subject
factors were computed. Regarding facial expressions, we computed mixed-design
ANOVAs for positive and negative valence, intensity, repertoire, and single
emotions, with category as within-subject factor. To analyze statistical differences in
the LPP, positive area amplitudes were computed. Based on the literature and grand
average waveforms, three time windows were chosen: 200 - 800 ms (early), 800 -
1400 ms (middle), and 1400 - 2000 ms (late) after stimulus onset. Time windows
were chosen to investigate effects on the LPP over time (Hajcak, Macnamara, &
Olvet, 2010). Since the LPP has a centro-parietal scalp distribution (Hajcak et al.,
2010), ANOVAs were calculated separately for electrodes Cz and Pz. Thus, two
3x3x3 mixed-design ANOVAs with category (negative, dementia-related, neutral),
and time (early, middle, late) as within- and, as for the other analyses, group as
between-subject factor were computed. Moreover, 50 % fractional area latencies
were computed and compared for the early time window to investigate if the timing
of the LPP differed between electrodes, categories or groups. A 2x3x3 mixed design
ANOVA was computed, with electrode (Cz, Pz), and category (negative, dementia-

related, neutral) as within-subject factors.

Effects are reported including partial n? (ny?) as a measure of effect size. According to
Cohen (1988), ny? > .06 corresponds with a medium effect size (.25), and ny? > .14
with a large effect size (.40). Greenhouse-Geisser correction procedure was used
when sphericity assumptions were violated. Post hoc comparisons were corrected

using the Bonferroni procedure.

Finally, bivariate Pearson correlations were computed between key outcomes, as well
as for ASPIDD and AES scores for PwAD. ASPIDD scores were correlated with

neurophysiologic responses, facial expression, and ratings for dementia-related and
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negative pictures to explore the relationship between awareness and self-relevant, as
well as negative stimuli. The AES scores were correlated with the LPP amplitudes,
facial expressions, and ratings for negative pictures to investigate if a higher level of
apathy leads to diminished responses to emotional stimuli. Statistical analyses were

carried out with SPSS version 21. For all analyses o was set at .05, two-tailed.

Results

Sociodemographic and clinical variables

PwWAD and healthy older adults differed regarding age (t(22.7) = -3.6, p = .001).
Furthermore, groups differed significantly for gender (¥?(2) = 14.2, Fisher’s exact p <
.001), and educational level (¥?(4) = 29.5, Fisher’s exact p < .001). Post-hoc
comparisons showed that PWAD and healthy older adults differed in relation to
gender (y2(1) = 7.5, Fisher’s exact p = .012), and education (y%(2) = 12.8, Fisher’s
exact p = .001). Young adults differed regarding education from PwAD (x?(2) = 21.5,
Fisher’s exact p <.001), as well as from older adults for gender (¥?(1) = 14.1, Fisher’s
exact p < .001). As expected, MMSE scores (F(2, 56) = 97.8, p < .001) were lower
for PWAD than for the other groups (both p < .001), and PWAD had higher levels of
apathy than healthy older adults (t(16.0) =-8.9, p <.001).

Self-report measures — SAM

For valence ratings, one outlier in the older adult group was identified and excluded
from this analysis. For valence ratings, the interaction term was significant (F(4, 106)
= 5.5, p <.001, np? = .17). Post-hoc tests showed that older adults rated negative
pictures more negative than young adults and PwAD (both p = .005). A main effect
of category was also found (F(2, 106) = 237.2, p < .001, ny? = .82), whereas groups
did not differ significantly (F(2, 53) = 1.2, p = .317, n? = .04). Post-hoc comparisons
showed significant differences between all conditions (Figure 2; all p < .001, except

for neutral and dementia pictures in PWAD p = .021). Regarding arousal, the
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interaction was not significant (F(2.6, 71.1) = 2.1, p = .117, np? = .07), but category
(Figure 3; F(1.3, 71.1) = 136.1, p < .001, ny? = .72) and group (F(2, 54) = 6.1, p =
.004, np? = .18) differed significantly. Post-hoc comparisons showed p-values < .001
between all categories. Furthermore, older adults rated pictures of all categories

significantly more arousing than PwWAD (p = .005) and young adults (p = .033).

PLEASE INSERT FIGURE 2 HERE.

PLEASE INSERT FIGURE 3 HERE.

Facial expressions

Due to failure with recordings, some participants had to be excluded for these
analyses (final sample sizes were n = 16 for young adults, n = 12 for older adults, and
n = 12 for PwAD). Regarding intensity of facial expressions, the interaction
category*group was significant (F(4.0, 73.5) = 4.5, p = .003, ny?> = .20). Facial
expressions of young adults were less intense than those of older adults for all
categories (Pneutral = .001, Pdementia = .037, Pregative = .003) and than those of PWAD in
negative picture trials (p = .001). A main effect of category was found (F(2.0, 73.5) =
3.1, p = .050, ny? = .08), with post-hoc tests showing more intense facial expressions
for negative compared to dementia trials (p = .045). Moreover, the group effect was
significant (F(2, 37) = 6.6, p = .003, np? = .26). Post-hoc comparisons showed less
intense expressions for young compared to older adults (p = .005), and to PWAD (p =
.042).

For the variable repertoire, the interaction was not significant (F(4, 74) = 1.2, p =
323, np? = .06), but a significant effect for category was found (F(2, 74) = 3.9, p =
025, np? = .10), with negative picture trials evoking more action units than dementia
trials (p = .030). Factor group was also significant (F(2, 37) = 4.1, p = .025, np? = .18).

Post-hoc tests showed less action units of young adults than of PWAD (p = .039).
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Regarding single emotions, a main effect of category was found for anger (F(1.3,
47.8) = 4.2, p = .037, ny% = .10), with more angry face expressions being evoked for
negative compared to dementia-related images (p = .021). The interaction was not
significant (F(2.6, 47.8) = 1.1, p = .363, np? = .06), as well as the group effect (F(2,
37) = 2.3, p = .113, np? = .11). For disgust, a main effect of category was also found
(F(1.2, 44.0) = 3.9, p = .047, 0% = .10), with negative pictures evoking more disgust
expressions than neutral (p = .009) and dementia-related pictures (p = .037). Again,
the interaction (F(2.4, 44.0) = 0.5, p = .621, np? = .03) and the group factor (F(2, 37) =
0.9, p = .427, n,?> = .05) were not significant.

One outlier in each group was identified for positive valence and excluded from this
analysis. The main effect of category was significant (F(1.4, 46.2) =5.8, p = .013, 12
= .15). Negative pictures evoked significantly fewer positive expressions than
dementia-related pictures (p = .028). The interaction (F(2.7, 46.2) = 0.5, p = .650, np?
= .03), as well as factor group (F(2, 34) = 0.5, p = .601, n,> = .03) were not
significant. No effects were found for negative valence (interaction (F(4, 74) = 1.6, p
=.187, np? = .08); category (F(2, 74) = 2.2, p = .117, n,?> = .06); group (F(2, 37) = 2.1,
p = .139, 2= .10)).

LPP

Two outliers were detected in the young adult group and excluded from these
analyses. No effects were found regarding latencies (see Table 2). For electrode Cz, a
significant time*group interaction was found (F(2.6, 41.5) = 3.5, p = .012, ny? = .18).
Post-hoc comparisons revealed that young adults had larger amplitudes than older
adults in the early time window (p = .012). Moreover, older controls differed from
PwWAD in middle (p =.005) and late (p =. 013) time windows, with PWAD having
larger amplitudes. Furthermore, there was a significant effect of time (F(1.3, 41.5) =
68.5, p < .001, np? = .68), with post-hoc tests showing that amplitudes were larger in
the early than in the middle and late time windows (both p < .001). Finally, a
significant group effect was found (F(2, 32) = 4.1, p = .026, np? = .21). Post-hoc

comparisons showed smaller amplitudes for older adults compared to young adults (p
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= .035). The interactions category*group (F(3.5, 56.1) = 0.4, p = .814, ny? = .02),
time*category*group (F(5.0, 79.8) = 1.2, p = .324, ny> = .07), as well as factor
category (F(1.8,56.1) = 1.7, p = .197, np? = .05) were not significant.

At electrode Pz, a significant main effect of time was found (F(1.3, 42.5) = 52.7,p <
001, np? = .62). Post-hoc comparisons revealed larger amplitudes in the early than in
the middle and late time windows (both p < .001). There was also a significant group
effect (F(2, 32) = 5.1, p = .012, np? = .24), with PWAD having larger amplitudes than
older adults (p = .011). A trend with a large effect size was found for the time*group
interaction (F(2.7, 42.5) = 2.7, p = .067, np? = .14), and a trend with a medium effect
size for the interaction time*category*group was also observed (F(4.6, 73.9) = 2.3, p
=.059, np? = .13). Amplitude values of the LPP are reported in Table 3. Figure 4
represents stimulus-locked LPP waveforms at electrodes Fz, Cz, Pz and Oz for all
groups and categories. The interactions category*group (F(3.0, 48.8) = 0.6, p = .593,
np? = .04), and category*time (F(2.3, 73.9) = 1.5, p = .224, np? = .05), as well as factor
category (F(1.5, 48.8) = 0.1, p = .871, np? = .00) were not significant.

PLEASE INSERT TABLE 2 HERE.

PLEASE INSERT TABLE 3 HERE.

PLEASE INSERT FIGURE 4 HERE.

Correlation analyses

SAM valence and arousal ratings were not correlated with LPP characteristics.
However, intensity of facial expressions was correlated with SAM valence ratings in
neutral picture trials (r = .337, p = .033). Moreover, intensity of facial expression was

correlated with amplitudes at electrode Pz in the middle time window for dementia-
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related pictures (r = -.435, p = .030). AES scores were only related to amplitudes at
electrode Cz in the early time window for PWAD after negative pictures (r = -.758, p
= .029). The ASPIDD total score was not correlated with LPP amplitudes, facial
expression indices, and SAM ratings, but the social sub-score was correlated to
arousal ratings of dementia pictures (r = -.622, p = .013). Moreover, the cognition
sub-score was correlated with amplitude at electrode Pz in the early (r = -.831, p =

.011) and middle time window (r = -.729, p = .040) after negative pictures.

Follow-up analyses

Regarding the follow-up analyses to examine effects of gender and education level on
emotional reactivity, no significant main effect or any interaction with other factors
was found for gender or education regarding SAM valence and arousal ratings. For
facial expressions, a significant main effect of factor education (F(2, 34) = 4.2, p =
.024, np? = .20), as well as a significant interaction gender*education (F(2, 34) = 6.5,
p = .004, np? = .28) were found for the variable repertoire. The interaction term
gender*education was also significant for the variable intensity (F(3.9, 60.8) = 3.8, p
=.032, np? = .18). Regarding LPP amplitude, no main effects of gender, educational
level, or any interactions were observed at electrode Cz. At electrode Pz, also no main
effects were found, but the interaction category*education (F(3.9, 60.8) = 2.6, p =
048, np? = .14), as well as category*education*gender (F(3.9, 60.8) = 4.0, p = .006,

np? = .21) were significant.

Discussion

The present study investigated emotional reactivity to negative, dementia-related, and
neutral pictures in PWAD, healthy older and young adults, as well as its relationship
with apathy and awareness. PWAD and young adults did not differ regarding
subjective emotional reactivity, whereas healthy older adults showed more extreme
ratings of valence and arousal. Negative pictures evoked more intense facial

expressions than dementia-related pictures, with young adults showing the least
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intensity. Moreover, negative pictures evoked more anger related expressions than
dementia-related pictures, and more disgust related expressions than neutral and
dementia-related pictures. The effects of valence and arousal of the pictures that were
reflected in subjective ratings and facial expressions, was surprisingly absent in the

ERP data. Older adults had smaller amplitudes than young adults and PwAD.

The pattern of our results supports relatively preserved emotional reactivity in PWAD.
Although some studies reported slightly decreased emotional reactivity in PWAD
(Drago et al., 2010; Eling et al., 2006; Mograbi, Brown, & Morris, 2012), our
findings are consistent with previous research showing that physiologic responses
(Chen et al., 2017; Hamann et al., 2000; Mograbi & Morris, 2013), as well as
subjective ratings (Baran et al., 2014; Burton & Kaszniak, 2006; Goodkind et al.,
2015; Hamann et al., 2000; Henry et al., 2009; Schultz et al., 2009) are preserved in
PWAD.

Healthy older adults showed heightened arousal ratings across all categories but
diminished neurophysiological responses. This is consistent with previous research
reporting smaller LPP amplitudes for negative and neutral stimuli (Mathieu et al.,
2014), as well as elevated arousal ratings for negative pictures (Grihn & Scheibe,
2008) in older compared to young adults. Also, when using age-relevant negative
film clips, older adults reported greater sadness than young adults in response to the
films (Kunzmann & Grihn, 2005; Kunzmann & Richter, 2009). Because
physiological activity in older adults was comparable to young adults, the authors
speculated that physiological and subjective reactions to emotional stimuli become
more disconnected with age, which could be accompanied by an increasing cognitive
influence on affective processes (Kunzmann & Richter, 2009). Olofsson and
colleagues (2008) argue that waveforms of affective ERPs could reflect coping
abilities for unpleasant situations, and therefore the emotional ERP reactivity could
depend on executive control capacities. PWAD in our study did not show such an age-
related decrease of neurophysiological responses, but rather indicated an elevation in
comparison to older adults. Therefore, our results could be in line with the ideas of
Kunzmann and Richter (2009) and Olofsson and colleagues (2008). A lack of
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cognitive control could make PwAD more prone to affective stimuli in their
environment, as also suggested by Sturm and colleagues (2013), and thus lead to
enhanced neurophysiological responses to emotional stimuli. Although speculation, it
would be interesting to further investigate the role of cognitive control mechanisms in

emotional reactivity for PWAD in future studies.

Furthermore, it has been proposed that stimuli which are personally relevant, could
drive emotional reactivity (Kunzmann & Griihn, 2005; Kunzmann & Richter, 2009).
Valence and arousal ratings of the included explorative dementia-related images were
different than for negative and neutral stimuli, but neither PwAD nor older adults
rated those pictures different than young adults. Our results show that potentially self-
relevant pictures are not subjectively perceived as more salient or affect-laden than
negative pictures by PWAD. This is in line with previous research (Mograbi, Brown,
& Morris, 2012), also suggesting that personal experience with dementia does not
lead to PWAD being more emotionally responsive to this topic. Nevertheless, we
found indications for elevated LPP amplitudes in PwAD compared to older and
young adults for dementia-related pictures in middle and late latency ranges, which
could indicate that these stimuli possess higher motivational significance for PwAD
becoming relevant in later processing stages. However, the quality of the dementia-
related pictures has not been validated with a bigger sample, or with older adults.
Even though we intended to present situations that indicate dementia related
situations, such as difficulty performing daily household tasks, i.e. eating or dressing,
or interactions with medical doctors, it is possible that participants perceived those
pictures merely as depicting older adults interacting with family members or in daily

life situations.

We also investigated associations between awareness, apathy, and emotional
reactivity. Higher levels of apathy were associated with smaller LPP amplitudes in
the early time window at electrode Cz for negative pictures in PWAD. Thus, apathy
led to a reduction of neurophysiologic responses to unpleasant pictures but did not
influence subjective ratings. A cognitive and an affective component of apathy could

be linked to different processes of emotional reactivity, and these aspects of apathy
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can be differently affected in dementia patients (Eling et al., 2006; Wei, Irish,
Hodges, Piguet, & Kumfor, 2019). Indeed, the AES includes questions about goal
oriented behaviors. A measure that focuses more on the affective component of
apathy could be more appropriate to investigate the relationship with emotional

reactivity on a subjective behavioral level.

Awareness scores were not correlated with subjective ratings, facial expressions, and
LPP characteristics. However, awareness of social impairments was related to
subjective arousal of dementia-related pictures. This is consistent with the content of
those pictures being highly social, showing older people interacting with other
persons in medical and caregiving settings. Furthermore, awareness of cognitive
deficits was correlated with LPP amplitudes for negative pictures. Awareness is a
multidimensional construct, that can be assessed for different domains (e.g.
awareness of cognitive deficits, behavioral problems, functionality level; Aalten, Van
Valen, Clare, Kenny, & Verhey, 2005), and each domain may influences different
constructs. Thus, awareness of disease as an overall score could be too broad to
investigate the relationship with affective reactions to emotional stimuli. On top of
that, higher levels of depression are typically associated with higher levels of
awareness (Aalten et al., 2006; Mograbi & Morris, 2014). Therefore, a possible effect
might not have been shown because of restricted variance in our sample due to the
exclusion of participants with clinical depression and with a high score on a

depression rating scale.

Unexpectedly, the differences that were evident between negative, neutral, and
dementia-related pictures in ratings of valence and arousal and in facial expressions,
were not reflected in the characteristics of the LPP. Although unusual, there are
several possible explanations. Whereas valence is thought to influence early
components, arousal level appears to influence relatively late components (Olofsson
et al., 2008; Olofsson & Polich, 2007). Thus, higher arousal leads to an increase in
attentional resources for affective picture processing related to motivational
significance of the stimulus (Olofsson et al., 2008; Weinberg & Hajcak, 2010).

Indeed, studies show increased LPP amplitudes for high- compared to low-arousal
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stimuli (Feng et al., 2014; Mathieu et al., 2014). The mean arousal values of neutral
pictures derived from the IAPS that were used in other studies, which found a
difference between negative and neutral stimuli, were much smaller than those used
in our study (3.43 in our study compared to < 3.0 in e.g., Chen et al., 2018; Mathieu
et al., 2014; Weinberg & Hajcak, 2010). This is also true for the dementia-related
pictures that had slightly higher arousal ratings than neutral stimuli. In relation with
this point, all images, including the neutral ones, depicted people or human body
parts, whereas other studies typically used a mixture of landscape, object and animal
pictures in the neutral category (Weinberg & Hajcak, 2010). It has been shown that
neutral images that depict people attract more attention and elicit larger LPPs than
pictures without people (Ito & Cacioppo, 2000; Weinberg & Hajcak, 2010). Finally,
all pictures were presented randomly in the present study. To our knowledge, the
effect of block- versus randomized designs on the LPP has not yet been tested, but
several interferences like surprise and local probability effects (Weinberg & Hajcak,
2010), as well as carry-over effects from negative to neutral stimuli could influence
the amplitude of the LPP. These would have to be tested in future studies to gain a
clearer understanding of additional factors that might influence the LPP.
Nevertheless, it seems likely that a combination of these factors could have
contributed to elevated LPP amplitudes in neutral and dementia-related pictures in the
present study, so that differences between the emotional categories are not evident in

our study.

Limitations

Some limitations of the present study must be mentioned. Even though the effects
found in this study had medium and large effect sizes, the sample sizes, especially for
PwWAD, were quite small. This could have led to power issues leading to effects not
reaching significance despite reasonable effect sizes. Moreover, significant
differences in age between PwWAD and older adults, as well as regarding gender and
education between groups were found. For ratings, no influences of gender or

education were significant, whereas both variables had a limited influence on
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neurophysiological responses. The biggest influence was found for intensity and
repertoire of facial expressions. Kunzmann and Richter (2009) systematically tested
the effects of gender and education on emotional reactivity. The authors found only
little evidence that gender and education level make a difference in subjective and
autonomic emotional reactivity. However, age is known as a variable that influences
emotional reactivity, with many studies having shown an association between aging
and alterations in processing of emotional stimuli, including decreased physiologic
responses (Hajcak et al., 2012; Mathieu et al., 2014). PwWAD in our sample did not
differ from young adults, but only from older adults regarding subjective ratings, and
furthermore showed elevated neurophysiologic responses compared to older adults.
Therefore, it is unlikely that the higher age of PwWAD is the factor causing these
differences in emotional reactivity. Another factor that might have influenced our
results could be cultural differences in emotional reactivity (Olofsson et al., 2008).
Since our study was conducted in Brazil, cultural differences could complicate
comparisons with results from studies that were conducted for example in North
America or Europe. Research on emotional reactivity in PwWAD is still scarce, and
basic processes of emotional reactivity have yet to be investigated in this population.
Therefore, we recommend to also include positive stimuli in future studies to explore
PwAD’s reactions to a broader emotional spectrum, as well as to maximize the
difference between physiological responses to affective stimuli as discussed above.
An alternative possibility could be the use of GIFs or film clips instead of pictures,

which possess higher ecological validity (Goodkind et al., 2015).

Conclusion

We investigated emotional reactivity to negative, neutral and possible self-relevant
stimuli in PwWAD, healthy older, and healthy young adults. Emotional reactivity in
this sample of PwWAD was similar to young adults, whereas older adults showed
elevated subjective ratings and diminished physiological responses. In line with
previous research, physiological and subjective reactions to emotional stimuli might

become more disconnected with age which could be due to an increasing cognitive
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influence on affective processing (Kunzmann & Richter, 2009). We suggest that a
lack of cognitive control mechanisms could be the reason why PwAD showed
heightened neurophysiologic responses compared to older controls. It is important to
further investigate PwAD’s emotional processing capacities. In the presence of
cognitive decline, preserved emotional abilities are not only an important point to
consider for therapies, but also for the management of patients, for example by
integrating emotional cues in PwAD’s daily life. Focusing on, and thus using
capacities that are still preserved, will benefit the quality of life of patients and

caregivers much more than focusing on lost abilities.
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Tables

Table 1 — Sociodemographic and clinical characteristics of participants.

PWAD (n =15) Older adults (n =18) Young adults (n = 24)
Variable Mean (SD) / Range  Mean (SD) / Range Mean (SD) / Range
Age 78.0 (8.8) / 62-91 68.5 (5.6) / 61-82 22.5(3.4)/18-29
Sex* 8/7 17/1 9/15
Primary education® 7 (46.7) - —
High school education® 3 (20.0) 2(11.1) —
University degree” 5(33.4) 16 (88.9) 24 (100.0)

ACE-R

47.8 (13.3) / 23-70

MMSE 16.1 (5.4)/8-25 27.7 (1.8) / 24-30 29.1(0.7) / 28-30
AES 49.6 (10.7) / 29-63 24.2 (3.1)/18-29 =
ASPIDD total score 13.3(6.7) / 3-26 — —

Cognition 4.0(2.1)/0-8 — —

ADL 49 (2.5)/-1-9 - -

Affective 2.9(2.9)/-2-9 - —

Social 15(1.9)/-1-5 - —

PUC-Rio- CertificagcaoDigital N° 1613384/CA

* absolute numbers female/male; " absolute numbers (%); SD — standard deviation; ACE-R — Addenbrooke’s
Cognitive Examination — Revised, < 83 points = cut-off score for presence of dementia (maximum score = 100);
MMSE — Mini Mental State Examination, < 24 points = cut-off score for presence of cognitive impairment (maximum
score = 30); AES — Apathy Evaluation Scale, higher scores indicate higher levels of apathy (total range 18 — 72
points), apathy was measured as caregiver report for PWAD and as self-report for healthy older adults; ASPIDD —
Assessment Scale of Psychosocial Impact of the Diagnosis of Dementia (total score and sub-scales); ADL — activities
of daily living.
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Table 2 — Latency values for the LPP in the early time window
at electrodes Cz and Pz.

PWAD Older adults  Young adults
Electrode Mean (SD) Mean (SD) Mean (SD)
Category
Cz
negative 449.1 (76.5) 403.3(83.1) 429.9 (56.5)
neutral 418.4 (71.2)  414.2 (69.6) 418.5 (66.5)
dementia 436.3 (101.1) 425.2 (74.1) 398.8 (42.2)
Pz
negative 480.6 (79.6) 360.8 (101.6) 414.4(62.9)
neutral 383.1(85.2) 422.4(75.8) 404.8 (64.2)

dementia  454.6 (141.1) 389.1(80.1)  396.1 (47.3)

Mean and standard deviation (SD) for LPP latencies at electrodes Cz and Pz
for PWAD (n = 7), older (n = 10), and young adults (n = 16). 50 % fractional
area latencies (in ms) were computed in the early time window 200 - 800 ms
after stimulus onset.
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Table 3 — Amplitude values for the LPP at electrodes Cz and Pz in the early, middle,
and late time windows after negative, neutral, and dementia-related pictures.

PUC-Rio- CertificagcaoDigital N° 1613384/CA

PwWAD Older adults Young adults

Electrode Mean (SD) Mean (SD) Mean (SD)

Category
Czearly

negative 3.8(2.1) 3.0(2.4) 4.7 (2.1)

neutral 2.9 (2.0) 3.2(1.7) 4.8 (2.3)

dementia 3.6 (3.1) 2.4 (1.9) 45 (1.8)
Cz middle

negative 2.0 (2.0) 0.5 (0.6) 1.2(14)

neutral 1.8 (2.0) 0.7 (0.9) 15(1.2)

dementia 1.4 (1.6) 0.3(0.4) 0.7 (0.6)
Cz late

negative 2.0 (2.0) 0.3(0.4) 0.9 (1.0)

neutral 2.2 (2.4) 0.6 (1.3) 1.3(14)

dementia 1.1 (1.8) 0.2 (0.3) 1.3 (1.6)
Pz early

negative 4.1 (2.4) 2.0 (2.0) 3.3(2.2)

neutral 2.3(1.9) 2.6 (1.6) 3.9 (2.0)

dementia 34 (3.1) 1.9(1.7) 3.6 (1.5)
Pz middle

negative 2.2 (2.1) 0.3(0.5) 0.6 (0.8)

neutral 1.4 (2.3) 0.4 (0.6) 1.2 (1.2)

dementia 2.0 (1.8) 0.4 (0.7) 0.7 (0.6)
Pz late

negative 1.4 (1.8) 0.1(0.2) 0.6 (0.8)

neutral 2.5(3.7) 0.4 (1.1) 1.0(1.1)

dementia 2.1(2.9) 0.4 (0.7) 1.1(14)

Mean and standard deviation (SD) for LPP amplitudes at electrodes Cz and Pz for PwAD (n = 8), older
(n = 11), and young adults (n = 16). Positive area amplitudes (in uVs) were computed in the early (200 -
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800 ms), middle (800 - 1400 ms) and late time windows (1400 - 2000 ms) after stimulus onset relative
to baseline (200 ms prior stimulus onset).
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Figures

Fixation
500 ms

Instruction
1700 - 2000 ms

Negative, neutral or
dementia image

Rating
SAM arousal
no time limit

Rating
SAM valence
no time limit

ISI
1000 ms

Figure 1 — Schematic representation of a trial in the emotional reactivity task. After passively viewing
a negative, neutral, or dementia-related picture, participants rated how they felt after viewing the image
on two scales (arousal and valence) of the Self-Assessment Manikin (SAM). ISI — inter stimulus
interval.
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Figure 2 — Representation of means of valence ratings over all trials for the three picture categories
negative, dementia-related, and neutral for PWAD (n = 15), older adults (n = 17), as well as young

adults (n = 24). Error bars indicate +/- one standard error.
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Figure 3 — Representation of means of arousal ratings over all trials for the three picture categories
negative, dementia, and neutral for PwAD (n = 15), older adults (n = 18), as well as young adults (n =
24). Error bars indicate +/- one standard error.
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Figure 4 — Stimulus-locked LPP waveforms at electrodes Fz, Cz, Pz, and Oz from PWAD (n = 8), older (n = 11) and young adults (n = 16) for negative (solid line), neutral
(dash-dotted line), and dementia-related (dotted line) images in the time window -200 - 2000 ms after stimulus onset (positive voltage is plotted up). The period of 200 ms

before stimulus onset was used as baseline. A 20 Hz low-pass filter was applied to grand-average waveforms for better visualization.
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Abstract

Empathy is essential for social interaction and a crucial trait to understand the
intentions and behaviors of others and to react accordingly. Alzheimer’s disease
(AD) affects both cognitive and emotional processes and can lead to social
dysfunction. Empathy results from the interaction of four components: shared neural
representation, self-awareness, mental flexibility, and emotion regulation. This
review discusses the abilities and deficits of patients with AD from the perspective of
subcomponents of empathy and integrates these facets into a model of human
empathy. The aim was to investigate the components that are affected by AD and the
ways in which patients are still able to empathize with others in their social
environment. It concludes that AD patients show a pattern of relatively preserved
affective aspects and impairments in cognitive components of empathy and points

out specific areas with the need for further research.

Key words

Dementia; affective sharing; awareness; mental flexibility; emotion regulation
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Introduction

Humans are social beings, and our repertoire for understanding others is manifold.
For example, we are able to cognitively understand the thoughts, beliefs, and
intentions of others, an ability referred to as “mentalizing” or “Theory of Mind”
(ToM). The discovery of mirror neurons (Gallese, Fadiga, Fogassi, & Rizzolatti,
1996; Rizzolatti, Fadiga, Gallese, & Fogassi, 1996) provided evidence of humans’
ability to understand the motor intentions of others, based on shared neural
representations. Additionally, there is an “emotional route” for the understanding of
others, called emotional contagion. Cognitive and emotional abilities to share and
understand thoughts, beliefs, and intentions of others have often been called
cognitive empathy and emotional empathy. Decety and colleagues (Decety, 2011;
Decety & Jackson, 2004; Decety & Meyer, 2008; Decety & Moriguchi, 2007; Decety
& Svetlova, 2012) integrated the concept of shared representations with cognitive

and affective aspects in a model of human empathy.

Empathy is a crucial ability for comprehending the intentions and behaviors of others
and adapting our own behavior to achieve successful interpersonal social functioning
(Leiberg & Anders, 2006). Cognitive and emotional components appear to be closely
intertwined to create successful social functioning through our ability to empathize.
Hence, investigating empathy in patients who suffer from cognitive and emotional
deficits is a promising line of research to shed light on social dysfunction in these

patients.

An estimated 46.8 million people worldwide suffer from dementia, and this number
is projected to nearly double every 20 years (Prince et al., 2015). Alzheimer’s disease
(AD) is the leading cause of dementia worldwide. It is characterized as a progressive
neurodegenerative disorder, whereby patients are often considered to have primarily
cognitive impairments. However, dementia also clearly involves deficits in emotional
processing that lead to behavioral dysregulation (Wright, 2011). Two factors that
may decisively affect the treatment of people with dementia (PwD) are changes in
social cognitive aspects and emotional processing, and both have great relevance to

everyday life and social relationships.
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Of the diverse changes that accompany dementia, progressive deficits in social
functioning that can cause problems with daily life, social difficulties, and social
isolation are likely to be more stressful for patients and their caregivers than
cognitive symptoms. Coen et al. (1997) emphasized that behavioral and
psychological symptoms of dementia (BPSD) are often more demanding for nursing
staff and patients’ relatives than cognitive symptoms. BPSD range from aggression,
anxiety, and depression to apathy and agitation (Hughes, 2011). In the case of AD,
such symptoms as anosognosia and low functionality in daily life can lead to
substantial caregiver burden, which is potentially linked to interpersonal stress
(Clare, Nelis, Martyr, Roberts, et al., 2012; Starkstein, 2014). Although the changes
may be subtle, there seems to be some preservation of emotional competencies
(Blessing, Forstmeier, & Eschen, 2014) and interpersonal functioning in AD patients
compared with other dementias (Dermody et al., 2016; Fernandez-Duque, Hodges,
Baird, & Black, 2010).

Initial research focused on cognitive impairments in AD patients, with less attention
devoted to emotional deficits and competencies. In recent decades, however, the
integration of emotional aspects in studies of AD has increased. Nevertheless, more
research is needed in this field to explore emotional processing abilities in AD
patients. Empathy plays an important role in successful socioemotional functioning.
The present review discusses the extent to which AD leads to difficulties in the
ability to empathize. Better insights into the empathic abilities of AD patients could
help elucidate social dysfunction and promote interventions that seek to improve the
quality of life of AD patients. We review current findings on empathy in AD and
integrate these findings with the model of human empathy that was proposed by
Decety and colleagues (Decety, 2011; Decety & Jackson, 2004; Decety & Meyer,
2008; Decety & Moriguchi, 2007; Decety & Svetlova, 2012).

A model of human empathy

The model of empathy that was proposed by Decety and colleagues includes
affective bottom-up and cognitive top-down processes that regulate the empathic
response. The articles by Decety and colleagues (Decety, 2011; Decety & Jackson,
2004; Decety & Meyer, 2008; Decety & Moriguchi, 2007; Decety & Svetlova, 2012)
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provide a detailed overview of the development of empathy and its subcomponents
and different and overlapping neural correlates that underlie these components. The
present review focuses on components of empathy and the ways in which they are
affected by AD.

Decety and Jackson (2004) defined empathy according to Ickes (1997) as a complex
form of psychological inference, in which observation, memory, knowledge, and
reasoning are combined to yield insights into the thoughts and feelings of others.
Despite the fact that empathy is considered a necessary precursor for prosocial
behavior, it also helps us predict the behaviors of others and react accordingly
(Klimecki & Singer, 2013).

Evolved biological predispositions build the bases for the development of empathic
feelings and behavior through emotional bonds and social interaction (Decety &
Moriguchi, 2007). Self-other-awareness and the self-regulation of emotions are
important conditions for human empathy. Furthermore, empathy involves the
affective experience of the others’ actual or inferred emotional state and
understanding their emotional experience. The former is defined as the ability to
share the emotional experience of another person and constitutes the affective
component of empathy, which does not require conscious awareness. The latter can
be viewed as its cognitive component and implies some minimal mentalizing ability
and mental flexibility to adopt the subjective viewpoint of the other person (Decety
& Jackson, 2004).

According to Decety and colleagues, there are four macrocomponents of empathy
that are underpinned by specific neural systems: shared neural representation, self-
awareness, mental flexibility, and emotion regulation. These components are
combined to create their model of empathy (Figure 1), which is composed of three
major functional components that dynamically interact to produce the experience of
empathy in humans: affective sharing between the self and others (based on shared
neural representations), self-other-awareness (self-awareness without confusion
between the self and others), and mental flexibility (to adopt the subjective
perspective of others and includes also regulation processes). Brain areas associated
with affective sharing include the inferior parietal lobule, posterior superior temporal

sulcus, anterior insula, premotor cortex, and the anterior cingulate cortex. The
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temporoparietal junction, temporal pole, posterior cingulate cortex, and medial
prefrontal cortex are related to mentalizing (Zaki & Ochsner, 2012). The medial
prefrontal cortex has been shown to be also involved in self-other differentiation
(Kalenzaga & Clarys, 2013).

PLEASE INSERT FIGURE 1 HERE.

Decety and colleagues emphasized that both affective and cognitive components are
crucial for creating the phenomenological experience of empathy through a dynamic
interaction. For example, affective sharing without self-other-awareness results in
emotional contagion. De Vignemont and Singer (2006) also stated that empathy must
be distinguished from related concepts, such as mentalizing, emotional contagion,
sympathy, and empathic concern. Although the components of the model of empathy
interact to create empathy, one must keep in mind that they are still distinct

processes.

Alternative models of empathy include the Perception-Action Model (PAM) by
Preston and de Waal (2002). At the core of the PAM is a mechanism that leads to a
similar emotional state in the empathizer through motor mimicry and emotional
contagion (De Waal & Preston, 2017), but it also addresses more complex forms of
empathy like for example emotion regulation and experience. Even though the
authors acknowledge that mirror neurons cannot produce empathy only by
themselves, the PAM emphasizes the role of mirror neurons located in the inferior
frontal gyrus and parietal cortices as a neural basis of shared representations of
perception and action (Preston & de Waal, 2002). The basis of the PAM is in
accordance with the perception-action coupling suggested in the model by Decety

and colleagues that lead to shared representations.

Another alternative is the self to other model of empathy (SOME) by Bird and
Viding (2014), which suggests five systems and a self/other switch to create empathy
in the observer. It includes two input and appraisal systems that rely on deductive
reasoning or associations with relevant stimuli, as well as on person-level cues like
tone of voice or facial expression to signal another person’s affective state. This

model also includes a mirror-neuron system that can lead to emotional contagion but
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is, according to the authors, not necessary for empathy to occur. The last two systems
are the theory of mind system, which represents the mental state of the self and the
other, and a system including the current affective state of the self simulating the
other’s emotional state if affective sharing took place. We decided for the model by
Decety and colleagues as the basis for investigating empathy in AD because it is a
well-established and clearly structured model that allows for the investigation of its
sub-components. Furthermore, the models have some overlap, with all of them
assuming an affective empathy component as a bottom-up affective sharing
mechanism, which keeps the distinction between the self and the other, as well as

top-down cognitive control mechanisms like regulation and perspective taking.

Search strategy and selection criteria

A comprehensive review of the literature was performed using electronic databases

(PubMed, Google scholar) for papers published in English including keywords and

99 <¢ 2 ¢¢

synonyms associated with “empathy,” “affective sharing,” “contagion,” “self-other-

29 ¢ 29 ¢ 99 ¢

awareness,” “self-other distinction,” “mental flexibility,” “regulation,” “perspective
taking,” and “theory of mind (ToM)” paired with the keyword “Alzheimer” and
“AD”. We manually searched the reference lists of identified articles for additional
papers to supplement the electronic search, which was conducted until September
2018, without restrictions for time. We included reviews and meta-analyses that
investigated  relevant  constructs  (empathy and/or  subcomponents) in
neurodegenerative diseases only if they included AD patients. Studies were included
when they compared AD patients to a healthy control group and/or pre-illness state.
An exception is the study by Ramanan et al. (2017), which does not include a healthy
control group, but was considered relevant because of its data-mining and statistical
modeling approach.

The section “self-other-awareness” focused on the distinction between the self and
the other, but the amount of studies here is scarce. Nevertheless, we also included a
few studies on self-awareness in AD. The literature on self-awareness and
anosognosia in AD is vast and since this was not a focus of our review, we just
intended to give a broad overview over this topic here. Information about authors and
article type, as well as descriptions of used methods and relevant results of included

studies can be found in the supplementary material (Supplementary Table 1).
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Empathy in Alzheimer’s disease

Unfortunately, studies that have investigated empathy in dementia, especially AD,
are still relatively scarce. Moreover, the majority of studies used the Interpersonal
Reactivity Index (IRI), a questionnaire to assess empathy. It consists of four
subscales, perspective taking and fantasy to measure cognitive empathy, and
empathic concern and personal distress to assess affective empathy. One study was
recently conducted by Dermody and colleagues (2016). They investigated cognitive
and affective aspects of empathy in dementia patients using caregiver ratings on the
IRI. The results showed that AD patients were only impaired in cognitive aspects of
empathy compared with healthy age- and education-matched controls, whereas
affective components were preserved. These deficits were related to predominantly
left-sided temporoparietal atrophy. Statistically controlling for overall cognitive
dysfunction ameliorated the empathy-related cognitive deficits in AD patients, and
the authors concluded that socioemotional deficits mainly arise because of global
cognitive dysfunction rather than a loss of empathy itself in AD patients. These
findings are in line with the results from a study by Narme and colleagues (2013).
The authors found that the AD group differed from healthy controls only on the
perspective taking subscale of the IRI after statistically controlling for age and
gender. The study by Rankin and colleagues (2006) also supports these results, and
furthermore, did not find direct anatomic evidence of empathy loss in AD patients.
Synn and colleagues (2018) reported lower scores for affective and cognitive
empathy in AD patients relative to healthy controls by using caregiver ratings of the
empathic concern and perspective taking subscale of the IRI. Moreover, the authors

did not find differences to patients with frontotemporal dementia (FTD).

In contrast, Alladi et al. (2011) did not find impairments in affective or cognitive
aspects of empathy in AD patients, based on caregiver ratings on the IRl comparing
scores before and after disease onset. Another study using caregiver informed IRI
ratings supports these results by also not finding significant differences on any of the
four subscales between AD and healthy controls (Rankin, Kramer, & Miller, 2005).
Moreover, a study by Hsieh and colleagues (2013) did not find significant
associations between loss of empathy in AD patients, measured with the IRI, and
carer variables like burden and relationship quality. Fernandez-Duque and colleagues

(2010) used more naturalistic stimuli to examine empathy in dementia. Three people
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had given an interview about emotionally relevant events in their lives. The
participants in the study watched a video of these interviews and were asked to
answer questions about the feelings of these three people. AD patients exhibited no
impairment in inferring the people’s emotions in the first two videos, which showed
clear positive and negative emotions. The emotions that were displayed in the third
interview were more ambiguous and variable. The video presented a mother who had
more ambiguous feelings about her recent motherhood. In this case, the AD patients’
performance became impaired relative to healthy older adults. The AD patients
presented an overoptimistic bias, meaning they endorsed a more positive description
of the third interviewee compared with the healthy controls. The authors (Fernandez-
Duque et al., 2010) explained this result from the perspective of a global
discrimination hypothesis. They concluded that AD patients might have relied on a
global judgment about the interviewee’s overall feelings and situation rather than
trying to decode each particular thought or emotion. They also stated that the exact
mechanism of this bias was unclear. In accordance with their conclusion, one could
infer that these results reflect cognitive impairment in perspective taking or a simpler
and less nuanced understanding of more subtle emotional contents (i.e., motherhood
in general is considered a happy event).

These studies reported different results with regard to empathy in AD, ranging from
no difficulties at all to exclusively cognitive empathy impairments to problems only
in inferring more complex and sophisticated emotions. Nevertheless, most studies
reported AD patients to be able to experience empathy despite their deficiency in
certain cognitive and affective domains. Furthermore, recent reviews also point to a
relative preservation of affective empathy and a loss in cognitive empathy, which is
related to the overall cognitive decline including ToM and perspective taking
abilities (Bartochowski, Gatla, Khoury, Al-Dahhak, & Grossberg, 2018; Christidi,
Migliaccio, Santamaria-Garcia, Santangelo, & Trojsi, 2018; Desmarais, Lanct6t,
Masellis, Black, & Herrmann, 2018). The following sections take a closer look at the
components of empathy to address the issue of which of them may be more

compromised in AD.
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Affective sharing

This process is based on the fact that perception and action are functionally
intertwined in the human nervous system, and this perception-action coupling leads
to shared representations (Decety, 2011; Decety & Jackson, 2004; Decety & Meyer,
2008; Decety & Moriguchi, 2007). Shared representations between the self and
others mean that the perception of a given behavior in others automatically activates
the representation of that behavior in the self (Preston & de Waal, 2002), thus

leading to the process of affective sharing.

Before considering affective sharing from the perspective of AD, a fundamental
issue is whether AD diminishes such basic skills as facial expression recognition
because the most accessible information that specifies an individual’s affective state
is information that is conveyed through the face (McLellan, Johnston, Dalrymple-
Alford, & Porter, 2008). Klein-Koerkamp and colleagues (2012) found in a meta-
analysis that AD patients were significantly impaired in their emotion decoding
abilities. These difficulties were found in various emotional tasks, for various
stimuli, for different types of emotion, and for different degrees of disease severity.
After the authors controlled for the cognitive deficits, the patients’ emotional abilities
were still worse than those of healthy controls. The authors (Klein-Koerkamp et al.,
2012) concluded that the impairments in emotion decoding abilities in AD patients
cannot be solely explained by cognitive deficits. McLellan et al. (2008) reported
similar results in their literature review. However, these authors emphasized that
because of the very different results that have been reported in the literature, the issue
of whether AD patients are generally impaired in their ability to accurately decode
emotional facial expressions remains unresolved. Furthermore, unclear is whether
these deficits are caused by a general cognitive decline or verbal or spatial deficits or
whether it reflects an impairment in specific emotion-processing mechanisms,

although they could not find clear evidence of the latter (McLellan et al., 2008).

Other studies found different results. For example, Bucks and Radford (2004)
reported a relatively preserved ability to recognize and identify non-verbal affective
cues in emotional facial expressions and emotional prosody in AD patients, but they
did observe a decline in general cognitive ability. Moreover, the authors could also

not confirm differences in the recognition of different emotions (i.e., happiness,
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sadness, anger, fear, and neutral) among AD patients. Studies by Torres and
colleagues (2015) and Phillips et al. (2010) provided evidence that AD patients
present emotion decoding impairments, especially when facial expressions become
subtler (Phillips et al., 2010) or when complex emotional situations are involved
(Torres et al., 2015). Kemp and colleagues (2012) suggest that emotion perception
deficits in AD could be secondary to their cognitive deficits, rather than a primary

impairment in the perception of emotion.

Similar to the aforementioned studies that investigated empathy in AD, a cognitive
component seems to contribute to the emotional decoding deficits that are found in
some studies. Additionally, two of the aforementioned studies also point to
difficulties in the perception of more complex emotions. Although there is no
systematic pattern of a deficit with regard to basic emotional processing, current
evidence suggests that AD leads to some type of impairment in emotional decoding

abilities.

Another important point is the mirror neuron network that plays a key role in
affective sharing (Bird & Viding, 2014; Decety & Jackson, 2004; Preston & de
Waal, 2002). Disruptions of the mirror neuron network in the inferior parietal cortex
have been associated to prodromal AD (Moretti, 2016; Poletti & Bonuccelli, 2013;
Rapoport, 1989). A recent study supports this hypothesis and found a gradual
posterior-anterior decline of the mirror neuron network related to the AD pathology
(Farina et al., 2017).

Nevertheless, Sturm and colleagues (2013) found a linear increase in emotional
contagion in mild cognitive impairment (MCI) and AD patients. To our knowledge,
this is the only study to date that explicitly investigated emotional contagion in AD.
According to these results, AD appears to increase the affective aspect of empathy,
meaning that AD patients may be more sensitive to affective sharing than healthy
controls. This result needs to be confirmed in future studies. Moreover, the authors
used caregivers’ ratings on the IRI as a measure of emotional contagion instead of
using a naturalistic experimental setting. Nonetheless, they confirmed their results on
the neuronal level. Using structural magnetic resonance imaging (voxel-based
morphometry), they found an association between the degradation of temporal lobe

structures (i.e., smaller volume in the right inferior, middle, and superior temporal
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gyri, right temporal pole, anterior hippocampus, parahippocampal gyrus, and left
middle temporal gyrus) and an up-regulation of emotional contagion. These temporal
lobe structures play an important role in affective signal detection and emotion
inhibition. One explanation could be that less efficient emotion inhibition leads to a
change in interpersonal emotional reactivity and thus to a dysregulation of emotional
contagion in the sense of an intensification of automatic affective sharing (Sturm et
al., 2013).

This greater ability for affective sharing can be viewed as an advantage that perhaps
partly compensates for cognitive deficits in AD with regard to empathy. In contrast,
the disinhibition of emotional contagion may make AD patients more vulnerable to
negative emotions that are expressed by people in their social environment, which

could lead to greater anxiety (Sturm et al., 2013).

Shared representations between the self and others provide a neurophysiological
basis for social cognition through the automatic activation of motor representations
or emotions (Decety & Jackson, 2004). According to the model of human empathy,
the mechanism of affective sharing is necessary but not sufficient for empathic
understanding. Two other important aspects are self-other-awareness and mental

flexibility, which are discussed in the following sections.

Self-other-awareness

Knowledge of the mental states of others is based on knowledge of the self. A
reasonable assumption is that other-awareness implies consideration of the
perspective of another person. However, self-awareness (i.e., to see the self as an
object of knowledge) also requires a capacity for secondary representation (Decety &
Jackson, 2004). Although some conditions can lead to impairments in the sense of
self, such as somatoparaphrenia and psychosis, we usually do not confuse the self
and others. To maintain a distinction between these two and to determine the source
of feelings, empathy is crucial (Decety, 2011; Decety & Jackson, 2004; Decety &
Meyer, 2008; Decety & Moriguchi, 2007; Decety & Svetlova, 2012).

Unfortunately, studies that investigate self-other-awareness and the distinction
between self and other in AD patients are scarce. Studies in the field of self-

awareness indicate a decline in AD patients with regard to the self-appraisal of
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cognitive, behavioral, and physical traits (Zamboni et al., 2013), memories of words
that were previously recorded in the patient’s own voice (Bond et al., 2016), ratings
of the patient’s own task performance (Mograbi, Brown, Salas, & Morris, 2012) and
cognitive and emotional functioning (Shany-Ur et al., 2014) among others. Shany-Ur
and colleagues (2014) state that self-awareness involves modality-independent as
well as modality-specific anatomical regions. The authors found that overestimation
of functioning in PwD is related to atrophy in dorsal frontal, orbitofrontal and

subcortical regions, like the anterior insula, thalamus, putamen and caudate.

Moreover, Mograbi, Ferri et al. (2012) found that between 63% and 81% of PwD,
including AD patients, suffer from self-awareness impairments, especially regarding

their own cognitive abilities.

In contrast, the results of other-awareness in AD are more ambiguous. A study by
Zamboni and colleagues (Zamboni et al., 2013) did not find significant discrepancies
between AD patients’ ratings of cognitive, behavioral, and physical traits of another
person and the other persons’ ratings himself, while being less able to rate
themselves on a list of traits. These higher discrepancies for questions regarding
themselves were related to decreased activation in medial prefrontal and anterior
temporal regions, whereas there were no differences in MCI or control groups for

neither self- nor other-condition.

Furthermore, Bond et al. (Bond et al., 2016) found that AD patients” memories of
words that were presented in the voices of others were less consistently affected than
when it was the patient’s own voice. By contrast, Mograbi and colleagues (Mograbi,
Brown, Landeira-Fernandez, & Morris, 2014) found that AD patients differed from
healthy older adults in terms of ratings of the performance of an imagined other.
Patients suggested that others of similar age would do as well as they themselves
would do in memory and reaction time tasks, despite their cognitive impairments.
This is consistent with their lack of self-performance awareness, but it also
demonstrates their difficulties in assuming the perspective of others. A study by
Ruby et al. (Ruby et al., 2009) investigated AD patients’ awareness of personality
traits of the self and another person from both first- and third-person perspectives.
The results indicated a decline of accuracy in self-awareness in AD patients and

impairments in the judgment of personality traits of another person. The authors
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concluded that to appropriately attribute social emotions (e.g., selfishness,
boringness, and politeness) to oneself or another person, a third-person perspective is
needed, which is perhaps a notable impairment in AD patients. During the self-
personality assessment, AD patients showed stronger recruitment of the intraparietal
sulcus than control participants. When assessing their personality from a third-person
view, the posterior dorsomedial prefrontal and orbitofrontal cortex were more
activated than in elderly controls, but similar to young controls. While the authors
interpret the first result as a familiarity-based reliance on non-updated personal
semantic information to assess the self, they suggest that AD patients, due to their
memory deficits, rely more on inferring and monitoring when evaluating the self

from a third-person perspective (Ruby et al., 2009).

Self-awareness in AD is likely affected by cognitive impairments, more specifically
episodic memory impairments that lead to difficulties in updating representations of
the self (Mograbi, Brown, & Morris, 2009). Such episodic memory impairments are
referred to as mnemonic anosognosia (Morris & Mograbi, 2013). It has also been
suggested anosognosia may be executive in nature, with difficulties in error
monitoring and metacognition that underpin unawareness of the disease. The neural
networks that mediate executive functions show some overlap with those that support
perspective taking (Hynes, Baird, & Grafton, 2006; Saxe & Powell, 2006; Shamay-
Tsoory, Tibi-Elhanany, & Aharon-Peretz, 2006), so neurodegeneration at these sites
may lead to both self- and other-unawareness. Moreover, it has been shown that the
medial prefrontal cortex, that is involved in differentiating between the self and
others, is impaired in AD patients (Rosen et al., 2010; Salmon et al., 2006; Wang et
al., 2006). Nevertheless, AD patients more accurately identify dementia in others
than in themselves (Clare, Nelis, Martyr, Whitaker, et al., 2012). This was
investigated using a vignette method, whereby PwD could frequently correctly
identify the problems of the depicted persons with dementia or healthy aging,
although they scored lower than controls. Evidence of greater awareness of others in
unaware patients has also been suggested in other conditions (Bertrand, Landeira-
Fernandez, & Mograbi, 2016). Considering these studies, Morris and Mograbi
(Morris & Mograbi, 2013) proposed a revised cognitive awareness model (CAM), in
which different modules store self and non-self information, thus including the

possibility of impairments in self-awareness with preserved other-awareness.
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Self-other-awareness develops in early childhood (Asendorpf & Baudonniére, 1993),
based on knowledge about the self and dynamic interrelations with others (Decety &
Jackson, 2004). A reasonable assumption is that AD patients are able to maintain the
distinction between the self and others. Bond et al. (Bond et al., 2016) reported that
AD patients could successfully attribute tactile events to the self vs. external agents,
indicating that AD patients retain intact tactile body schema processing and are able
to distinguish between the self and others. This may suggest that problems in self-
awareness in AD are more pronounced for knowledge about the “AD-self” rather

than reflecting a general disability of self-other-awareness.

Mental Flexibility and Self-Regulation

As mentioned above, empathy can be felt in a variety of situations which requires us
to adopt more or less consciously the subjective perspective of another person, which
is also called mentalizing or ToM (Klimecki & Singer, 2013). For this purpose, some
form of active inhibitory mechanism is necessary to regulate the own perspective to
allow cognitive and affective flexibility in evaluating the perspective of another
person. Moreover, top-down information processing and control, such as self-
regulation, are also needed to modulate one’s own emotions in order to not be
overwhelmed by them and to not experience them as aversive (Decety, 2011; Decety
& Jackson, 2004; Decety & Moriguchi, 2007). Thus, appropriate emotion regulation
strategies play an important role in managing and optimizing intersubjective
transactions between the self and others; in doing so, such strategies allow for

empathic experiences (Decety & Jackson, 2004).

Goodkind and colleagues (2010) examined instructed and spontaneous emotion
regulation in dementia patients and age-matched healthy controls. They presented an
aversive acoustic startle stimulus to the participants under three conditions: (i)
unwarned without instructions to downregulate their emotions, (ii) warned without
instructions to downregulate, and (iii) warned with instructions to downregulate. The
investigators measured overall somatic activity and emotional facial expressions. The
downregulation of emotions in terms of somatic activity did not differ between
groups. With regard to emotional facial expressions as a marker of downregulation,

AD patients only presented moderate impairment in the “warned with instruction”
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condition, in which they were less able to downregulate their emotions compared
with controls. The authors concluded that this deficit in AD was caused by greater
cognitive demands (e.g., remembering a countdown until the startle stimulus
appeared, tracking its progress, and remembering the instructions) that were inherent
to the instructed downregulation. However, because of their relatively good
performance in the “warned without instruction” condition, the authors conclude that
AD patients were able to naturally downregulate their emotional response to an
aversive stimulus. Thus, AD patients appear to be able to regulate their emotions
successfully in situations that do not overtax memory and other cognitive resources
(Goodkind et al., 2010). Another group of dementia patients that was investigated
suffered from frontotemporal lobar degeneration (FTLD). In contrast to AD patients,
this group was unable to spontaneously downregulate their emotions. The authors
concluded that this pattern is consistent with the lack of social concern and social
inappropriateness, which are important symptoms of FTLD (Levenson & Miller,
2007).

In AD patients, Nash et al. (Nash et al., 2007) did not find differences in perceived
emotion regulation capacity that was measured by the Difficulties in Emotion
Regulation Scale and affective empathy that was measured with the IRI between AD
patients and controls. However, AD patients had more inhibitory failures in the
Hayling Sentence Completion Test and lower self-reported cognitive empathy.
Nevertheless, refuting their hypothesis, the authors did not find a relationship
between emotion regulation and inhibitory control or between cognitive empathy and
inhibitory control. With regard to the reported cognitive empathy deficits, the authors
speculated about the existence of a different underlying mechanism apart from
cognitive disinhibition that contributes to these deficits in AD. Concerning the lack
of a hypothesized relationship between emotion regulation and cognitive inhibition,
the results of a study by Henry and colleagues (2009) are also somewhat surprising.
AD patients and controls watched amusement film clips coupled with three different
instructions (i.e., spontaneous expression, suppression, or amplification of emotion).
The results indicated that the intentional use of suppression was intact in AD
patients, whereas both groups had difficulties with the amplification of emotions.
Their results are also in agreement with Nash et al. (Nash et al., 2007), who did not

find a relationship between cognitive disinhibition and emotion regulation in AD.
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Hence, neither of these studies related cognitive disinhibition in AD patients to
emotion regulation deficits. Although deficits in cognitive inhibitory control are
prominent features in AD, Amieva et al. (Amieva, Phillips, Della Sala, & Henry,
2004) concluded that this is not a consequence of the breakdown of general
inhibitory processes, and an inhibitory mechanism may indeed be preserved in AD.
Thus, AD appears to have a strong impact on tasks that require controlled inhibition
but a considerably smaller impact on tasks that require more automatic inhibition
(Henry et al., 2009). Moreover, Henry et al. (Henry et al., 2009) discussed their
results from the perspective of models of aging that consider that some emotion
control processes are relatively more automatic in older age. They suggested that
emotion regulation strategies, such as the effective behavioral suppression of
emotions, may depend on well-practiced, automatic processes by the time one
reaches older adulthood. This is consistent with a range of studies that reported that
emotional experiences change with age (Lawton, Kleban, Rajagopal, & Dean, 1992;
Levenson, Carstensen, & Gottman, 1994; Mroczek & Kolarz, 1998; Zhang, Ho, &
Fung, 2015). Leclerc and Kensinger (Leclerc & Kensinger, 2011) found that older
adults exhibited greater activity in areas that are associated with emotion regulation,
namely the prefrontal cortex, compared with younger adults, and less activity in the
amygdala, an area that is responsible for processing emotionally arousing stimuli,

when viewing negative images compared with neutral images.

Additional evidence that AD patients possess relatively intact emotional regulation
abilities, at least for some of its forms despite their cognitive deficits (e.g.,
disinhibition), derives from the phenomenon of habitual emotion regulation. Gyurak
and colleagues (Gyurak, Gross, & Etkin, 2011) reasoned that the frequent use of a
given explicit strategy can quickly render the initiation of the strategy more implicit
during regulation, thus making it more implicit over time. Hence, a reasonable
speculation is that AD patients are able to conduct at least more automatic,

spontaneous emotion regulation processes successfully.

The last component of empathy that is considered here is the ability of adopting the
perspective of another person. The number of studies investigating cognitive ToM,
measured for example using first and second order false belief tasks, and affective
ToM, which can be assessed using the Faux-Pas or the Reading the Mind in the Eyes

Test, in PwD increased in the last decade. Using different perspective taking tasks,
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Markova et al. (Markova, Laczd, Andel, Hort, & Vicek, 2015) reported diminished
overhead and first-person view perspective taking abilities in AD patients, while
people with MCI were only impaired in the first-person view task. Studies showed
that AD patients perform relatively normal in first order false belief tasks (Castelli et
al., 2011; Cuerva et al., 2001; Fernandez-Duque, Baird, & Black, 2009; Gregory et
al., 2002; Zaitchik, Koff, Brownell, Winner, & Albert, 2004; Zaitchik et al., 2006),
and are impaired in higher order false belief tasks (Cuerva et al., 2001; Fernandez-
Duque et al., 2009; Freedman, Binns, Black, Murphy, & Stuss, 2013; Gregory et al.,
2002; Zaitchik et al., 2004, 2006), which could be secondary to their cognitive
impairments (especially executive functions) (Cuerva et al., 2001; Fliss et al., 2016;
Kemp et al., 2012; Poletti, Enrici, & Adenzato, 2012; Zaitchik et al., 2004, 2006) or
episodic memory deficits (Synn et al., 2018) rather than reflecting a primary
impairment in ToM. Moreover, Fliss et al. (Fliss et al., 2016) found that, while
patients in moderate stages of the disease were impaired in first and second order
false belief tasks, patients in early phases showed only deficits in second order false
belief tasks. This suggests a decrease of ToM abilities with the progression of the
disease (Fliss et al., 2016; Laisney et al., 2013).

A data mining study by Ramanan and colleagues (Ramanan et al., 2017) also found
that difficulties of AD patients in cognitive ToM tasks do indeed not reflect a
genuine ToM deficit but are rather mediated by a particularly executive cognitive
decline. This is consistent with the results of a systematic review by Sandoz et al.
(Sandoz, Démonet, & Fossard, 2014) and a meta-analysis by Bora and colleagues
(Bora, Walterfang, & Velakoulis, 2015). Bora et al. (Bora et al., 2015) found that AD
patients’ ToM deficits are only modest relative to their general cognitive dysfunction
and compared with patients with FTD. Furthermore, the authors found that a longer
disease duration and the degree of general cognitive deterioration lead to more severe
ToM deficits in both types of dementia. Sandoz and colleagues (Sandoz et al., 2014)
stated that the deficits in ToM task performance that are caused by AD are mainly
attributable to a decline in cognitive and executive abilities and do not reflect a
specific ToM impairment. Other studies interpreted their results as a genuine ToM
impairment in AD patients (Freedman et al., 2013; Laisney et al., 2013; Moreau,
Rauzy, Viallet, & Champagne-Lavau, 2016), whereas Laisney and colleagues

(Laisney et al., 2013) found that impairments in working memory and executive
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functions were associated only to more complex cognitive ToM abilities. The
different results are maybe due to the inclusion of AD patients at different stages of
disease severity (Fortier, Besnard, & Allain, 2018; Laisney et al., 2013). Concerning
affective ToM, although not central to this article but reported for completeness, the
results are more ambiguous. Some studies did not find an impairment in affective
ToM (Fliss et al., 2016; Freedman et al., 2013; Gregory et al., 2002), while others did
(Castelli et al., 2011; Laisney et al., 2013). Fliss et al. (2016) suggested that affective

ToM abilities could be affected by decreasing decoding abilities of facial emotions.

The ToM network includes at least the posterior superior temporal sulci, the adjacent
temporoparietal junction, the precuneus, and the medial prefrontal cortex (Kemp et
al., 2012; Poletti et al., 2012). According to Fortier et al. (Fortier et al., 2018), a
deficit in the temporoparietal junction, which is frequently reported in AD patients
(Villain et al., 2010), may be central to understanding ToM impairments in this
patient population. Le Bouc and colleagues (Le Bouc et al., 2012) reported a
correlation between the severity of the deficit in inferring someone else’s beliefs and
a hypometabolism in the left temporoparietal junction. This kind of deficit was
predominant in the AD group. The FTD, group on the other hand, was particularly
impaired in inhibiting their own mental perspective, which was associated with

hypometabolism in the right lateral prefrontal cortex.

In summary, emotion regulation and perspective taking abilities appear to be
relatively preserved in early stages of the disease, as long as the situation does not
overwhelm the cognitive capacities of patients. Most studies show a decline in
perspective taking abilities with decreasing cognitive abilities and thus, with the
progression of the disease. Moreover, emotion regulation and perspective taking to
some extent involve inhibitory mechanisms. At least concerning emotion regulation,
AD patients may rely more on automatic inhibitory mechanisms than on controlled

ones, which may help them satisfactorily cope with task demands.

Limitations and future directions

The conclusions drawn from this review must be considered keeping some
limitations in mind. The number of studies investigating empathy and its

subcomponents in AD is still relatively small, especially regarding emotional
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contagion and self-other distinction. Moreover, most studies used small samples and
different methods, as well as included patients in different stages of the disease.
Therefore, it is not surprising that sometimes results differ or are even controversial.
On top of that, a lack of experimental and more naturalistic studies raises questions
about the ecological validity of results and their generalization into daily life.
Furthermore, the subcomponents themselves are complex psychological processes,
each underpinned by its own neural network. Thus, it represents a huge challenge to
summarize them in a single model. Here, we just tried to give an overview about how
these processes could be affected by the disease and how that diminishes the
empathic abilities of AD patients. To the best of our knowledge, this is the first
review exploring empathic abilities and its subcomponents in depth in AD.
Exploration and investigation of emotional abilities in AD has just begun and with
more research being done in the field, the present conclusions can be modified and

extended.

Nevertheless, we believe that some conclusions can be drawn from the presented
studies. Figure 2 shows a revised version of the model of human empathy for AD,
depicting the influence of cognitive changes on components of the model. The effect
of general cognitive impairments on emotion regulation abilities can be viewed in
accordance with Henry et al. (Henry et al., 2009). AD patients are able to conduct
more automatic, spontaneous emotion regulation and present difficulties in tasks that
require the controlled inhibition of emotional responses. With regard to their ToM
abilities, evidence indicates that AD patients have more pronounced deficits in more
complex tasks, which can be attributed to a decline in cognitive and executive
abilities (Sandoz et al., 2014). Memory deficits may also influence performance in
ToM tasks (Synn et al., 2018), in which AD patients may be unable to keep all
details in mind that are required to infer the beliefs of others (Zaitchik et al., 2004).

PLEASE INSERT FIGURE 2 HERE.

More research is needed on the influence of different aspects of cognitive
impairment on the different components of the model of empathy. Unclear are the

effects of controlled cognitive inhibition vs. automatic cognitive inhibition on
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emotion regulation abilities in AD patients and the influence of memory and
executive function deficits on self-other-awareness. Although some studies have
investigated self-awareness and other-awareness in AD, a dearth of studies have
explored the borders between self- and other-awareness in AD patients (e.g., tracking
the origin of feelings [self vs. other]). In the context of empathy, unknown is whether
the deficits of AD patients in more complex emotional situations are caused by
impairments in perspective taking or whether such difficulties reflect a deficit in

emotional abilities.

The combination of preserved skills and deficits in AD patients with regard to
empathy is in accordance with Decety and Jackson (Decety & Jackson, 2004), who
did not assume a single source of empathy deficit in different conditions because of
its multidimensional nature. The ability to experience empathy depends on various
processes. Some components may compensate for other components, and the overall
ability to empathize may be viewed as a continuum. Interactions with the social
environment are essential for human beings. Declines in social relationships and
interactions, combined with social isolation, substantially affect AD patients’ quality
of life. Even if AD patients exhibit impairments in cognitive abilities to share and
understand the thoughts, beliefs, and intentions of others, they may be able to utilize
more emotional processes to fulfill these tasks. Furthermore, preserved competencies
in the emotional domain can be used as a resource in AD patients (Blessing et al.,
2014). A deeper understanding of emotional processing in PwD could lead to the
greater participation of these patients in social life, thus improving the quality of life
of both patients and their caregivers. A future goal is to incorporate current
knowledge about AD in the domain of empathy and social functioning and thus
promote further research in this field. By extending our understanding of the ways in
which AD affects emotional abilities, we may be able to adapt clinical and home care
to the individual needs of patients and caregivers.

Conclusion

The goal of this review was to explore empathy in AD and investigate the
subcomponents of empathy that are affected by the disease according to the model of

human empathy. Emotional processing/decoding, affective sharing, self-other-
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awareness, mental flexibility, and self-regulation abilities in AD patients were briefly
reviewed. Although the performance of AD patients differed from healthy controls in
all aspects that were reviewed herein, AD patients were still able to perform basic
emotional processes that contribute to empathy, whereby their difficulties can largely
be attributed to their cognitive impairments. Furthermore, AD patients do not exhibit
impairments in all domains of cognitive processes that are related to empathy.
Emotion self-regulation and perspective taking are partly based on the ability of
cognitive inhibition to regulate one’s own emotions or perspective. Both aspects
have been shown to be preserved to a certain degree in AD patients, and they may
rely more on automatic inhibitory mechanisms that are considered to be less affected
by the disease (Amieva et al., 2004; Henry et al., 2009).

By contrast, the majority of studies reviewed here, reported intact affective empathy
in AD (Alladi et al., 2011; Bartochowski et al., 2018; Christidi et al., 2018; Dermody
etal., 2016; Narme et al., 2013; Rankin et al., 2006, 2005). Furthermore, AD patients
seem to have a greater ability of affective sharing, reflected by greater emotional
contagion (Sturm et al., 2013). Shared representations between the self and others are
at the core of the proposed model of human empathy and provide a
neurophysiological basis for social cognition. Although this enhanced ability could
make AD patients more prone to negative emotions that are expressed by other
people in their social environment, it may also be used to compensate for cognitive
deficits in AD with regard to empathy. The pattern of relatively preserved aspects of
affective empathy and impairments in components of cognitive empathy in AD also
indicates the importance and intertwined nature of interactions between cognition
and emotion in producing a holistic experience and the ability of socioemotional

functioning.
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Figure 1 — Components of empathy according to Decety and colleagues. Left: The four macrocomponents
of empathy. Right: The components of empathy in the model of Decety and colleagues. The mechanism of
affective sharing is based on shared neural representations. Self-other-awareness is related to the ability to
maintain a distinction between the self and others. Mental flexibility refers to perspective taking and
regulation processes.
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Figure 2 — A revised model of empathy in AD. A draft of the empathy model in AD. The figure highlights
the processes that are most likely affected by the AD pathology. Deficits in empathy can mainly be attributed
to their general cognitive impairment, particularly in executive functioning and memory. AD patients appear
to be able to regulate their emotions and conduct ToM tasks to a certain degree, at least in earlier stages of
the disease. But they can present difficulties when task demands become more complex. Thus, mental
flexibility and regulation, which comprise the cognitive aspect of empathy, are somewhat impaired in AD
(indicated by the dashed line). Moreover, general cognitive impairments also influence the affective aspect of
empathy. Less emotion inhibition could lead to greater emotional contagion and thus lead to the
intensification of automatic affect sharing (indicated by the thicker line). Furthermore, cognitive impairment
leads to problems of awareness that are related to the “AD-self,” whereas other awareness appears to remain
mostly intact. However, there is no evidence of confusion of the self and others in AD. In contrast to AD,
patients with FTD seem to present a primary impairment in empathy related abilities. Thus, their deficits
cannot be mainly explained by other cognitive impairments.
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V. General discussion

The general objective of the present work was to investigate different aspects of
awareness, as well as basic and higher emotional abilities in AD. Furthermore, we
explored the influence of affective factors, such as self-relevance and apathy, on
awareness processes. Our work aimed at contributing to a better understanding of
factors that influence awareness, as well as to explore preserved abilities of PWAD,
which both are directly relevant for clinical practice and caregiving. Hereby, we
employed a variety of methods, such as statistical and theoretical modeling, as well
as a combination of behavioral, self-report, and electrophysiological data in the
experimental studies. The first part of the thesis explored the underlying structure
and mechanisms of awareness processes in AD, whereas the second part focused on

affective processing and emotional abilities of PWAD.

The first study used a statistical modeling approach to investigate the functional
structure of awareness in AD. The findings suggested that mood state and cognitive
level affect the ability to engage in ADL, which in turn are related to awareness.
Higher levels of depressive mood state and lower cognitive functioning complicate
the participation on and performance of ADL, and lower levels of ADL lead to lower
overall levels of awareness. In other words, PwWAD need to engage in activities to be
aware of their limits and abilities, and among the factors that decisively impact the
ability to engage in ADL are mood state and cognitive level. Interestingly, our model
was more consistent for mild AD, which suggests that other aspects become more

relevant for awareness with the progression of the disease.

The role of specific cognitive factors on awareness are discussed in the CAM
(Agnew & Morris, 1998; Morris & Hannesdottir, 2004; Morris & Mograbi, 2013).
According to this model, each individual constantly evaluates his or her own
performance on everyday tasks by comparing it to expected performance on domain-
specific and central levels. This expected performance is based on the individual’s
self-knowledge stored in the PDB. A failure in comparator mechanisms would lead
to executive forms of unawareness, whereas a failure in updating and consolidating
the PDB would result in mnemonic unawareness. The findings of our second study
support a mnemonic, rather than an executive origin of unawareness in AD. We

applied a reaction time task to examine awareness of task performance online, as
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well as after longer time intervals. Whereas online monitoring was preserved in
PWAD and healthy older adults, PwWAD had more difficulties to transfer online
monitoring to long-term predictions. This was reflected, for example, in the ERP
results. The FRN, a component associated with the processing of external feedback,
was related to online monitoring, and was sensitive to feedback valence in all groups,
thus indicating preserved executive performance monitoring processes in PwAD and
aging. On the other hand, the P300 was associated with medium- and long-term
performance monitoring indices and was strongly reduced in PwWAD and healthy
older adults compared to healthy young participants. Moreover, it only showed
sensitivity to feedback valence in young adults. The P300 component has been linked
to inhibition of irrelevant brain activation to focus attention on incoming stimulus
information and facilitate memory encoding (Polich, 2007, 2012). Thus, our results
are consistent with the inhibition hypothesis of the P300, which also suggests that
deficits in cortical processes underlying inhibitory signals might lead to reduced
P300 amplitudes with aging and dementia (Polich, 2012). In summary, whereas
executive performance monitoring was preserved in healthy older participants and
PWAD, a breakdown of cortical inhibitory processes might contributed to impaired

awareness of task performance after longer time intervals at least in PWAD.

In addition to this first part, the second section of the present work was dedicated to
the exploration of affective processing, which also is potentially influenced by AD
and aging. We investigated emotional reactivity to negative, self-relevant, and
neutral pictures. Affective ratings, facial expression data, as well as ERP results
showed that emotional reactivity was preserved in PwAD. However, impaired
cognitive inhibition processes might have led to more intense facial expressions to
negative pictures in PWAD and healthy older participants in comparison to young
adults. Furthermore, although higher levels of apathy were associated with reduced
neurophysiologic responses to negative pictures in PWAD, these were still enhanced
in comparison to healthy older controls. It has been suggested that aging is associated
with an increased cognitive influence on emotional reactivity (Kunzmann & Richter,
2009; Mather, 2012). Therefore, we speculated that enhanced neurophysiological
responses to negative stimuli in PwAD might reflect a lack of cognitive control
mechanisms. On top of that, results suggested that neurophysiological responses to

self-relevant dementia-related pictures may be increased in PwWAD compared to
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healthy older and also young participants, and arousal ratings of those pictures were
positively correlated with social awareness. The content of the dementia-related
pictures was highly social, showing older people in medical and caregiving settings

with other persons.

This is supportive of findings suggesting that PwAD are more aware of dementia
related problems in other people (Clare, Nelis, Martyr, Whitaker, et al., 2012;
Mograbi, Brown, & Morris, 2012), and thus consistent with the notion that
knowledge about others is based on knowledge about the self (Decety & Jackson,
2004). An essential ability for understanding the behavior and intentions of others is
empathy. This higher order emotional ability is crucial for successful social
functioning (Leiberg & Anders, 2006). The ability to empathize relies on emotional,
as well as cognitive components that are closely interwoven, whereby affective
empathy is built on a bottom-up affective sharing mechanism that distinguishes
between the self and the other. On the other hand, the cognitive aspect of empathy
reflects top-down control mechanisms such as perspective taking and regulation
(Decety, 2011). According to the reviewed literature, affective empathy is largely
preserved in PwWAD, while aspects of cognitive empathy seem to be impaired,
especially when complexity and level of conscious cognitive control demands of the
task increase. Moreover, enhanced affective sharing in PwWAD could be due to
impaired cognitive processes underlying inhibition of emotion (Sturm et al., 2013).
Deficits in the overall ability to empathize can be attributed to a general cognitive
decline in AD.

In summary, the present work found evidence for different factors influencing
different aspects of awareness. Whereas general awareness of the disease was
influenced by depressive mood state and general cognitive impairment, both
mediated by ADL, awareness of task performance was found to be affected by a
failure in updating acquired knowledge into self representations. Factors influencing
emotional reactivity were apathy and self-relevance. Although emotional reactivity
was largely preserved, impaired cognitive control mechanisms might have led to
increased neurophysiological responses and more intense facial expressions.
Empathy as a higher emotional ability is likewise affected by the general cognitive
decline that accompanies AD, whereby affective aspects might be particularly

sensitive to deficits in cognitive inhibition processes. In this context, our work gives
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further evidence for how deeply intertwined cognitive and affective processes are
(Okon-Singer et al., 2015). Research about affective processing and emotional
capacities in AD is still scarce, and so far, it is not clear which cognitive impairments
lead to enhanced affective processing in PwAD compared to older controls. Deficits
in cortical processes underlying cognitive inhibition could be a possible explanation.
Although AD is characterized by a significant impairment of inhibitory processes,
inhibition is a very heterogeneous construct and not all its mechanisms are affected
by the disease (Amieva et al., 2004). This leaves room for future studies to
investigate the nature of emotion-cognition interactions in affective processing and

awareness in AD.

Furthermore, our work supports the notion that emotional abilities are relatively
preserved in PWAD. This point has considerable importance for clinical implications.
Strengthening preserved capacities will lead to larger improvements for PwAD and
caregivers than focusing on lost abilities. A review by Zhang and colleagues (Zhang
et al., 2015) emphasizes the optimization of preserved emotional abilities to increase
positive emotions and improve socio-emotional functioning in PWAD. Promoting
positive emotions, e.g. through watching a happy movie, getting a positive surprise
or by helping others, can contribute to build psychological resources related to
coping, as well as help to prevent negative emotions associated to loss and disease.
Interventions like that will not only benefit PwAD, but also their caregivers. Low
daily life functionality, anosognosia, and NPS are related to caregiver burden (Clare,
Nelis, Martyr, Roberts, et al., 2012; Feast, Moniz-Cook, Stoner, Charlesworth, &
Orrell, 2016; Starkstein, 2014). Thus, interventions aimed at ameliorating levels of
ADL, awareness and NPS, such as depression and apathy, will indirectly improve
quality of life and stress for caregivers. In this context, Di Domenico and colleagues
(Di Domenico, Palumbo, Fairfield, & Mammarella, 2016) indicated that an
emotional shaping task improved apathy in PWAD. On the other hand, it seems
important not only to promote positive emotions, but also to prevent unpleasant
situations as much as possible, since lacking cognitive control mechanisms could
elevate PWAD’s exposure to negative emotions (Sturm et al., 2013). Finally, a
detailed diagnostic of domain specific anosognosia could provide additional insight

for individual treatment.
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Some general limitations of the present work should be mentioned. One point is the
generalizability of our results to illiterate PwWAD and PwAD with clinical depression,
because less than four years of formal education was an exclusion criterion, as well
as clinical levels of depression. Additionally, PwWAD were recruited from an
outpatient unit of a university hospital. Thus, PwWAD who did not take part in the
studies mostly had difficulties to arrange an additional visit at the hospital due to
available time of the caregiver or greater distance. Another point to keep in mind is
the assessment of patient variables, such as apathy and awareness, through caregiver
reports. While caregiver report is thought to be more reliable because of PwAD’s
awareness deficits, they are influenced by caregiver well-being and perception of the
person with AD (Clare, Nelis, Martyr, Roberts, et al., 2012). A last point we want to
mention is the need for cross-validation of our results, on the one hand because of the
small sample size included in our experimental studies, on the other hand because of

the heterogeneous nature of AD.

To conclude, we would like to present some future directions. Our work
demonstrated that the investigation of awareness, as well as of affective processes,
benefits from the integration of results from different methodological approaches.
Therefore, we recommend that future studies continue to combine behavioral and
subjective data with physiological and neuroimaging data to provide additional
information on neural mechanisms and structures that contribute to subjective and
behavioral changes in AD. Moreover, raising efforts to create large-scale datasets
that can be used to model relationships of key variables and influential factors could
be beneficial to validate existing models of awareness. Hereby, data from different
research groups and centers could be combined with datasets that are available online
in open-source projects. Another important point is the implementation of
longitudinal studies. Our work found that the underlying structure of awareness in
AD varies with progression of the disease. Hence, it is of interest how awareness
develops in the course of AD, and to identify the contribution of different factors in
the early, as well as in the later stages of the disease. Last but not least, it is necessary
to engage in translational research in the field. The question how to implement
research findings in specific clinical practice is a key element of successful

caregiving.
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