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ABSTRACT

Anosognosia for memory loss is a common feature of degenerative disorders and acquired brain
injuries that manifests as the lack of awareness of memory difficulties following injury to the
brain. Patients who are unaware of their memory loss, might engage in riskier behaviours, have
increased difficulties managing their medication and making appropriate medical decisions.
Although many studies have investigated this disorder of awareness, the underlying mechanisms
of anosognosia for memory loss remain unclear. Though methodological biases in measurement
have been proposed for the variable findings across studies, it has become increasingly accepted

that anosognosia is a multifaceted phenomenon.

The main aims of this thesis are (i) to provide a new measure for anosognosia for memory loss:
a measure that attempts to improve on existing biases in current assessments; and (ii) to provide
a comprehensive examination of anosognosia from a multifaceted framework. Specifically, this
thesis provides an examination of psychological (personality and mood), cognitive and
metacognitive (monitoring factors) and neuroanatomical factors (lesion mapping). Results from
this thesis support (i) the new measure of anosognosia presented in this thesis as a valid and
reliable tool that overcomes some of the common pitfalls of existing measures and that there are
(ii) underlying multifactorial factors for anosognosia for memory loss. Indeed, psychological
factors such as personality traits (decreased neuroticism trait); memory monitoring abilities
(memory performance and source monitoring); and neuroanatomical factors (cerebellar lesions)
were found to be associated with unawareness of memory loss. Findings are discussed with

regard to their relevance on current theoretical models of anosognosia for memory loss.
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1.1. Overview of thesis

Awareness also referred to as insight, self-consciousness or self-knowledge,
refers to one broad, elusive and complex construct explored in many disciplines including
philosophy, sociology, psychology, neuroscience and neuropsychology. Awareness is a
key construct, one that is intrinsic to our own understanding of ourselves and the world
that surrounds us. In this thesis, the concept of awareness is presented from a
neuropsychological perspective, from the standpoint of deficits following brain injury,
and their impact on awareness (Mograbi & Morris, 2018). Awareness will be used
throughout the text as the ability to reflect upon one’s own physical and/or sensory or
cognitive abilities or as Clare, Markova, Roth, and Morris (2011) define it, “the
reasonable or realistic perception or appraisal of a given aspect of one's situation,
functioning or performance, or of the resulting implications, which may be expressed

explicitly or implicitly”, (p. 936).

The focus of this thesis is on the degradation of such awareness. Specifically, on
the lack of awareness in the context of memory deficits following brain damage, also
known as anosognosia for memory loss (Agnew & Morris, 1998; Mograbi & Morris,
2018; Schacter, 1991). Structurally, this thesis includes 7 chapters. An introductory and
a methods chapters (Chapter 1 and 2) introduce the background and design of the main
research questions included in this thesis (described in Chapter 3 — 6). Chapter 3 aims to
describe the development of a new tool to measure anosognosia for memory loss in an
attempt to overcome some of the most common pitfalls in commonly used tasks used to

assess anosognosia. Chapters 4 to 6 aim at using different tasks and measures to
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understand what factors can affect the expression of anosognosia for memory loss.
Within these chapters, three main factors are explored: (i) psychological factors (Chapter
4); (ii) self-monitoring factors (Chapter 5); and (iii) neuroanatomical factors (Chapter 6)
(see also Chapter 2 for a summary of main research questions included in this thesis).
Finally, a conclusion chapter (Chapter 7), includes a general discussion of main findings,

their implications, limitations and future research.

The aim of this introductory chapter is to provide the reader with the context of
the study of anosognosia for memory loss. In order to do so, a broad review of memory,
memory loss and etiologies that lead to its deterioration is provided. This broad review
will be followed by the definition of anosognosia and a summary of the current

theoretical landscape for anosognosia of memory loss.

1.2. Definition & contextualization of memory

One of the fundamental domains of cognition is that of memory. Memory can be
defined as the ability to encode, store and retrieve information, or the maintenance of
learning that can be revealed at a later time (Squire, 1987). Learning different types of
information and being able to both consciously and unconsciously retrieve it, is at the
core of many of our everyday abilities that define who we are, and what we do (Conway,
2005). The beginnings of memory research are attributed to Ebbinghaus (1913, 1985)
whose work established the founding seeds of careful experimental methodology in the
study of memory. Ebbinghaus’ experiments showed a linear relationship between time
elapsed from learning, and the amount of information recalled. He realized that the longer

the time lapse since he first learned a list of nonsense syllables, the less he was able to
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remember. This forgetting though, could be undone through rehearsing or relearning the
information. James (1980), echoed these seemingly different properties of memory
processes and differentiated between primary memory (concerning the present), and

secondary memory (concerning past learned information) (Cowan, 2008).

The beginnings of what is considered modern memory research, and more
generally the beginning of modern neuropsychology, was defined by one individual case
study, widely known as H. M. (Henry Molaison). H. M. was a 27 year old man who had
a bilateral medial temporal lobectomy to treat uncontrollable seizures. Following this
procedure, he developed a specific deficit in his ability to form new memories (Scoville
& Milner, 1957; Squire, 2009). H.M.’s lesion and deficits suggested the involvement of
the Medial Temporal Lobe (MTL) in the formation of new memories (Broadbent, Clark,
Zola, & Squire, 2002). This groundbreaking discovery led to a large increase of studies,
most of which included clinical cases of memory loss (i.e., amnesia) and animal models
of memory functioning. Through the study of both brain injured individuals and animals,
we now know that structures such as the hippocampus, entorhinal cortex, perirhinal
cortex, parahipocampal cortex and cortical areas (spanning frontal, temporal and parietal)
are critical for the formation of new memories and related processes (Kopelman &
Stanhope, 2002; Mishkin, 1978; Mishkin, Spiegler, Saunders, & Malamut, 1982; Nadel
& Moscovitch, 1997; Salmon, Zola-Morgan, & Squire, 1987; Zola-Morgan & Squire,
1990). Further, these studies also helped formulate the way that we define and

conceptualize different memory processes.

1.2.1. Terms of memory

Over 250 terms have been used to refer to different types of memory, many of
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which overlap and can refer to similar underlying processes (Tulving, 1982, 2007). In
the following sections some of the most commonly used terms that are relevant to this

thesis will be summarized.

1.2.1.1. Explicit/Declarative vs. Implicit/Non-declarative

The terms explicit (declarative) memory versus implicit memory (non-
declarative) are commonly used to distinguish memories that can be consciously
retrieved, as opposed to those that remain unconscious and/or automatic (Cohen &
Squire, 1980; Squire, 1992, 2009). Explicit memories are formed of previously learned
information that can be subjectively recalled at a later time. Implicit memories on the
other hand, are formed of previously learned information that can operate without
conscious experience or recall (Squire, 2009). Within this broad characterization,
different types of memory processes can be identified. For example, implicit memories
have been proposed to vary in their typology to encompass different types of learning
that require no subjective recall: classic conditioning (e.g., learning an association
between two stimuli, such as association of the ice cream truck jingle with a cone of
refreshing ice cream); skill learning (e.g., learning patterns of behaviour through
repetitive practice such as driving); priming (e.g., unconscious influence of a stimulus on
the response of another stimulus, such as responding to the word elephant is easier after
seeing the word giraffe than after seeing the word hospital); etc. (Mondragon, Alonso, &
Kokkola, 2017; Ploog, 2012; Schendan, 2017). Similarly, within explicit memory
different typologies have been defined. Following Tulving (1972, 1993, 2002),
underlying properties of explicit memories are suggestive of two main memory systems:

semantic memory and episodic memory. These terms were originally coined to refer to
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those memories pertaining to facts and events respectively (Tulving, 1972).

Semantic memory is conceptualized as a ‘storage’ where information about
ourselves and the world is held (Tulving, 1972, 1982; Warrington, 2017). It thus includes
knowledge of words, names and categories (Shayna Rosenbaum, Kim, & Baker, 2017).
The way semantic memory operates remains a matter of debate, and different
conceptualizations have been proposed (Balota & Coane, 2008). For instance, some
researchers have proposed that concepts stored in semantic memory are represented by a
combination of relevant features. These features are hypothesized to combine with others
at retrieval to give rise to a determined concept such as the concept of a plane (e.g.,
motorized, wings, flies, and transports people). These features can also be part of
different concepts (e.g., wings can be part of the concept airplane and the concept bird),
allowing a fluid and efficient storage of information (McRae, De Sa, & Seidenberg, 1997;
Smith, Shoben, & Rips, 1974). Other researchers have argued that all individual concepts
are stored in semantic memory (i.e., bird, airplane) as individual entities embedded within
complex networks (Loftus & Collins, 1975; Quillian, 1968). The location of each concept
in relation to others is determined by learned associations (e.g., dog, cat...), leading to
small world structures. These in turn connect with other small world structures creating
larger sets of networks (Balota & Coane, 2008). Although the operationalization of
semantic memory remains a matter of debate, there is a general agreement over its
underlying neural structures. Indeed, studies with patients with deficits in semantic
memory due to a degenerative disease, namely Semantic Dementia, have shown that
regions such as the anterior temporal lobe, the perirhinal cortex (PRC) and Brodmann

areas 35 and 36 appear to be key in supporting semantic memory (Davies, Graham,
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Xuereb, Williams, & Hodges, 2004; Davies, Halliday, Xuereb, Kril, & Hodges, 2009;

Suzuki & Amaral, 2003).

Episodic memory was initially hypothesized as the ability to remember and re-
experience information pertaining to one’s own past (Tulving, 1982). Rooted in this early
formulation, the conceptualization of episodic memory has developed over the years to
encompass distinct properties that make this memory system unique to humans (Tulving,
2002). For example, episodic memory allows individuals to remember aspects of the past
by consciously travelling to the time at which the event was experienced. Therefore,
episodic memory does not only hold information about the world (such as semantic
memory), but establishes a conscious connection with both the self, who experienced the
event, and subjective time, when it happened (Moscovitch, 1995b; Tulving, 1972, 1993,
2002, 2005). This “conscious experience’ is referred to as autonoetic consciousness, one
that allows awareness of when and how the memory was acquired in relation to one’s
self (Metcalfe & Son, 2012). Further, recent examinations of episodic memory, including
neuroimaging and clinical population studies, appear to support its role in future thinking
and imagination of future events, also referred to as episodic simulation (Schacter et al.,
2012). Indeed, many studies have observed common underlying neural regions for both
remembering past events and imagining the future. These shared structures include the
medial temporal, parietal and frontal cortices, the angular gyrus, the posterior cingulate
and the retrosplenial cortex (see Andrews-Hanna, 2012; Buckner, Andrews-Hanna, &
Schacter, 2008; Schacter et al., 2012; Thakral, Madore, & Schacter, 2017). Studies with
clinical populations (e.g., patients with memory loss due to Alzheimer’s Disease (AD),

Mild Cognitive Impairment (MCI), amnesic syndrome, depression, or schizophrenia),
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have also shown decreases of the richness of episodic detail in both remembering and
imagining future information supporting the idea that these processes might indeed rely
on similar neural networks (Addis, Sacchetti, Ally, Budson, & Schacter, 2009;
Andelman, Hoofien, Goldberg, Aizenstein, & Neufeld, 2010; D'Argembeau, Raffard, &
Van der Linden, 2008; Gamboz, Brandimonte, & De Vito, 2010; Hassabis, Kumaran,

Vann, & Maguire, 2007; Williams et al., 1996).

1.2.1.2.  Prospective vs. Retrospective memory

The distinction between prospective and retrospective memory draws upon the
qualitative differences in the temporal use of memory in everyday life. For example, the
previous paragraph has highlighted the difference between those memories considered
implicit (e.g., classical conditioning, priming, skill learning) versus explicit (e.g.,
semantic and episodic memory), both of which pertain to past learned information.
Memories that are reflective of a past event, irrespective of their explicit or implicit
nature, can also be referred to as retrospective memories (Roediger lii, Zaromb, &
Goode, 2008). Though past experience is embedded in the definition of memory, certain
types of memories, namely prospective memories, are anchored in the future experience
(Einstein & McDaniel, 1996; Harris, 1984; McDaniel & Einstein, 2007). Prospective
memory is the process by which one remembers to perform self-initiated actions in the
future (Ellis & Nimmo-smith, 1993). Such intentions to act can be seen in most of our
everyday activities. For example, trying to remember to call someone that was out, trying
to remember to take a pill every day, trying to remember your appointment next week,
etc. This use of memory, though rooted in retrospective memory (i.e., a past intention),

has its own distinct nature defined by the future intent and the time constraint for that
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memory to affect our actions (e.g., you need to remember that you have an appointment

before it’s due) (Balota & Coane, 2008).

Though historically, the majority of research has focused on retrospective
memory, there has been an increased interest in prospective memory processes over the
past few decades (Einstein, McDaniel, Marsh, & West, 2008). Further, some of these
more recent studies have supported, through factor analytic approaches, the distinction
between awareness of prospective and retrospective memories (Crawford, Smith,
Maylor, Della Sala, & Logie, 2003; Maylor, Smith, Della Sala, & Logie, 2002).
Intuitively, being able to remember to take future actions is crucial for a successful and
independent life, and awareness of these deficits thus should also be examined conjointly

with awareness of retrospective memories (Smith, Della Sala, Logie, & Maylor, 2000).

Different types of prospective memory have been defined based on the type of
cue that is used to elicit the action that was intended and can include (i) event based and
(ii) time based prospective memory (McDaniel & Einstein, 2007; Shum, Valentine, &
Cutmore, 1999). Event cued prospective memory involves remembering to do something
in a given context, (e.g., remembering that is triggered by an external cue). Time cued
prospective memory involves remembering to perform an intended action at a specific
time. Although this is a commonly used distinction, some authors have argued that the
observed differences between these subtypes of memory (event versus time cued
prospective memories) across clinical populations might be due to methodological
pitfalls in the way these prospective memories are measured. For example, while event
cued prospective memories are usually assessed in terms of success/failure, time cued

prospective memory is usually assessed in terms of response time (see Cuttler & Graf,
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2009). Further research is needed to understand whether these subtypes of prospective
memories relying on shared and or unique mechanisms. With regard to the underlying
mechanisms hypothesized to support overall prospective memory, these have been
hypothesized to be very similar to those of episodic simulation, described above (Brewer
& Marsh, 2010). Indeed, several studies have found an association between performance
in tasks assessing event cued prospective memory and imagining of future events
(Altgassen et al., 2015; Neroni, Gamboz, & Brandimonte, 2014). These studies have also
found support for shared neural regions such as the Medial Temporal Lobe (MTL) and
the frontal lobe known to be involved in memory and executive functions (monitoring
and control), processes proposed to be also key for episodic simulation (Kopp & Thdne-

Otto, 2003; Spreng, Madore, & Schacter, 2018).

1.2.1.3. Long term, short term, and working memory

As noted earlier, one of the earliest forms of categorizing memories has been
between how much information the mind can hold within a present moment versus what
is held after a longer delay (Cowan, 2008). Therefore, a way of distinguishing memaories
has been defined by the temporal access of the information that each memory system or
process can hold. Though terms might vary, two main memory subtypes can be defined:
short-term memory and long-term memory. In its original conceptualization, short term
memory was defined as having a lifespan of seconds and long term memory from minutes
to days and years (Gazzaniga, Ivry, & Mangun, 1998). The differentiation between short
and long term memory, though originally questioned by some (e.g., Melton, 1963), has
received support from several studies with amnesic patients (Squire, 2009). These studies

have shown that patients with damage specific to the Medial Temporal Lobe (MTL) are
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impaired in long, but not short-term memory (Baddeley & Warrington, 1970; Squire,
2009). Similarly, the reverse has been observed where patients show specific
impairments of short but not long term memory processes (Shallice, 1988). Although this
model has been widely accepted, recently different authors have argued against the
dichotomization or dissociation of these types of memories and suggested a reliance of
STM functioning on LTM (see Jonides et al., 2008 for review). Indeed some case studies
of patients with hippocampal amnesia have shown impairments in both STM and LTM,
suggesting that these memories rely on similar networks and thus are dependent on each
other (Jonides et al., 2008). These seemingly contradicting results are hard to reconcile
and thus increased examination of both STM and LTM is necessary to elucidate the

relation that these might hold.

Other classifications of LTM and STM have expanded to include rehearsal of
recently learned information as part of their conceptualization of memory (e.g., Atkinson
& Shiffrin, 1968). The ability to rehearse and manipulate information in the short term is
now widely known as Working Memory (WM) (Baddeley & Hitch, 1974; Miller,
Galanter, & Pribram, 1960). One of the most influential models of WM proposes a
dichotomous underlying structure. This structure is defined by two main processes, one
of storage and one in charge of controlling and manipulating information. The storage
processes are proposed to be supported by specific short term buffers across various
domains (e.g., visuospatial sketchpad, episodic buffer and phonological loop). These
hold the information of each domain in the short term. This information is then used by
a central executive, responsible for controlling and manipulating the information stored

(Baddeley, 2001). These short term memory buffers have been hypothesized to rely on
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the Prefrontal Cortex (PFC), as disruption to this region impairs performance across
various WM tasks (e.g., Funahashi, Bruce, & Goldman-Rakic, 1993; Ptito, Crane,
Leonard, Amsel, & Caramanos, 1995) (see Postle, 2015 for review). Although Baddeley
& Hitch’s original proposal in 1974 has received extensive support, other theories have
suggested various mechanisms for WM. For example, Cowan’s embedded process theory
(Cowan, 1999) suggests that the information, which WM manipulates, is hierarchically
derived from (i) LTM, (ii) the *subset of LTM that is activated, and (iii) the attentional
processes that operate these ‘activated” memories. These attentional processes are
deemed crucial for the manipulation of information in WM and determines how much
information individuals can hold in WM (Cowan, 1999). Other theories such as that
proposed by Engle and colleagues (Engle et al., 1999; Engle & Kane, 2004) suggest that
other cognitive processes, such as inhibition are needed to allow the manipulation of
specific information without the contamination of irrelevant information in LTM. More
recently, alternative conceptualizations have proposed WM as an ‘emergent process’, a
process that does not rely on domain specific buffers of the PFC (e.g., Postle, 2006). This
proposal suggests that WM represents a combination of different processes specific to
the information manipulated (Postle, 2006). For example, if WM is manipulating visual
information, perceptual processing will be recruited, in addition to previously learned
associations regarding the visual information processed (e.g., what the information
means, where it was learned etc.) (Postle, 2006). To this date, there is no clear agreement
on which theory best defines WM. As the different aspects of these various theories have
received empirical support, it is important that future research attempts to reconcile these

findings and attempts to build a cohesive conceptualization of WM.
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1.2.2.  Memory loss

Following the previous sections, different types of memories can be described,
and selective degradation of these can also be observed across healthy ageing adults and
clinical populations (see Squire, 2009). Within older adults, the ageing process has been
found to be associated with a progressive decline across several cognitive functions
(Wilson, Gallagher, Eichenbaum, & Tanila, 2006). This deterioration can include an
increased difficulty in the ability to retain new long term episodic memories and learn
new complex associations (Gallagher & Rapp, 1997; Hedden & Gabrieli, 2004). Within
clinical populations, different profiles of memory deficits can be observed. For example,
patients who suffer from Alzheimer’s disease (AD) (described below) typically exhibit
episodic memory deficits during earlier stages of the disease, as AD pathology tends to
target regions in the MTL such as the hippocampus and the entorhinal cortex (Dore et
al., 2013; Mormino et al., 2009). Due to the progressive nature of the disease, these
deficits will continue to progress. Further, as AD pathology and neuronal death spreads
across larger regions of the brain, other cognitive deficits will manifest (e.g., impairments
in executive functions, language, attention and visuospatial abilities) (see Weintraub,
Wicklund, & Salmon, 2012 for review). Following a non-degenerative brain injury,
patients can also develop an array of specific memory deficits which may or may not be
accompanied by other deficits (depending on the regions affected by the injury) (Wilson,
2013). As described in the previous sections, different types of memories have been
hypothesized to rely on different regions thus different types of brain injuries can affect
memory differently. For example, if a brain injury affects the anterior temporal pole of

the MTL patients may exhibit deficits in semantic memory (see section 1.2.1.1. above).
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If structures of the MTL such as the hippocampus, entorhinal cortex and angular gyrus
are affected, patients may exhibit episodic memory deficits which can also span to
prospective memory deficits (see section 1.2.1.1. and 1.2.1.2. above). If these regions are
selectively affected, specific deficits in forming new memories are commonly described
as an amnesic syndrome (e.g., patient H.M.) (Fradera & Kopelman, 2009). Patients
suffering amnesic syndrome typically have their intellectual abilities and other cognitive
abilities spared, but have a specific and isolated deficit in forming new memories (De
Renzi, 2000). Pure amnesic syndromes occur with rarity, and more commonly patients
will present with other concomitant cognitive difficulties such as language, executive

function or attentional difficulties (Wilson, 2013).

Besides other concomitant cognitive deficits, memory loss can also manifest with
associated symptoms or phenomena. One such phenomena is known as confabulation
(Bonhoeffer, 1904). This term has received many different conceptualizations, but
following its conventional definition, confabulation is defined as false memory remarks
made by amnesic patients who are not intending to deceive, and have full conviction of
the veracity of their claims (Dalla Barba, 1993; Moscovitch, 1995a). Recent research has
supported a delineation between confabulations that are provoked by an examiner or
interviewer, from those that are spontaneous for which different mechanisms have been
proposed (Fradera & Kopelman, 2009; Kopelman, 1987; Schnider, von Déniken, &
Gutbrod, 1996). Interestingly, an intrinsic characteristic of confabulators is their
profound anosognosia for their memory loss suggesting possible overlapping
mechanisms (Feinberg, Roane, Kwan, Schindler, & Haber, 1994; McGlynn & Schacter,

1989; Schacter, 1991).
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1.2.2.1. Etiologies of memory loss

1.2.2.1.1. Acquired Brain injury

Different etiologies can give rise to pathological memory loss, many of which are
considered under the umbrella term Acquired Brain Injury (ABI). This term encompasses
any injury to the brain due to external injury (e.g., concussion) or internal injury (e.g.,
vascular pathology, tumors etc.), intoxication (e.g., alcohol or drug abuse), deficiencies
(e.g., thiamine deficiency), infections (e.g., meningitis) and deprivation of oxygen to the
brain (e.g., hypoxia due to asphyxiation). The most commonly observed ABI are those
cause by external force (e.g., traumatic brain injuries), considered the leading cause of
death and disability among children and younger adults, and those caused by a vascular
internal injury (e.g., Stroke), considered the 3@ most common cause of death in most

industrialized countries in older adults (World Health Organiztion [WHO], 2006).

1.2.21.1.1. Traumatic brain injury

Traumatic Brain Injury (TBI) refers to the event by which the brain receives an
injury by a blunt force. This force can be due to an external blow against the skull or
from the brain moving within the skull due to strong, and sudden acceleration or
deceleration. The latter is commonly observed in road vehicle accidents (Baddeley,
Eysenck & Anderson, 2015). The leading cause of brain injury depends on the age range
observed. For example, younger adults will be more likely to have TBI resulting from a
road vehicle accident and assault; Meanwhile older adults will be more likely to suffer a
TBI following a fall (Centers for Disease Control [CDC], 2006-2010; World Health

Organization [WHQ], 2006).
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Consequences of brain injury are varied and dependent on the extent and location
of the injury. Commonly though, patients that suffer moderate to severe brain injury will
lose consciousness (Cartlidge & Shaw, 1981). The length of the loss of consciousness
depends on the degree of the injury and can range from minutes or hours, to what is
known as vegetative state where the likelihood of regaining consciousness is lost due to
the degree of brain damage (Bender, Jox, Grill, Straube, & Lule, 2015). In the case of
moderate and some severe brain injuries, individuals will eventually regain
consciousness (Baddeley et al., 2015). Different cognitive and behavioural problems can
arise once consciousness is regained including memory impairment (Wilson, 2013).
Difficulties with memory following a TBI is also known as post-traumatic amnesia
where patients with brain injuries experience difficulties remembering or forming new
memories (anterograde amnesia) and remembering past learned information (retrograde
amnesia) (Kopelman & Stanhope, 2002). As noted in section 1.2.2. above, isolated
impairment in memory is not very common and patients with TBI’s and patients with
other ABI’s will have other concomitant deficits. Other salient and common features of
brain injured patients are behavioural disturbances due to frontal injury. Such behavioural
disturbances are characterized by inappropriate social interactions, impulsiveness,
inability to plan or execute complex plans, etc. (Prigatano, 1999; Wilson, 2013).
Unawareness of deficits is also common in these patients, who appear unaware of the
array of deficits including motor, cognitive, and behavioural deficits (Prigatano, 1996;

2010).

1.2.1.1.2.  Vascular Brain Injury: Stroke and White Matter Hyperintensities

Strokes affect 15 million people yearly, of the 10 million individuals that survive,
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5 million will suffer from permanent disability (MacKay & Mensah, 2013). The
economic burden of stroke has been estimated to be very high. For example, the estimated
cost of stroke in the U.K. is of approximately 7 billion pounds per year (Markus, Pereira,
& Cloud, 2010), and approximately 34 billion dollars in direct and indirect costs during
the 2012-2013 period in the U.S. (Benjamin et al., 2017). Elderly individuals are at higher
risk of developing a stroke (World Health Organization [WHQO], 2004). Although
prevention and medication management strategies have reduced the overall incidence of
strokes, with the growing ageing population this disease will remain one of the leading
causes of death and disability in our current and future society (World Health
Organization [WHO], 2004). The concept of stroke is used to refer to the event by which
the blood supply to the brain stops due to a focal interruption (i.e., ischeamic stroke) or
a haemorrhage (i.e., haemorrhagic stroke) in the blood vessels supplying the brain
(National Health Service [NHS], 2017; World Health Organization [WHO], 2006).
Ischeamic strokes tend to be more prevalent (75-80%) than haemorrhagic strokes (10-
15%) ( World Health Organization [WHO], 2006). Classic acute symptoms of stroke
include facial muscle droopiness, slurred speech and motor deficits. These can resolve
soon after the event or can remain for days or months. If the acute stroke symptoms
resolve within minutes the syndrome is classified as a Transient Ischeamic Attack (TIA)
(American Stroke Association, 2017).

Strokes are also commonly classified depending on the affected blood supplying
circulation system that is affected. For example, a broad distinction can be found between
strokes affecting large cortical vessels as opposed to those affecting deep penetrating

vessels (Markus et al., 2010). Conventionally, circulation within the brain is split into
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anterior circulation supplied by the carotid artery distribution, and posterior circulation,
supplied by the vertebral and basilar distribution. The carotid artery distribution includes
the internal carotid arteries (ICAs) and their branches (i.e., middle cerebral arteries
(MCA), anterior cerebral arteries (ACAs) and intracranial vessels) (Rea, 2015;
Traystman, 2017). The regions to which they supply expand to most of the brain except
the medial temporal lobes and the occipital lobes (Fuller & Manford, 2010). The
vertebral and basilar distributions include the vertebral branches (i.e., anterior spinal
artery, posterior spinal artery and posterior inferior cerebellar artery (PICA), the basilar
artery, perforating arteries and posterior cerebral arteries (Michael-Titus, Revest, &
Shortland, 2010). These supply inferior parts of the cortex including temporal and
occipital lobes, and structures known to support memory functioning such as the

thalamus and the hippocampus (Michael-Titus et al., 2010).

Within the anterior circulatory system, two distinct clinical syndromes can been
delineated: (i) MCA syndrome and (ii) ACA syndrome (Chung, 2017). An MCA
syndrome can typically involve contralateral hemiplegia (i.e., paralysis of contralateral
limbs), anosognosia or unawareness, hemianopsia (i.e., partial visual loss) or
hemianaesthesia (i.e., loss of tactile sensibility), eye deviation, neglect (i.e., attentional
deficit disorder in which patients ignore parts of themselves or the environment),
dyspraxia (i.e., disorder of movement organization), aphasia (i.e., language
comprehension or expression disorders) and motor disorders (i.e., chorea). An ACA
syndrome can involve limb and trunk weakness, sensory disturbances, decreased speech
and activity, excessive crying or laughing, callosal disconnection (i.e., disconnection of

the two hemispheres due to damage to the corpus callosum) and perseveration. Posterior
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circulatory strokes or syndromes are more commonly defined by the regions they affect.
These regions can include the medial temporal lobes, occipital lobes, cerebellum and
brain stem (Michael-Titus et al., 2010). Medial and occipital lobes affect abilities such as
vision and produce disorders such as hemianopsia, prosopagnosia (i.e., inability to
recognize faces), and agnosia (i.e., inability to recognize objects). Cerebellar strokes can
cause dizziness, nausea, vertigo, vomiting, impaired level of consciousness, and
localizing signs such as ataxia (i.e., difficulty coordinating movements), nystagmus (i.e.,
uncontrolled repetitive eye movements) and dysarthria (i.e., difficulty with the
articulation of speech) (Lee et al., 2006; Wityk, 2017; Wright, Huang, Strbian, &
Sundararajan, 2014). Strokes affecting the brain stem can have an array of symptoms
specific to the region affected, including sensory or motor disturbances such as
hemiparesis (i.e., weakness of one side of the body), ataxia, loss of pain or temperature
sensation between others (Bassetti, Bogousslavsky, Barth, & Regli, 1996; Kameda et al.,

2004; Ortiz de Mendivil, Alcala-Galiano, Ochoa, Salvador, & Millan, 2013)

Strokes occurring in small penetrating vessels that affect deep subcortical
structures are known as Lacunar infarcts or Lacunar syndrome which can affect both
anterior and posterior circulation territories (Lindgren, Norrving, Rudling, & Johansson,
1994). Lacunar syndromes or infarcts are the most common type of subcortical strokes
affecting white matter, and deep grey matter nuclei. Lacunar strokes can manifest with
varied symptoms such as sensory disturbances, sleep disturbances, hemiataxia (i.e., loss
of muscle control) and cognitive deficits such as memory impairment as they can affect
key structures such as the thalamus or the basal ganglia (Lopes et al., 2012; Su, Chen,

Kwan, Lin, & Guo, 2007; Tatemichi et al., 1994; Wityk, 2017).
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White Matter Hyperintensities (WMHSs) are disruptions to white matter integrity
also known as Leukoaraiosis (LA). WMHSs have been proposed to reflect small vessel
cerebrovascular disease and can be commonly observed in stroke and AD patients
(Brickman et al., 2010; Brickman et al., 2008; Gunning-Dixon, Brickman, Cheng, &
Alexopoulos, 2009; Thomas et al., 2002). However, WMHSs can be observed in healthy
ageing adults and have been associated with a range of vascular risk factors and cognitive
difficulties such as executive functions, processing speed and attention (Debette &
Markus, 2010; Dufouil et al., 2009; Poggesi, 2011; Inzitari et al., 2009; Smith, 2010; van
Gijn, 1998) and thus should be included when examining the relation of vascular

pathology and different outcomes such as unawareness.

1.2.1.2. Dementia

The term dementia is an umbrella term used to describe a group of disorders that
affect cognition in a progressive fashion. Though they are more common in the ageing
population, early onset dementias can also occur (Knopman, Petersen, Cha, Edland, &
Rocca, 2006). The differentiation of different types of dementia is based on the
combination of symptoms and different pathological mechanisms within the brain (see
Table 1.1. for a summary of most prevalent dementias as described in Robinson, Tang,
and Taylor (2015)). Following the National Institute on Ageing 2011 guidelines, an “all
cause dementia’ can be diagnosed when an individual shows cognitive (involving two or
more domains) or/and neuropsychiatric symptoms (not explained by delirium or other
psychiatric disorders), that interfere with their social and occupational life. A component

of progressive deterioration should also be present (McKhann et al., 2011).
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Table 1.1. Summary of main types of dementias adapted from Robinson et al. (2015)

Type of Dementia

Main characteristics

Alzheimer’s disease

Frontotemporal Dementia

Vascular dementia

Dementia with Lewy Bodies

Parkinson’s disease with
dementia

Posterior cortical atrophy

Other uncommon causes to
dementia

. Most prevalent cause for dementia

. Memory loss as early indicator of the disease

. At least one other cognitive domain impaired, can include
language, executive function, visuospatial deficits for example.

° More common in younger age groups (50-60 years)

. The most common clinical type is behavioural variant
frontotemporal dementia, with changes in personality and behaviour.
. Disinhibition and impulsiveness can be features.

. Memory function can be intact early on

. Wide range of signs and symptoms depending on extent,
location, and severity of the cerebrovascular disease

° Symptoms can develop abruptly after a stroke or more
insidiously with small vessel disease

° Memory loss can be a feature but typically is less noticeable

than in Alzheimer’s disease. Language, information processing,
decision making, and visuospatial deficits can also be found

. Mood changes and apathy are common symptoms; can co-
occur with Alzheimer’s disease and this is termed mixed dementia
. Complex visual hallucinations are a key feature. In the early

stages they may only occur during periods of physical stress (for
example, infections) or at night time and may be followed by more
subtle visuoperceptual symptoms—for example, illusions

. Parkinsonism (tremor, slowed movements, postural
instability, shuffling gait) is also a feature. Tremor may be less
evident, but people with early dementia with Lewy bodies may be
slower in movements and more prone to falls

. Fluctuations or noticeable variations in cognitive function
can occur and can be difficult to separate from delirium

. Autonomic symptoms may occur—for example, postural
hypotension

. Sleep disturbances such as rapid eye movement sleep
behaviour disorder (shouting out or moving while asleep) can occur
many Yyears before the onset of dementia

. As many as 80% of patients with Parkinson’s develop
dementia
. Symptoms are similar to those of dementia with Lewy

bodies, although motor Parkinson’s symptoms typically predate
cognitive and psychiatric symptoms by more than a year

. A less common form of Alzheimer’s disease, which tends
to affect younger people (50s and 60s)
. Visual agnosias (difficulties with recognizing faces, objects,

or perceiving more than one object at a time), apraxias (motor
planning difficulties), acalculia (difficulty with calculation), and
alexia (difficulty reading) are symptoms

. Memory can be preserved early on

. Alcohol related dementia, Creutzfeldt-Jakob disease, HIV
related cognitive impairment, Huntington’s chorea, corticobasal
syndrome,movement related dementias (for example, progressive
supranuclear palsy), multiple sclerosis, Niemann-Pick disease type C,
pressure hydrocephalus
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1.2.1.2.2.  Alzheimer’s disease (AD)

The most common type of dementia and the type of dementia examined in this
thesis is that of AD, encompassing over 50 % of dementia cases and an approximate 24
million cases a year worldwide, and increasing (Mayeux & Stern, 2012). In order to meet
criteria for a clinical diagnosis of probable AD, the criterion for ‘all cause dementia’ must
be met and existing symptoms must not be caused by vascular disease or other types of
dementia. Though progressive deficits in episodic memory are characteristic of typical
AD (see Table 1.1.), non-amnesic presentations (where language, executive functions
and or visuospatial abilities are deteriorating) can also form part of this diagnosis
(McKhann et al., 1984; McKhann et al., 2011). As AD progresses an array of different
impairments can manifest across various cognitive abilities affecting executive functions,
attention, language etc. (see also section 1.1.2.). Finally, in order to establish a definite
diagnosis of AD, in addition to the progressive cognitive and behaviour decline, post
mortem analysis of the pathological brain process should confirm the presence of
extracellular amyloid plaques, intracellular neurofibrillary tangles and neuronal death

(Serrano-Pozo, Frosch, Masliah, & Hyman, 2011).

1.3. Definition & contextualization of anosognosia

Historically, the syndrome of anosognosia was described for the first time over
100 years by von Monakov in 1885 and neurologists Anton and Pick in 1898, before the
term was first coined (Prigatano & Schacter, 1991). It was not until 1914, that Babinski
described unawareness for motor impairment (i.e., hemiplegia) under the term of

anosognosia. The etymology roots of its origins are ascribed to ancient Greek.
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Anosognosia thus translates to a- a-, "without", voococ nosos, "disease" and yvdoig
gnosis, "knowledge". This term is now widely used to describe unawareness or lack of
insight of motor impairments (Jenkinson, Preston, & Ellis, 2011); cognitive deficits
(Adair, Schwartz, & Barrett, 2003; Agnew & Morris, 1998; Rubens & Garrett, 1991);
and behavioural disturbances (i.e., socially inappropriate behaviours) following brain
damage and psychiatric disorders (Gilleen, Greenwood, & David, 2010; Prigatano, 1991)

(see also Mograbi & Morris, 2018 for a recent definition of anosognosia).

Studying disordered awareness in clinical populations has critical implications
for patients’ treatment and care plans. Decreased awareness of deficits or symptoms in
patients with motor or cognitive loss, has been associated with a variety of societal and
clinical consequences. For example, patients suffering from anosognosia, tend to engage
and benefit less from clinical management, and be less independent when making
treatment decisions (Appelros, Karlsson, Seiger, & Nydevik, 2002; Cosentino, Metcalfe,
Cary, De Leon, & Karlawish, 2011; Cosentino & Stern, 2005; Giallanella & Mattioli,
1992; Koltai, Welsh-Bohmer, & Schmechel, 2001; McGlynn & Schacter, 1989;
Prigatano, 2008). Studies have also observed a higher likelihood of riskier behaviours in
those patients unaware of their difficulties (Cotrell & Wild, 1999; D'Imperio, Bulgarelli,
Bertagnoli, Avesani, & Moro, 2017; Kaszniak, Keyl, & Albert, 1991; Starkstein, Jorge,
Mizrahi, Adrian, & Robinson, 2007; Wild & Cotrell, 2003). Further, those responsible
for patients’ care report higher degrees of stress and burden (DeBettignies, Mahurin, &
Pirozzolo, 1990; Prigatano, 2005; Rymer et al., 2002; Seltzer, Vasterling, Yoder, &
Thompson, 1997). These examples alone, provide some insight as to how crucial it is to

forward our understanding, continuing our efforts in understanding the underlying
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mechanisms and associated phenomena of anosognosia. Further, the study of patients
who suffer from deficits and their associations observed between unawareness and
cognitive, psychological, neural aspects may provide an important basis towards clearer

understanding of how intact self-reflective processes function in healthy adults.

Though it has been over 100 years since it was first described, and much has
advanced in the field since, anosognosia or unawareness is a construct that remains
largely unknown. Many different underlying cognitive, emotional, and social factors
have been related to it, but no unified theory has succeeded in embracing the complex
array of manifestations of this disorder (see Table 1.2. for summary of major theories for
anosognosia). More recently, a movement towards a multifactorial representation of
anosognosia has gained wider acceptance, acknowledging the unlikelihood of one single
factor underlying this complex disorder (Cocchini, Beschin, & Della Sala, 2012;
Cocchini, Beschin, & Sala, 2002; Davies, Davies, & Coltheart, 2005; Fotopoulou, 2014;
Gainotti, 2018; Marcel, Tegnér, & Nimmo-Smith, 2004; Orfei et al., 2007; Vuilleumier,

2004).
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Table 1.2. Summary of hypotheses on anosognosia following acquired brain injury adapted from Vocat &

Vuilleumier (2010)

Study

Theories and mechanisms proposed

Babinski (1914);
Critchley (1940)

Weinstein and
Kahn (1955)

Geschwind,
(1956)

Bisiach et al.
(1986)

McGlynn &
Schachter (1989)

Levine (1990)

Heilman et al.
(1992)

Starkstein et al.
(1992)

Feinberg (1997)

Agnew & Morris
(1998);Morris &
Mograbi (2013)

Clare (2004);
Ownsworth et al.
(2006)

Marcel et al.
(2004)

Vuilleumier
(2004)

M. Davies et al.
(2005)

Berti & Pia
(2006);
Fotopoloulou
(2012)

Rosen (2011)

Sensory and/or proprioceptive feedback deficits prevent patients from realising they have a
deficit

Denial and personality traits: Psychological mechanisms protect the ego from hurtful or painful
information regarding the self (e.g., deficits).

An underlying language impairment prevents patients from appropriately expressing
awareness.

Spatial or personal neglect/dyschiria prevent patients from becoming aware of motor deficits
due to a lack of attention to the deficit and or lack of ability to know which side of the body has
been touched.

CAS model: Patients fail to become aware of their deficits due to an impairment in a general
conscious awareness system that supervises information regarding one’s abilities.

Discovery theory: Proprioceptive deficits exacerbate an impairment in inference preventing
patients from becoming aware of their motor difficulties.

Feedforward theory: Deficits in the forward component (e.g., intentions and predictions of
motor movement) of a motor comparator system.

Deficits in mental flexibility and memory abilities prevent patients from becoming aware of
their deficits

Deficits in attention to the side of the lesion (Neglect) and memory disturbances
(confabulation) lead to unawareness of deficits.

CAM model: Three different types of unawareness based on their underlying mechanisms (e.g.,
mnemonic (memory), executive (executive functions) and global anosognosia (conscious
awareness system).

Biopsychosocial model of anosognosia: Unawareness should be explained through different
aspects relating to social, biological and psychological factors (e.g., personality).

Overestimation of self-performance and lack of mental flexibility.

ABC model (deficits in appreciation, beliefs, and checks).

Two-factor theory: anosognosia for hemiplegia can be understood under the two-factor theory
of delusions arising from a neuropsychological deficiency

Impairment of monitoring between predicted and desired motor outcomes and the sensory
feedback from the actual motor outcome.

Self-Monitoring deficits affected by negative mood states.
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Clinical manifestations of this syndrome have portrayed a disorder with a large
range of variability in its presentation and associated phenomena. For example,
anosognosia is a graded syndrome that can manifest with different degrees of severity
(Prigatano, 1991). A patient suffering from memory loss can be mildly aware that they
are having difficulties, meanwhile another might show a profound denial of a deficit
(Prigatano, 1991, 2010). As highlighted earlier, this disorder has very important clinical
implications with those more unaware of their deficits suffering from less independence,
more risk and overall more difficult management than those aware (Fleming, Strong, &
Ashton, 1998; Kelleher, Tolea, & Galvin, 2016; Rymer et al., 2002; Seltzer et al., 1997;

Sherer, Oden, Bergloff, Levin, & High, 1998; Wild & Cotrell, 2003).

In patients with ABI and/or dementia, different deficits can coexist, and
awareness for these deficits has also been shown to dissociate. For example, a patient
with two coexisting deficits, might be unaware of one deficit and have an adequate
awareness for the other (Breier et al., 1995; Cocchini, Crosta, Allen, Zaro, & Beschin,
2013; Kinsbourne & Warrington, 1963). Even within a deficit that they show
unawareness for, they might be aware of part of the deficit, but not the other (e.g.,
dissociations of awareness between upper and lower limbs in anosognosia for motor
impairment - Berti, Ladavas, & Della Corte, 1996; Della Sala, Cocchini, Beschin, &
Cameron, 2009; Ramachandran, 1995). Even more puzzling is the differentiation
between what a patient says about his or her deficits (i.e., explicit awareness) and how
they behave (i.e., implicit awareness). Several studies have shown that these two can also
differ. For instance, a patient might be able to explicitly acknowledge that they have a

motor deficit such as hemiplegia, but attempt to pick up things with both hands or try to
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stand up and walk (Cocchini, Beschin, Fotopoulou, & Della Sala, 2010; D'Imperio et al.,

2017; Fotopoulou, Pernigo, Maeda, Rudd, & Kopelman, 2010).

Unawareness of deficits can also manifest with accompanying symptoms or
syndromes. Some of the most salient psychiatric or positive phenomena are observed in
anosognosia for motor deficits. One of these psychiatric phenomena is known as
somatoparaphrenia (Gerstmann, 1942). Following Gerstmann’s 1942 definition, for this
syndrome to occur, a patient must be experiencing (i) acquired contralateral motor
deficits, (ii) unawareness of such deficits and (iii) delusional beliefs of the limbs affected
by these deficits (Feinberg & Venneri, 2014). These delusional beliefs are specific to
body ownership defined by Jenkinson, Moro, and Fotopoulou (2018) as the *“sense,
feeling or judgement that body belongs to me and is ever present” (p.1). Body ownership
delusions are not specific to somatoparaphrenia and can also be observed in other
delusions accompanying anosognosia such as asomatognosia. While somatoparaphrenia
typically includes delusions of disownership or misidentification, asomatognosia
typically entails delusions of existence, visual self-reflection and sense of belonging of
the contralateral limb (Jenkinson et al., 2018). Other positive syndromes associated with
anosognosia for motor deficits include misoplegia and anosodiaphoria (Critchley, 1953,
1974). Misoplegia is observed when a patient in addition to being unaware of their motor
deficit, manifests hatred and abuse against their paralyzed limb. Anosodiaphoria on the
other hand manifests when a patient shows a lack of caring or indifference towards the
paralyzed limb (Babinski, 1914). Delusions that are not specific to motor deficits (e.g.,
confabulations) have also been observed. Confabulations can present with any deficit but

more commonly do so concomitant to impaired memory processes (Kopelman, 1987;
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Kopelman, 2010). Patients who confabulate express no awareness of their memory
deficits and make implausible claims about their abilities and their past memories with a
full conviction of telling the truth (Dalla Barba, 1993; Moscovitch, 1995a).
Confabulation is not necessary to be unaware of one’s deficits but those that confabulate

have been systematically shown to be unaware of their memory deficits (Schacter, 1991).

1.3.1.  Challenges in the study of anosognosia

The field of the study of anosognosia faces multiple challenges. As described in
the previous sections this disorder presents with an intrinsic complexity that makes its
underlying structure hard to tease apart. The variability of deficits accompanying
awareness and the variable degrees of awareness observed across different samples has
highlighted the unlikelihood of a single factor explaining anosognosia. Further studies
that examine patients with unawareness from a multifaceted framework are necessary,
that is from a framework that approaches the patient from a multidimensional perspective
(Clare et al., 2011; Cocchini et al., 2012; Davies et al., 2005; Fotopoulou, 2014; Gainotti,
2018). Another challenge that the study of anosognosia and its future faces, is that there
is no gold standard in assessing patients’ awareness of their deficits. Many different
approaches, scales and assessments have been used from study to study. Thus, the
translation of each finding into a cohesive advancement of the field has been clouded by
methodological issues (see Chapter 3 for extensive review of assessment methods and
pitfalls). Though there is a growing understanding of this disorder, it is of key importance
to develop a standardized measuring instrument across different deficits that could shed

some needed light on the common yet unknown anosognosic disorder.
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1.3.2.  Anosognosia for memory loss

Earlier descriptions of unawareness for memory deficits, date back to 1889 when
Korsakoff first described patients suffering from a thiamine deficiency disorder, now
bearing his name, who seemed unconcerned about the mnemonic difficulties
consequential of their deficiency (Prigatano & Schacter, 1991). Other amnesic patients
from different etiologies, such as ruptured aneurysm of the anterior communicating artery
or frontal tumors, have also been found to underestimate their memory deficits (Luria,
1976; McGlynn & Schacter, 1989; Vilkki, 1985). Unawareness though, does not
consistently accompany memory loss, and some patients with dense amnesia have been
reported as acutely aware of their deficits (Milner, Corkin, & Teuber, 1968; Rose &
Symonds, 1960). Many studies examining unawareness of memory deficits have
followed these early descriptions in an attempt to elucidate what factors underlie this
fascinating syndrome. Although unawareness of memory loss can manifest in a variety
of etiologies of memory loss, most of the recent literature has focused on patients with
AD. Indeed, some of the most influential theoretical models have been developed based
on data derived from patients with AD (e.g., Agnew & Morris, 1998; Clare et al., 2011;

Mimura, 2008).

The prevalence of anosognosia for memory impairment is also majorly derived
from studies with individuals diagnosed with AD. Studies examining patients with AD,
show a very variable prevalence of anosognosia throughout the literature with reports
from 20% (Clare, 2004a) up to an 80% (Sevush & Leve, 1993). The prevalence of
anosognosia for memory loss in patients suffering from Mild Cognitive Impairment

(MCI), a condition believed to be a precursor of AD, has been reported as high as 60%
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(Vogel et al., 2004). Further a recent paper by Gerretsen et al. (2017) found that the
presence of anosognosia was predictive of the conversion from MCI to AD. Within the
ABI literature, studies from patients with TBI have shown that between 30 % and 40 %
of patients with moderate to severe injuries will have some degree of unawareness of
their behavioural and neuropsychological deficits, including memory loss (Fischer,
Gauggel, & Trexler, 2004; O'Keeffe, Dockree, Moloney, Carton, & Robertson, 2007;
Prigatano, 1996; Prigatano, Altman, & O'Brien, 1990). Studies with other ABIs such as
stroke have also observed a variable prevalence of anosognosia for cognitive difficulties,
including memory loss, with some studies reporting between 39 % and 72 % of patients
as having variable degrees of unawareness (Anderson & Tranel, 1989). When memory
in isolation was examined the reported prevalence of unawareness was of 27 %
(Hartman-Maeir, Soroker, Ring, & Katz, 2002). The extent of recovery of awareness of
memory loss has not been systematically assessed but there is evidence from a single
case study that residual unawareness can manifest up to 13 years post a TBI (Hoofien,

Gilboa, Vakil, & Barak, 2004).

As for the correlates associated with anosognosia for memory loss, conflicting
evidence can be found across studies. For example, although some studies have found an
association between severity of dementia and unawareness (Barrett, Eslinger, Ballentine,
& Heilman, 2005; Duke, Seltzer, Seltzer, & Vasterling, 2002; Gerretsen et al., 2017;
Mangone et al., 1991; Migliorelli et al., 1995; Sevush & Leve, 1993; Starkstein, Sabe,
Chemerinski, Jason, & Leiguarda, 1996), others did not find such association (Clare &
Wilson, 2006; Correa, Graves, & Costa, 1996; DeBettignies et al., 1990; Kotler-Cope &

Camp, 1995; Michon, Deweer, Pillon, Agid, & Dubois, 1994; Reed, Jagust, & Coulter,
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1993). Further examinations have explored if specific cognitive dysfunctions in memory
and executive abilities are the primary root of the disorder (see Agnew & Morris, 1998;
Ansell & Bucks, 2006; Morris & Mograbi, 2013). However, the associations between
anosognosia and memory (Derouesne et al., 1999; Reed et al., 1993; Starkstein et al.,
1995) and executive function (Lépez, Becker, Somsak, Dew, & DeKosky, 1994; Michon
et al., 1994; Reed et al., 1993; Starkstein et al., 1996) have been largely inconsistent,

raising the question of what other mechanisms may be at play.

Although differences in sampling and methodologies can partly explain some of
the inconsistent results across studies (Brookes, Hannesdottir, Markus, & Morris, 2013;
Clare, Marcova, Verhey, & Kenny, 2005; Cosentino & Stern, 2005), several cognitive
theories have proposed that processes specific to self-evaluation, that is, metacognitive
monitoring processes, may have a unique contributing variance, and hold an instrumental
role in the emergence of awareness of one’s deficits (see Agnew & Morris, 1998;
Chapman et al., 2018; McGlynn & Schacter, 1989; Rosen, 2011). Paradoxically though
the notion of the self is at core of this disorder, different evaluative measures of the self,
have not been systematically assessed within anosognosia. Experimental self-evaluative
paradigms may hold promise in the advancement of what factors interplay in anosognosia
(see Chapter 5 where these factors are examined) (Cosentino, Metcalfe, Butterfield, &
Stern, 2007). Moreover, as awareness may be a dynamic multileveled phenomenon
different factors that contribute towards the expression of this syndrome may co-occur.
Underlying correlates of anosognosia may thus go beyond the cognitive or sensory
deficits associated with the ABI or dementia and may span into cultural, social and

psychological domains (Clare, 2004b; Clare et al., 2011). To this date, no single theory
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can explain anosognosia leading to proposals where a more comprehensive examination
of different factors are considered (Clare et al., 2011; Clare, Nelis, Martyr, Roberts, et

al., 2012).

1.3.2.1. Theoretical landscape of anosognosia for memory loss

1.3.2.1.1. The Conscious Awareness model (CAM)

From a cognitive approach, Agnew and Morris developed a neuropsychological
model for anosognosia for memory impairment in AD (Agnew & Morris, 1998;
Hannesdottir & Morris, 2007; Mograbi & Morris, 2013; Morris & Hannesdottir, 2004).
This model provides a modular view on anosognosia by which different modules
collaborate to give rise to self-awareness of memory functioning. As depicted in Figure
1.1., information regarding one’s own performance or abilities is initially processed
through domain specific modules (i.e., language, visual, and motor) and then encoded in
different memory systems based on the qualitative properties of the memories. For
example, information regarding past experience is stored in episodic autobiographical
memory (i.e., memory of past events relating to oneself) and information not specific to
the self is stored in generic memory. Based on the information acquired about one’s own
abilities over time, the Personal Database (PDB) holds a semanticized (more general and
decontextualized) conceptualization of one’s abilities. As part of the monitoring
processes that give rise to awareness, the CAM model includes central Cognitive
Comparator Mechanisms (CCMs) hypothesized to operate underlying executive function
control, and local (domain specific) comparator mechanisms (i.e., Cn). These
comparators compare information regarding ongoing experience with the information

held in memory (e.g., episodic) and in the PDB. If a mismatch is observed, the
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information in the PDB gets updated and this information is fed to the metacognitive
awareness system (MAS) where the current mismatch and the updated PDB is made
conscious (e.g., can be explicitly expressed). This information can also be held at an
implicit level which can then be manifested through behaviour (e.g., a patient gets upset
when they make a memory mistake without acknowledging explicitly that they made a
mistake or that their memory overall has deteriorated). The proposed global and local
comparators mechanisms can explain why different monitoring deficits can be observed
in anosognosia. For example, if a domain specific comparator (Cn) is impaired then an
individual would be unaware of that specific domain (e.g., motor functioning (Cm)). On
the other hand, if the central CCMs are impaired the individual would be unaware of all

deficits (see description of executive anosognosia below).
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Figure 1.1. A modified version of the Conscious awareness model (CAM) adapted from
Morris and Mograbi (2013).

To encompass different features and dissociations found in anosognosia for
memory impairment, three types of unawareness of memory difficulties can be discerned
in this model: (i) Mnemonic anosognosia; (ii) Executive anosognosia and (iii) Primary
anosognosia. Individuals suffering from mnemonic anosognosia, have an inability to
encode and recall the information about their memory mistakes (i.e., they forgot that they
forgot). Following the model this translates as a degraded pathway between the CCMs
and the PDB. A mnemonic anosognosiac may be able to detect the mistake when they
make it, but this cannot translate to a long-lasting change of their own knowledge of their
abilities (Ansell & Bucks, 2006). Though individuals may not be able to show long term
explicit awareness of their memory failure, they may exhibit some implicit knowledge,

as the pathways between implicit memory and the CCMs are theorized to be intact.
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Individuals suffering from executive anosognosia, won’t show awareness within short or
long term as their mistakes cannot be compared due to an impaired CCMs at a central
level. This means that even if the memory mistake is registered, the monitoring system
is not able to detect a mismatch between intentions and performance (memory failures).
Individuals with primary anosognosia, are defined as having a dysfunctional MAS
system, therefore a lack of metacognition is present at an explicit level. These individuals
nevertheless may still have some implicit information and may show emotional reactions

when confronted with the failure (Mograbi & Morris, 2013).

The variety of presentation in anosognosia for memory deficits is thus represented
in this model as different types or subtypes of this disorder. Within AD, these are thought
to be representative of the degenerative process and the consequent neuroanatomical
damage characteristic of the disease (Agnew & Morris, 1998). For example, mnemonic
anosognosia has been suggested as especially prevalent at initial stages of AD as earlier
stages of the disease are characterized by a decline in new learning and retrieval and
atrophy of the hippocampus and medial temporal lobe (Braak & Braak, 1991; Hyman,
Van Hoesen, Damasio, & Barnes, 1984; Squire, 1992). Primary and executive
anosognosia will then be more likely to manifest when the progression of AD has reached
frontal areas (Ansell and Bucks, 2006). This model has not been systematically assessed
except in one paper by Ansell and Bucks, (2006) who showed only partial support for
mnemonic anosognosia testing early stages AD’s patients and has not been assessed in

other patients such as those suffering from ABI.
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1.3.2.1.2. Self-monitoring model

The self-monitoring model is a model that builds from the CAM and expands to
include factors such as emotional processing that were neglected in the previous model.
This model was posited by Rosen (2011) and in line with Morris and Hannesdottir
(2004), establishes the basis of awareness on the outcome of performing a determined
cognitive task (e.g., forgetting an appointment). Following Rosen’s (2011) proposed
model every time an individual succeeds or fails at a determined task, they re-evaluate
their functioning based on the prior knowledge they have of their performance. If the
outcome of the task repeats itself often and is discrepant with the individual’s
representation of their functions, this representation will eventually be updated with the
new information. This evaluative process will then lead to new beliefs and predictions of
how well they will do if they encountered a similar task in the future. The novel aspect
of the model is that it accounts for the possible mediating role of emotional processes
within anosognosia for memory loss (see Chapter 4 for full description of motivational
accounts of anosognosia for other deficits). These include motivation and emotional
processing that are hypothesized to influence the monitoring processes separately and

interactively (see Figure 1.2.).
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Motivational factors are proposed to precede and determine how precise and
focused the monitoring processes will be ahead of a task. As noted by Rosen (2011),
some studies have shown an association of psychological factors such as apathy or
depression with anosognosia (Cines et al., 2015; Derouesne et al., 1999; Starkstein,
Brockman, Bruce, & Petracca, 2010; Starkstein, Jorge, Mizrahi, & Robinson, 2006).
Following Figure 1.2., greater levels of negative mood can affect individuals’ initial
motivation to closely monitor their performance and consequently diminish their
emotional processing when performing a task. Therefore, when an error is committed, a
faulty emotional processing fails to flag it as significant and thus impairing a key step in
the process by which individuals update their semantic representation of themselves. For
example, if a healthy individual has an important appointment of strong emotional
significance (e.g., a highly competitive job interview), they would be highly motivated
to monitor this process closely; further if they forgot and missed the appointment their

error would be flagged as significant and their semantic representation of themselves
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updated. This motivation to monitor and in turn flagging of salient errors would be thus
affected by mood disorders and an individual with anosognosia will not monitor their
appointment as closely and thus when they forgot they would not experience a salient

emotional reaction to it.

1.3.2.1.3. Biopsychosocial model

A biopsychosocial model, acknowledges the need to understand not only the
physical components of a disease or disorder, but also psychological, social and cultural
factors as associated components within each individual (Engel, 1980). Following this
framework Clare (2004b), suggested that it is very unlikely that only cognitive or neural
factors can explain the complexity of awareness of abilities and that social, cultural and
psychological processes may impact the way we evaluate ourselves. These factors were
derived from integrating many of the elements proposed in different disciplines such as
neurology, neuropsychology, psychology, psychiatry and social constructivism. In the
centre of the model of awareness is located the sense of self. This sense of self interacts,
and becomes affected by factors in biological, social, cultural and psychological levels.
Each level contributes a unique set of variances. For example the psychological level
would provide the coping mechanisms that help protect the self against the threat of a
disability (Weinstein, 1991) interfering with an accurate appraisal of one’s abilities. On
the biological level, contributions underlie the actual neural injury and the subsequential
cognitive deficit. Deficits such as memory or executive impairment can influence the
updating of one’s abilities (Agnew & Morris, 1998; Mograbi, Brown, & Morris, 2009;

Mograbi & Morris, 2013; Mograbi & Morris, 2018; Morris & Mograbi, 2013). At a social
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level, interpersonal interactions can determine how much of one’s self concept is shared

and how it is interpreted (Clare, 2004a; Harre, 1987).

Following nearly 10 years of research, this model has evolved to a succinct
conceptualization of levels of awareness and specific associated factors that may affect
each level (Clare et al., 2011). As depicted in Table 1.3., this conceptualization specifies
different levels of awareness, the operations involved, the commonly used measures, and
the types of factors that can affect each. Thus, this conceptualization is an integration of
a biopsychosocial approach into awareness. For example, the extent of the neurological
damage, cognitive deficits and psychological factors, such as mood and personality, can

all interfere at different levels of awareness.
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Table 1.3. Biopsychosocial or hierarchical model of awareness — (Modified from Clare et al., 2011).

Level of Processes involved Commonly Factors associated
awareness assessed by with awareness
Sensory Registration of basic Observation of Rate of occurrence of
. . sensory and perceptual behavioural and/or stimuli/events;
registration : 2 o
information verbal response sensitivity and
accuracy of
observation
Performance Monitoring ongoing Comparing self- Cognitive function;
monitoring task perform_ance_ as it ratings of task _ individual_
occurs, and identifying performance with psychological factors;
errors objective test task characteristics;
Scores. and familiarity with

or opportunities to
engage in task

Evaluative Judgements about Comparing self- Cognitive function;

. symptoms, changes or ratings with individual

judgement A i - . . .
impairments, or specific informant ratings psychological factors;
aspects of one’s on a parallel informant
abilities, performance, measure. perceptions;
functioning, or situation informant factors;

contextual factors;
and characteristics of
the measure used

Meta- Reflection on one’s In-depth interview Individual
. situation and changes with participant psychological factors;
representation - - o o
experienced, self- and possibly also cognitive function;
reflection, considering informant context; relationship
the perspective of with interviewer; and
others. interviewer’s

interpretation

Summary of different levels of awareness, measures and aspects that can influence the expression of
awareness.

1.4. Moving forward

Even though there has been a significant advancement in the study of
unawareness of memory deficits, our understanding of this construct remains incomplete.
Methodological concerns have been raised from the multiple and different measures and
sampling processes involved in each study. A push for more reliable assessments is key
for the advancement of the field (Cocchini et al., 2012). Taking these limitations into

account, theoretical approaches have shown a growing acceptance that underlying
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monitoring processes have an important role in how one makes higher order judgements
of a specific deficit, such as memory impairment. Further, other factors such as
underlying neurological, mood and personality factors can play a role in explaining
different levels of awareness and should be considered (Agnew & Morris, 1998; Clare et
al., 2011; Cosentino et al., 2007; Cosentino, Metcalfe, Cary, De Leon, & Karlawish,
2011; Rosen, 2011; Rosen et al., 2014; Schacter, 1990). The progressive nature of the
AD may present a limitation for the study and the development of the understanding of
anosognosia as the progression of cognitive difficulties may cloud the interpretation of
results. Other conditions that can also lead to anosognosia of memory impairment include
ABIs, of traumatic or vascular nature, and have been quite neglected in the assessment,
even though these patients can present with specific impairment that can help elucidate
what processes are key for the emergence of anosognosia. This thesis will attempt to
overcome some of the methodological concerns in the assessment of anosognosia and
explore multifaceted processes that may play a role in patients’ unawareness of memory

loss.
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Chapter 2

Main Research Questions & Methods
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Summary of Chapter

Following the general introduction in Chapter 1, this chapter provides an
overview of the main research questions included in this thesis. Main methodological
aspects relevant to the studies included in this thesis are discussed including ethical
approvals, description of participants, main measures used across different studies and

main statistical analyses conducted.

2.1. Main Research Questions

2.1.1. Measuring anosognosia for memory loss

2.1.1.1. Measuring Anosognosia: The Visual Analogue Test for Anosognosia

for Memory impairment (VATAmem) (Chapter 3)

Although anosognosia as a syndrome was coined over a 100 years ago (Babinski,
1914), the assessment process to measure anosognosia is still underdeveloped (Clare et
al., 2002; Clare, Wilson, Carter, Roth, & Hodges, 2002; Cocchini, Gregg, Beschin, Dean,
& Della Sala, 2010; Della Sala et al., 2009; Markova & Berrios, 2001). Many authors
have expressed concern for the great variety and lack of standardization of measures
across studies examining unawareness deficits. The lack of a gold standard has thus
clouded the interpretation of underlying factors associated with this phenomenon
(Cosentino et al., 2007; Jenkinson et al., 2011). It is also important to consider that
different existing measures might be tapping into different mechanisms or levels of
awareness, and that these might not share the same contributing mechanisms (Clare et
al., 2011; Morris & Hannesdottir, 2004). Thus following McGlynn and Schacter (1989),

in order for the field of anosognosia to move forward, a clear conceptualization of the
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object of anosognosia (e.g., unawareness of specific deficits versus overall disease) is
necessary, along with the production of more specific and quantifiable measures of this

disorder (see also Clare et al., 2002; Clare et al., 2005).

As it is unlikely that one measurement will capture all different components or
levels of awareness, it is important that future research examines anosognosia with a
variety of measures. A combination of measures can help understand how each
component contributes to awareness and consequences associated with it (Cocchini et
al., 2012; Cosentino et al., 2011). In order to do so, we first need to improve our current
measures assessing anosognosia. The first aim of this thesis (Chapter 3) is to review
current and past measures of anosognosia for memory loss and to develop a new tool that
builds upon existing measures and attempts to improve how we measure anosognosia for

memory loss.

2.1.2. Underlying mechanisms in anosognosia for memory loss

As the research of anosognosia moves forward, leading theorists agree that no
single factor can explain this disorder and multifaceted approaches are needed to
understand how each factor contributes to the presentation of unawareness (Clare, Nelis,
Martyr, Roberts, et al., 2012; Cocchini et al., 2012; Gainotti, 2018; Jenkinson et al.,
2011). This section is aimed at examining different factors that can contribute towards
anosognosia for memory loss, including psychological factors, neuroanatomical factors

and self-evaluative or self-monitoring factors.

2.1.2.1. Personality and mood factors in anosognosia (Chapter 4)
Psychological processes such as premorbid personality traits or mood have been

proposed as key mechanisms on how we shape our consciously conceived ideas about
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ourselves and the world (McCrae & Costa, 1987; Moore & Fresco, 2012; Serfass &
Sherman, 2013). Within the study of anosognosia, classic conceptualizations have
defined lack of awareness as a protective reaction to the loss of an ability, with those with
specific personality traits, such as conscientiousness, being more prone to ‘denial’
reactions (Nardone, Ward, Fotopoulou, & Turnbull, 2008; Weinstein, 1991; Weinstein
& Kahn, 1955). Interestingly, more recent examinations of personality traits and
unawareness (Clare, Nelis, Martyr, Roberts, et al., 2012; Colvin, Malgaroli, Chapman,
MacKay-Brandt, & Cosentino, 2018) have found seemingly contradictory results to that
of the classical proposal of Weinstein and Kahn (1955).

Other factors such as mood, seem to also play a role in how we evaluate our
reality. For example, negative mood can affect the way we evaluate ourselves and our
outcomes (Msetfi, Murphy, Simpson, & Kornbrot, 2005). With regard to anosognosia,
there seems to be an inverse relation between unawareness of deficits and depression
(Bertrand et al., 2016; Cines et al., 2015; Conde-Sala et al., 2014). This relation though
has not been consistently observed, and other studies have shown no association between
negative mood or depression and anosognosia (Cocchini et al., 2013) and thus to this date
the role of premorbid personality and mood over anosognosia is still unclear. If
personality and mood do indeed affect how we evaluate our abilities, it is thus crucial
that we continue our efforts to comprehensively examine this question in patients who
are suffering from anosognosia. Chapter 4 presents new results regarding both mood and
personality traits in a sample of patients with variable levels of awareness following

stroke.

2.1.2.2. Self-Monitoring mechanisms in anosognosia (Chapter 5)
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As introduced earlier, the examination of specific cognitive abilities such as
memory or executive functions have introduced mixed results (Derouesne et al., 1999;
Lopez et al., 1994; Michon et al., 1994; Reed et al., 1993; Starkstein et al., 1996;
Starkstein et al., 1995) suggesting that other mechanisms might also play a role in
patients’ awareness of memory deficits. Several cognitive theories, such as the CAM
model, have shared the assumption that processes specific to self-evaluation, that is,
monitoring processes can hold an instrumental role in becoming aware of one’s deficits
(see Agnew & Morris, 1998; McGlynn & Schacter, 1989; Rosen, 2011). Self-monitoring
processes can be understood as uniquely self-evaluative, one that operates outside of
primary cognitive abilities, and by which an individual evaluates aspects of one’s own
thoughts, intentions and actions from that of others or the external world (Chapman et
al., 2018). Following the CAM model a mnemonic monitoring impairment has been
proposed as one underlying process by which anosognosia may manifest (i.e., executive
anosognosia (Agnew & Morris, 1998). The extent and the mechanisms underlying this
impairment are yet to be examined. Chapter 5 will build on the proposed mnemonic
monitoring impairment by the CAM model and examine what specific monitoring
processes break down in tandem with anosognosia for memory loss. Three studies are
included in this chapter. The first chapter examines if lower levels of awareness (i.e.,
ongoing memory performance monitoring) are impaired in stroke patients unaware of
their memory loss compared to those aware. The second study aims to explore if deficits
of lower awareness are domain specific or if they expand to other domains such as

ongoing motor monitoring. Finally, study three explores what type of mechanisms
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specific to memory monitoring are impaired in patients with anosognosia for memory

loss.

2.1.2.3. Neural mechanisms underlying anosognosia (Chapter 6)

Chapter 6 will provide an examination of the most relevant studies examining
neurocorrelates of unawareness with memory impairment that have attempted to shed
some light on key brain areas correlated to anosognosia of memory loss. Few studies
have examined neuroanatomical correlates of anosognosia in patients suffering from
memory loss due to other etiologies other than dementia (Anderson & Tranel, 1989;
Hartman-Maeir et al., 2002). Examining neural correlates of unawareness of memory
loss in other etiologies is important as the progressive nature of dementia disorders may
cloud the interpretation of the different regions associated with unawareness (see Chapter
6). Indeed, patients with unawareness of memory loss due to specific brain injuries such
as stroke may allow the determination of specific anatomical lesioned regions that may
be key for unawareness of memory loss. Although many studies have examined the
neuroanatomy of anosognosia in ABI’s, these have largely examined anosognosia for
motor difficulties (e.g., Moro et al., 2016; Pia, Neppi-Modona, Ricci, & Berti, 2004;
Starkstein, Fedoroff, Price, Leiguarda, & Robinson, 1992; Vocat, Staub, Stroppini, &
Vuilleumier, 2010; Vocat & Vuilleumier, 2010). This chapter is an attempt to bridge the
gap of neural correlates of anosognosia of memory loss following an ABI. This chapter
is aimed at providing new results regarding location and extent of the lesion in relation
to anosognosia for memory loss. Further vascular burden will be included by examining
the integrity of white matter in relation to anosognosia in a sample of patients with

memory loss following stroke.
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2.2.  Methods

2.2.1. Recruitment and site of studies

All studies included in this thesis have been conducted in collaboration with two
major sites: St George’s stroke unit at the St George’s NHS Hospital in London (U.K.)
and the Neurological Institute at Columbia University Medical Centre, Columbia
University in New York (U.S.) A third site collaborated with this study recruiting
participants for the first study included in Chapter 3 at the Neuropsychology Unit of

Somma Lombarda Hospital in Italy.

2.2.2. Ethical approvals

Ethical approvals were sought at both main sites and were approved by all
recruitment site ethical bodies. Within the U.K., the ethical NHS committee West of
Scotland REC 5 provided a favorable ethical opinion by its committee on November
2014 (see Appendix 1). Within the U.S. two separate groups of participants were seen
(e.g., Stroke and AD patients). AD patients were recruited as part of a larger project
which was approved by The Institutional Review Board (IRB) of Columbia University
Medical Centre (see Appendix 2). A different protocol obtained favourable opinion by
IRB review for the recruitment of stroke patients (see Appendix 2). The local ethical
board at the Neuropsychology Unit of Somma Lombarda Hospital in Italy also approved
for this study. This was submitted by Nicoletta Beschin, head of the neuropsychology
unit at the site. No major ethical concerns were raised during the design or development
of the study. All participants gave written informed consent for the study (see Appendix

3-5).
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2.2.3. Participants

The overall sample of participants included in this thesis were suffering from
memory loss due to ABI or from degenerative disorders such as AD. Each chapter
delineates the specifics of the sample included for each study. The overall inclusion

criteria that participants follow throughout this thesis is as follows:

Inclusion criteria (patients with ABI)

I. Aged 18 to 90
I1. Acquired brain injury
I11. Referred as having memory difficulties

IV. Mini Mental Status Examination > 20
V. > 20 days after the acquired brain damage
VI. Patient must be able to provide consent for themselves in accordance with the Mental

Capacity Act (2005) guidelines.

VII. Fluent in English or Italian (depending on recruitment site)

Exclusion criteria (patients with ABI)
I. Major Psychiatric disease (excluding depression)

I1. Other illness that could have a major effect on cognitive function (i.e. dementia).

Inclusion criteria (patients with AD)

I. Aged 18 to 90
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I1. Diagnosis of AD following the criteria of the Neurologic Disorders and Stroke -

Alzheimer’s disease and Related Disorders Association (NINDS-ADRDA).

VI. Patient must be able to provide consent for themselves in accordance with the IRB at

Columbia University guidelines.

VII. Fluent in English

Exclusion criteria (patients with AD)

I. Major Psychiatric disease (excluding depression)

I1. Other illness that could have a major effect on cognitive function (i.e. acquired brain
injury).

I1l. Mini Mental Status Examination < 20.

2.2.4. Measures
This section will summarize common measures that will be used across several
chapters. Some chapters have unique measures and thus will be described within each

chapter.

2.2.4.1. Anosognosia

Anosognosia or unawareness of memory loss will be measured across all chapters
through the Visual Analogue Test for Anosognosia for memory loss (VATAmem). This
measure is fully described in Chapter 3 where its development and psychometric
properties are reported. One study (Study 2 in Chapter 5) used a different measure to

assess awareness (a modified version of Reed’s Clinically Rated Awareness (CRA)
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interview; Reed et al., 1993) as data collection started before the final version of the

VATAmem. The CRA interview is described in Chapter 5.

2.2.4.2. Cognitive Battery
2.2.4.2.1. BCoS, brain behaviour analysis cognitive screen

The BCoS, developed by Humphreys, Bickerton, Samson, and Riddoch (2012),
IS a cognitive battery designed to evaluate the neuropsychological profile of individuals
who have suffered from a stroke. The battery is designed to assess 5 main domains
including 1) Attention and executive functions; 2) Language; 3) Memory; 4) Number
skills; and 5) Praxis. This thesis only used the subtest of attention and executive
functions, language and memory in most studies described below. Some studies included
participants recruited at different times or centres (e.g., study in Chapter 5 and Chapter

3). In these cases different cognitive tasks were used and are described in each study.

The auditory attention task provides a measure of sustained and selective
attention. In this task 6 pre-recorded words are presented nine times each in a semi
random order. For half of the words the participant has to respond by tapping his or her
pen (i.e., target), and for the other half of words the participant is instructed to not respond
(i.e., distractor). Each target word (‘no’, “please’, ‘hello’) is related to the distractor word
(‘yes’, ‘thanks’, ‘goodbye’). Participants assessed undergo three blocks. Executive
function is measured through the rule finding and concept switching task. This task
consists of 17 6x6 grids, presented one at a time, with a black dot and 4 coloured squares
(see Figure 2.1.). The participant is instructed that the black dot can move in any direction
following a rule, but to be aware that this rule might change. The main goal of the task is

to learn to predict where the black dot will move to next, that is to learn the rule that
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guides it movements. For example, if the black dot had moved serially from left to right
previously, one should predict that the next location would be one square to the right
from its current position. In order to successfully complete this task the participant needs
to accurately infer three different rules or patterns of movement that the black dot

follows.

Figure 2.1. Adapted example of the rule finding & switching task (BCoS, Humphrey’s et al.,
2012)

The language subscale of the BCoS included the picture naming task. This
consists of 14 pictures of different objects, half living half non-living. This task measures
object recognition and access to the semantic knowledge of the object. The memory
subscales of the BCoS included in this study are those of story recall and recognition.
Specifically, these were used as screeners for inclusion in this study. This task consists
of a story with 15 segments to be recalled immediately after the learning trial and after a
20-minute delay. The recognition component is also administered immediately after the
recall and at the delay. For the recognition test there are 4 different choices for each

segment of the story, one correct answer and three distractors. For purposes of
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recruitment only those with impaired scores (i.e., below 1.5 SD) were included in the

studies.

2.2.4.2.2. The Rivermead Behavioural Memory Test (RBMT)

In order to assess memory functioning in the majority of the studies included in
this thesis, a memory test known for its ecologically valid properties was selected (i.e.,
The Rivermead Behavioural Memory Test (RBMT)) (Wilson, Cockburn, & Baddeley,
2003; Wilson et al.,, 2008). The RBMT is a memory test that assesses memory
impairment in everyday memory functioning. This test was developed to include tasks
that were more representative of real life memory difficulties. Throughout all studies but
one (Study two in Chapter 5) the RBMT (second version) is used to measure memory
loss in those patients who were enrolled following the screener. The RBMT-II includes
a total of 11 items that measure everyday memory mistakes commonly observed in

patients with impaired memory described below:

1&2. First and second name: The patient is shown a picture of a person and
given their first and last name. They are instructed to remember this as they

will be asked to free recall the full name after a delay.

3. Belonging: The patient is asked to provide the examiner with a belonging,
something that is not too expensive or valuable. The examiner then hides
the belonging as the patient observes. The patient is then instructed to ask

for the belonging when the examiner states: “We have finished this test”.
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4. Appointment: The examiner sets an alarm for 20 minutes and instructs
the patient to ask the following question when it rings: “When am | going

to see you again?”

5. Pictures: The examiner shows a set of 10 pictures for a few seconds each
and asks the patient to try to remember all of these as they will be asked to

recall later.

6. Story immediate & delayed: A story containing 14 segments is read to the

participant who is asked to recall immediately after and after a delay.

7. Faces: A set of 5 faces are presented to the patient who is asked to make
a judgement of whether they are male or female and if they are over or under
40 to ensure they encode the faces. They are asked to remember these as
they will be assessed after a delay. 8&9. Route immediate and delayed &
message: The patient is shown a small route around the room by the
examiner which includes 5 locations including start and finish. The
examiner starting point is where an envelope is lying, the examiner then
takes the envelope and walks around the room making strategic stops in
locations such as the window or the door. The examiner finishes where he
or she started and leaves the envelope in the same location. The patient is
then asked to mimic the route the examiner just completed and again after

a delay.
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10&11. Orientation and date: The patient is examined in their orientation
to time and space. Example of questions include: “What date is it?”; “Where

are we now?”; “What is the name of the Prime Minister of Britain?”.

Based on all these items, the RBMT-I11 provides an overall score ranging from 0-
24 that can represent normal memory (range = 22-24), poor memory (range = 17-21),
moderately impaired (range = 10-16) or severely impaired memory (range = 0-9).
Finally, the first study of this thesis (Chapter 3) included some participants recruited in
Italy who had received a newer version of the RBMT (e.g., RMBT-I1I1) (Wilson et al.,
2008). Similarly to the RBMT-II the RMBT-I1II provides an overall score for memory

functioning that can be used to categorize memory impairment as with the RBMT-II.

2.2.5. Statistical analysis
2.2.5.1. Power analyses

Three a priori power analyses were conducted for studies exploring underlying
mechanisms of anosognosia, one for psychological mechanisms (Chapter 4), one for
cognitive mechanisms (Chapter 5) and one for neural mechanisms (Chapter 6). Power
calculations were developed using the program G*Power 3.1.9.2. A priori power, effect
size and two tailed p value or alpha value were determined to calculate a minimum
sample size for behavioural and neuroanatomical studies respectively. A priori power, or
the probability of correctly rejecting the null hypothesis of 80% (Suresh &
Chandrashekara, 2012) and a two tailed alpha value of .05 were selected (Fleiss, 1981).
The a priori effect size was extrapolated from previous and relevant studies examining
similar questions as those posed in part two of this thesis.

Two papers were selected for the psychological process study included in chapter
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4 (i.e., Bertrand et al., 2016; Conde-Sala et al., 2014). Based on these studies, the average
effect size of the relation between mood and anosognosia was calculated. As reported in
Table 3 in Conde Sala and colleagues (2014) the effect size averaged to a d = 0.80 and
reported in results section in Bertrand and colleagues (2016) the effect size of the relation
between mood and anosognosia averaged to d = 1.75. These values reflect high effect
sizes, which is not unusual in neuropsychological studies. Two statisticians (Dr. Allen
and Mr. Griffiths affiliated with Goldsmiths College, University of London) suggested
considering the most conservative value for Cohen's d for the power calculations and thus
Cohen’s d = .80 was selected. Based on these values a priori correlational power analysis
recommended a minimum sample of 7 individuals for studies included in Chapter 4.

One study was selected for the study examining neural correlates of anosognosia
in Chapter 6 (i.e., Cosentino et al., 2015). Based on their main significant correlational
finding reported in Table 3 the effect size was calculated as d = 0.93. We developed an a
priori one tailed power calculation with G*Power 3.1.9.2 establishing a power of 80%
which recommended a minimum sample size of 5 participants.

Finally, for cognitive mechanisms, one study (Jenkinson, Edelstyn, Drakeford, &
Ellis, 2009) was selected for studies included in Chapter 5. The effect size from this
study was calculated from the difference of source proportion between patients aware
and unaware of their motor deficits reported in Table 1 in Jenkinson and colleagues
(2009). Cohen’s d calculated with G*Power 3.1.9.2 resulted in ad = 1.89. Based on these
values a priori power analyses for two tailed non parametric Mann-Whitney analyses

with 80% power revealed a minimum of 6 individuals per group.
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2.2.5.2. Main analyses

Bivariate associations are examined through correlations (Spearman’s and
Pearson’s product-moment correlations). Differences between groups are examined
through t tests, ANOVAs, Kruskal Wallis and Mann Whitney U tests, as appropriate.
Regression analyses were also be used to examine the association between anosognosia
and proposed outcomes including cognitive and metacognitive variables. Non-parametric
analyses were conducted when sample sizes are small and data is not normally distributed

(i.e., detection of skewness and outliers that can affect the results of the analyses).
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Chapter 3

Measuring Anosognosia: The Visual
Analogue Test for Anosognosia for Memory
Impairment (VATAmem)
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Summary of chapter

The previous chapter provided a general overview of methodological
considerations and main research questions that are included in the following
experimental chapters (Chapters 3 to 6). In this current chapter, an examination of the
methods of assessing anosognosia for memory loss is presented, together with their most
common pitfalls and limitations. In an attempt to overcome some of these limitations, the
main aim of this chapter is to report on the development of a new tool for the
measurement of anosognosia for memory impairment: The Visual Analogue Test for

Anosognosia for Memory impairment (VATAmem).
3.1. Introduction

Early conceptualizations of unawareness of deficits were circumscribed to
anecdotal descriptions in the literature, and lacked a clear definition as to what the object
of awareness was (e.g., awareness of disease versus awareness of deficit) (Prigatano &
Schacter, 1991). Following McGlynn and Schacter (1989), in order for the field of
anosognosia to move forward, a clear conceptualization of anosognosia is necessary,
along with the production of more specific and quantifiable measures of this disorder

(see also Clare et al., 2002; Clare et al., 2005).

Several authors have expressed concern for the great variety and lack of
standardization of measures across studies examining unawareness deficits, and its
possible impact on the interpretation of underlying factors associated with this
phenomenon (Clare, Wilson, et al., 2002; Cocchini et al., 2012; Cocchini & Della Sala,

2010; Cosentino & Stern, 2005; Jenkinson et al., 2011). An important factor, also
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commonly neglected, is that each of these measures might be tapping into different
mechanisms or levels of awareness, and that these might not share the same contributing
mechanisms (Clare et al., 2011; Morris & Hannesdottir, 2004). As it is unlikely that one
measurement will capture all the different components or levels of awareness, it is
important that studies examining anosognosia use different measures specific to the
component or level of interest. For example, in patients with ABI and/or dementia,
different deficits can coexist, and awareness for these deficits has been shown to
dissociate (e.g., a patient with two deficits, such as language and motor deficits, might
be unaware of one deficit and have adequate awareness for the other (Breier et al., 1995;
Kinsbourne & Warrington, 1963). Anosognosia for a single deficit can also be measured
or observed at different levels. For example, one can measure what a patient says about
his or her deficits (i.e., explicit awareness), but also how they behave in the context of
the deficit (i.e., implicit awareness). The underlying mechanisms of anosognosia for
different deficits can overlap, and at the same time, the mechanisms underlying
anosognosia for one deficit can dissociate (Cocchini et al., 2012). It is thus crucial for
research to focus both on awareness of multiple deficits and single deficits, with a
combination of measures that can help understand how each component contributes to
awareness and consequences associated with it (Cocchini et al., 2012; Cosentino et al.,

2011). In order to do so, we first need to improve our current measures for anosognosia.

In the context of memory loss, most instruments assessing anosognosia, as the
research focus, have been developed with individuals suffering from AD. In their
influential review, Clare et al. (2005) described four main types of paradigms that have

been used in the study of unawareness of memory deficits in dementia. These included
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(i) Clinical ratings, (ii) Questionnaires, (iii) Objective Performance, and (iv)
Phenomenological methods (see Table 3.1. for full description). Traditionally, the most
common way of assessing anosognosia for memory deficits has been through
unstructured clinical interviews (Schacter, 1991) that measure explicit awareness. These
measurements, though may reveal interesting qualitative information at an individual
level, they lack a systematic procedure to compare and categorize groups of awareness.
More structured interview procedures include measures of clinically rated awareness
(CRA). In CRA measures, the interviewer or clinician assesses the patient’s explicit
responses to probes of memory deficits as reflective of different levels of awareness

(Cosentino et al., 2007; Reed et al., 1993).

An alternative way of assessing anosognosia is through questionnaires, which
were sought by researchers to provide a more ecologically valid measure of awareness
of memory deficits (Schacter, Glisky, & McGlynn, 1990). These questionnaires mainly
measured anosognosia of memory loss through explicit judgements of specific everyday
memory failures (Cosentino & Stern, 2005). These judgements can be compared to an
informant’s judgement of the person’s memory abilities (i.e., Subjective Rating
Discrepancy — SRD) (Clare, Wilson, Carter, Roth, & Hodges, 2002), or can be evaluated
by a clinician during an interview process (i.e., Clinically Rated Awareness — CRA)
(Reed et al., 1993). Following Clare et al. (2011), when studies use explicit measures
such as clinical ratings and informant based discrepancy scores, it is likely that they are
measuring a global higher order of awareness (i.e., “evaluative judgement”). These
measures reliant on the memories of previous memory failures, are lacking the contextual

information that one might experience at the exact moment when they make a memory
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mistake (e.g., forgetting to take an umbrella with you when it is raining outside). Thus,
these judgements, also referred to as offline judgements, are likely to be supported not
only by an integrative prediction based on episodic memory of these types of events, but

also from a general semantic notion of memory function (Agnew & Morris, 1998).
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Table 3.1. Description of different measures of anosognosia (adapted from Clare et al., 2005).

Assessment Description Pros Cons

Clinical Ratings Clinician or (i) Quick (i) Inter-rater
experimenter rates the assessment of variability.
patient based on their awareness - .
response in interview, B . (ii) Norm_atlve
e (i) Flexible data lacking.
informant interviews. R (i) Self

Questionnaires
(compared to
informant or
clinician report)

Objective
performance

Phenomenological

Specific set of items
on memory
functioning assessed
on patient and
informants. The
discrepancy scores
reflect the
unawareness.

Self-reports are
compared to
objective Memory
tasks.

Metamemory
judgements within a
memory task.

Awareness is
determined through
information from
psychological and
social factors
obtained from
records and
informant reports.

(i) Standardization,
reliability and
validity.

(ii) Different
domains within one
deficit may be
explored.

(i) Standardized
memory tests.

(ii) Comparison
with objective
performance within
the task.

(i) Contextualized
assessment of
awareness.

judgements might
be biased through
factors such as
personality, mood
etc.

(i) Questionable
validity of the
informant or the

clinician response.

(i) Heavy load in
memory or
language abilities.
(iii) Self
judgements might
be biased through
factors such as

personality, mood
etc.

(i) Laboratory
measures might
lack ecological
validity.

(i) Self
judgements might
be biased through
factors such as
personality, mood
etc.

(i) No normative
data.

(ii) Bias of the
assessor.
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Offline or explicit assessments of anosognosia are generally easy and quick
instruments aimed at measuring global judgements of memory performance in general
(e.g., Do you have difficulty remembering appointments?). This type of measurement
provides a continuous outcome that can represent the directionality and gradients of
impairments in awareness (Clare et al., 2005; Clare, Wilson, et al., 2002). Explicit
measures also provide the opportunity to explore how individuals endorse different types
of memory failures (i.e., prospective or retrospective memory - Crawford et al., 2003;
Smith et al., 2000). By using explicit measures of awareness, interesting qualitative
responses may also be triggered from the subject being questioned (e.g., justification for
deficits) (Bisiach & Geminiani, 1991). Combined with the above, one of the most
attractive aspects of these measures is that they provide an easy and quick standardized
tool to assess unawareness of deficits that can be administered by both trained and

untrained staff.

Though existing explicit questionnaires examining anosognosia for memory
impairment offer important information that has been linked to practical outcomes, they
are not free from pitfalls. First, valid completion of explicit questionnaires may be
challenged by patients’ cognitive deficits. For instance, completing a questionnaire (i.e.,
remembering the questions, the instructions and the procedure) is in itself a memory task,
and patients with severe memory difficulties may be unable to complete the form in a
valid and reliable manner (Cocchini et al., 2012). Additionally, most explicit measures
rely heavily on verbal comprehension, which can be also be disrupted in patients that
have suffered ABI. Likewise, individuals with an executive syndrome may show

perseveration across responses, patients with neglect may ignore one side of a
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questionnaire, and so forth. Finally, many assessments lack normative data, complicating
proper interpretation of responses (see Clare et al., 2005; Cosentino & Stern, 2005 for
reviews). Relatively few studies have attempted to address these limitations (Clare et al.,
2005; Clare, Wilson, et al., 2002; Cocchini et al., 2012; Cocchini, Gregg, et al., 2010;
Della Sala et al., 2009). The aim of the VATAmem is to provide a reasonably quick and
reliable instrument that introduces visual support in the form of vignettes and visual
analogue scales to account for possible language deficits and difficulties to memorize the
actual questions. Finally, a critical aspect of the VATAmem is that check questions are
included to monitor both the patient’s and informant’s compliance and response

reliability.

A second goal of the VATAmem was to examine potential variability in
awareness across specific types of everyday memory failures, namely, prospective versus
retrospective memory. Prospective memories can be defined as those pertaining to the
future (e.g., remembering to carry out an action), whilst retrospective memories can be
defined as those linked to the past (e.g., remembering past actions or events (Einstein et
al., 2008) (see section 1.2.1.1, Chapter 1). Although prospective and retrospective
memories are likely to be supported by similar underlying memory networks or structures
(Einstein et al., 2008; Schacter, Addis, & Buckner, 2007; Underwood, Guynn, & Cohen,
2015), prospective memories differ from retrospective memories in their inherent self-
initiated processes that form the intentions to remember something in the future (Craik,
1986). Further, the properties of prospective memories vary from those of retrospective
memory, with regard to the types of associations with other memories and aspects of the

environment that are required to prompt the individual to remember in the future (Marsh,
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Cook, & Hicks, 2006). Interestingly, individuals appear to experience these memory
failures differently. Indeed, previous studies examining subjective cognitive complaints
with self the Prospective and Retrospective Memory Questionnaire (PRMQ) have found
that individuals report prospective difficulties more frequently than retrospective
(Crawford, Henry, Ward, & Blake, 2006; Crawford et al., 2003). Such studies, however,
are based on reports by healthy older adults and may not translate to amnesic patients

with variable degrees of awareness.

The purpose of this chapter is twofold. First, the psychometric properties and
normative data for a new tool for the assessment of awareness of memory impairment
(the VATAmem) are provided. The VATAmem, based on the PRMQ, attempts to build
a new measure of anosognosia improving the existing assessment of anosognosia by
tackling some of the most common pitfalls of these measures as described above. If this
tool does indeed present an advantage to previous tools such as the PRMQ, a reduced
impact of possible associated cognitive deficits (e.g., language impairment) should be
observed. Secondly, in an attempt to further the understanding of unawareness of
memory loss in patients with ABI, differences in awareness of memory for prospective
versus retrospective memory will be examined across the VATAmem and the PRMQ.
Results from this study will inform on the use of a novel, practical measure to

characterize anosognosia for memory impairment in ABI.
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3.2. Methods

3.2.1. Participants

A total of 190 individuals with ABI were initially referred to the study screening
phase by consultant neurologists from three sites, the Columbia University Medical
Center Department of Neurology Stroke outpatient clinic in the U.S., the NHS St.
George’s Hospital Stroke outpatient clinic in the U.K., and the Neuropsychology unit of
Somma Lombardo Hospital in Italy. Of the initial group, 60 patients were considered for
the study as they presented with no evidence of psychiatric illness but with evidence of
memory difficulties as determined by age-corrected standardized scores of immediate
and delayed story recall (Humphreys et al., 2012). A further 9 patients dropped out of the
study due to lack of interest or failure to follow up, leaving a final sample size of 51
patients. The final sample of 51 patients (39% females) had a mean age of 61.40 years
(SD =14.90; range = 22 — 87) and 13.16 years of education (SD = 3.75; range = 4 — 22).
Mean time since lesion onset was 2.89 months (SD = 4.85; range = .07 — 22). The
majority had stroke (64.7% ischeamic; 11.8% haemorrhagic), 17.6% traumatic brain
injury and 5.9% other injuries (i.e., 1 from obstructive hydrocephalus and 2 from

hypoxia) (see Table 3.2.).
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Table 3.2. Patient lesion description.

Nature of lesion Unilateral Unilateral Bilateral Including
Left Right Subcortical
hemisphere hemisphere structures
17 9 13 18
Vascular (n=39)
Traumatic (n=9) 4 2 3 1
Other (n=3) 1 - 2 2
Total (n=51) 22 11 18 21

Clinical data of n = 51 patients with memory difficulties following ABI. Number of subjects with lesions
encompassing left, right or both (bilateral) hemispheres, diffuse brain damage, and lesions that include

damage to subcortical structures.

For each participant, an informant was recruited to provide evaluations of the
patient’s memory ability. For a subset of participants (n = 22), two informants were
recruited to enable us to calculate the VAT Amem cut-off score as described below in the
statistical analysis and results section. This resulted in a total of 73 informants with a
mean age of 50.85 (SD = 19.44; range = 18-92) years and 13.30 years of education (SD
= 3.34; range = 8 — 23). All informants were people who frequently interacted with the

patient on a regular basis.

Fifteen patients and their informants were retested after 48 to 72 hours to examine

test re-test reliability.
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3.2.2. Measures
3.2.2.1. Cognitive measures

All patients underwent an initial general cognitive assessment and specific
cognitive tests to evaluate long- and short-term memory, language, attention, and
executive functions. Due to different scoring systems across countries, patients’
performance in each measure was converted to standardized z-scores, which were then
collapsed to represent each cognitive domain (i.e., memory, language, and executive
function).

Patients were assessed with the Mini Mental State Examination (Folstein,
Folstein, & McHugh, 1975). The score ranges from 0-30. Higher scores represent higher
cognitive functioning and a score below 24 has been used as an indicator of general

cognitive difficulties (Folstein et al., 1975; Kukull et al., 1994).

Regarding memory, all patients completed the Rivermead Behavioural Memory
Test (RBMT) (Wilson et al., 2003; Wilson et al., 2008) described in section 2.2.4.2.2. of
Chapter 2. Patients’ short-term memory was assessed with Digit and Spatial span tests
(Orsini et al., 1987; Randolph, 2012). The digit forward raw scores ranged from 0 to 16
for the English version and from 0 to 10 for the Italian version. Raw scores of the spatial
span ranged from 0 to 10 (Corsi, 1972). Visuospatial span was assessed through the
Visual Pattern Test in the Italian sample (Della Sala, Gray, Baddeley, Allamano, &
Wilson, 1999) where patients have to reproduce a visuospatial matrix. Raw scores range
from 2 to 15. For each patient a final z-score for verbal (i.e., Digit span) and visuospatial

(i.e., Spatial and Visuospatial spans) short term memory was calculated.
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Language was assessed using naming subtests from two measures. English
speaking patients were assessed with the naming subtest of the BCoS Battery
(Humphreys et al., 2012) described in section 2.2.4.2.1. in Chapter 2. Italian speaking
patients’ naming abilities were measured with the subtest of the “Esame
Neuropsicologico per I'Afasia” (Capasso & Gabriele, 2008). Raw scores range 0-10, with
higher scores also representing better naming abilities. Normative data cut-offs were used
to classify patients’ performance as impaired or not impaired in their language abilities.
To compare how the degree of language difficulties mapped on to the degree of

unawareness a within sample z-score was also derived.

Finally, measures of rule following and set switching were included for the
measurement of executive functions. These included: (i) the executive subtest in the
BCoS Battery (Humphreys et al., 2012) also described in section 2.2.4.2.1. in Chapter 2;
and (ii) the Trail Making Test (Reitan & Wolfson, 1985), which is composed of two trail
making subtests. In Part A, the patient is asked to draw lines linking numbers in
ascending order from 1 to 25 in the shortest time possible. In Part B, the patient is asked
to repeat the same procedure, but alternating between letters and numbers (i.e., 1-A; 2—
B; 3—-C). The total raw scores of the executive BCoS Battery test (ranging from 0 to 18)
and the Trails B (e.g., time to complete in seconds) were combined to calculate an overall

z-score of executive function.

3.2.2.2. Awareness of memory deficit
Self and informant reports of memory performance were obtained through two

measures in a counterbalanced order.
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3.2.2.2.1. Prospective and Retrospective Memory Questionnaire (PRMQ)

The PRMQ (Crawford et al., 2006; Smith et al., 2000) includes a total of 16 items
requiring patients and informants to rate the frequency of the patient’s everyday memory
mistakes, from 5 (Very often) to 1 (Never). Raw scores are converted to true scores, as
reported by Crawford et al., (2003) and Crawford et al., (2006), and can range from 16
to 80 with lower scores representing more difficulties. Discrepancies between patients
and informants can thus range from -64 to +64, with a 0 representing perfect agreement.
Positive values in discrepancy scores represent an informant rating a subject as having
more difficulties than he or she is endorsing, and negative values reflect reports of more
difficulty by the patient. The PRMQ provides two cut-off scores to interpret the
difference between an individual and their informant ratings that can be used for the
assessment of anosognosia (i.e., cut-off of 7 with a significance value of p=.05 for the
full scale and a cut-off of 9 for prospective and retrospective subscales; Crawford et al.,

2006).

3.2.2.2.2. The Visual Analogue Test for Anosognosia for Memory impairment

(VATAmMem)
Preliminary phase of the scale.

The final version of the VATAmem was derived following a preliminary phase,
consisting on a series of pilot studies, that allowed refinement of questions and vignettes
based on feedback from a total of 9 patients with memory disorders (age M = 53; SD =
20.50; range 25- 78; 89% male) and 40 healthy adults (age M = 51.60; SD = 17.37; range:
25-85; 52% male). Based on the outcome of these pilot studies, fifteen questions were

selected for the final version.



Final Scale

The VATAmem consists of 15 questions assessing everyday memory situations,
1 practice item to ensure the participant’s compliance with the test (i.e., Do you have
difficulty watching TV?), and 4 check questions to control reliability of participants’
responses, as described below (see Figure 3.1. for an example). As in the PRMQ, the 15
memory-related items explore two different dimensions of memory: prospective and
retrospective memory. Prospective memory questions refer to those activities in which
an individual needs to remember an intention for a future action (e.g., remembering to
call someone later as they did not answer the phone). Retrospective items examined
memory for activities in which an individual needs to recall past learned information
(e.g., remembering that they have already told a person a story). All items were balanced
across items referring to self versus environmentally cued activities; that is, those in
which an individual relies on internal cues to remember information (e.g., remembering
appointments without the help of a calendar) versus remembering information when cued
by something in the environment (e.g., remembering to give something to someone when
you see them). All items were also balanced across short versus long term memory, that
is, memory for information that was just learned versus information that had been learned
before. Thus, following similar classification as in the PRMQ, each question represents
one aspect of each of the three dimensions. For example, “Do you have problems
remembering that you have already told the same story to the same person on a previous
occasion?” would represent retrospective, long term memory, and environmentally cued

dimensions.
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Does he/she have problems remembering
to do something that they had decided to
do only minutes before?

;"// ™ r.
\\.,,___,,.// —
No Problem Problem

Figure 3.1. Example of a question, vignette and visual-analogue scale from the VAT Amem.

Patients were asked to rate their current ability in each task depicted by the
vignettes by saying the number or pointing to a specific point on the 4—point scale (Della
Sala et al., 2009; Cocchini et al., 2010). Informants rated the participants using the exact

same items with slightly varied wording to refer to a third person.

To account for the reliability of responses, 4 “check questions” were evenly
distributed throughout the questionnaire (see “Check” questions in Appendix 6). These
questions allowed us to account for possible perseveration, lack of comprehension or

attentional and visual deficit that may prevent the respondent from attending to one side
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of the scale (Cocchini et al., 2010; Della Sala et al., 2009). The check questions were
designed to elicit, when appropriately endorsed, scores in one extreme of the scale. Two
of these check questions would have their appropriate response on the left end of the
scale (0 — no problem or 1 — mild problem; see check question 2 & 3 in Appendix 6) and
three on the right end of the scale (3 — problem or 2 — moderate problem; see check
questions 1& 4 in Appendix 6). For questions depicting tasks requiring a motor
component, two versions were provided with left and right limb affected, to provide
reliable check questions for people that may be experimenting weakness or paralysis in
one side of the body (i.e., hemiparesis). The ratings of the “check questions” were not
included in the final score of the VATAmem; however, participants who failed to provide
the expected responses to any of the four check questions were excluded for later analyses

as their responses were considered not reliable.

The 15 questions were presented in the same fixed pseudo-random order with
memory dimensions (prospective/retrospective, self/environmentally cued and
short/long term) evenly distributed throughout the questionnaire, as reported in Appendix
6. To minimise possible associated attentional disorders, such as neglect (Della Sala et
al., 2009), participants were shown one question at a time in a plasticised A4 sheet in

portrait orientation.

First, a practice question was presented to make sure the participant understood
how to use the rating scale. Then the questions were read aloud by the examiner, allowing
time for the participant to read them again, if they wished, and to observe the vignettes.
Special emphasis was placed during administration that the responses should reflect

current abilities.
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VATAmMem- Total score

The VATAmem total score was calculated on the 15 memory-based questions
and it ranged from 0-45. A discrepancy value was obtained subtracting the participant’s
score from informant’s scores. When two informants were available, the mean was
calculated and this was compared with the patient’s score to calculate the discrepancy
value. The discrepancy value ranges from -45 to 45, where a discrepancy value of 0
means perfect agreement. A positive discrepancy means that compared to the informant,
the participant has overestimated his/her memory abilities; while a negative discrepancy
value indicates that the participant has underestimated his/her own memory abilities. This
score may provide information about possible depression or anxiety; however, this is not

examined in this study (see Chapter 4 for an examination of mood).

VATAmem- Subscales

As it was my interest to examine variability of awareness across different types
of memory failures, two main subscales were devised to measure awareness of
prospective and retrospective memory loss. In Crawford and colleagues’ (2003) factorial
examination of the PRMQ (2003), the authors found that although they included items
reflective of various types of memories (i.e., short versus long term memory, self versus
environmentally cued memory, and prospective versus retrospective memory), only
general memory, prospective memory, and retrospective memory were observed as
independent factors. Two subscales were thus examined to measure awareness of
prospective and retrospective memory abilities. The Prospective memory subscale
includes 7 questions evenly spread across the questionnaire (i.e., see questions 1, 2, 6, 7,

9, 12 & 13 of VATAmMem questionnaire in Appendix 6) with a total score ranging from
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0 to 21; whilst the Retrospective memory subscale includes 8 questions also evenly
distributed (i.e., see questions 3, 4, 5, 8, 10, 11, 14 & 15 of VATAmMem questionnaire in

Appendix) with a total score ranging from 0 to 24.

3.2.3. Statistical Analyses

In order to validate informants’ reports in this study, Spearman correlations were
conducted to examine how informants’ reports mapped on to actual memory performance
measures. Non parametric Spearman correlations were chosen over Pearson product
moment correlations in this study when data did not meet the assumptions for parametric
correlations (e.g., data not being continuous, outliers > 3 SD, lack of homoscedasticity

or normal distribution in the data).

The Crawford and Howell (1998) modified t test was used to develop the
VATAmem cut-off for anosognosia in the full memory scale, and for prospective and
retrospective subscales. Independent sample t tests were conducted to examine
differences of awareness of patients and informants across prospective and retrospective
scales. From this cut-off two further severity scores were derived that represented the
level of disagreement in all items as follows: (i) mild anosognosia (statistically derived
cut-off — disagreement of one point in all items); (ii) moderate anosognosia (disagreement
of one point in all items — disagreement of two points in all items); (iii) severe
anosognosia (disagreement > two-point disagreement across all items). Examination of
reports on prospective versus retrospective memory were compared across both patients
and informants through two 2x2 Repeated Measures ANOVA (awareness group X type

of memory).
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Test-retest of the VATAmem was evaluated through product moment Pearson
correlations of overall scores of the VATAmem in patients tested on two separate
occasions as all assumptions for parametric analyses were met. Internal consistency was
examined for both self and informant reports through Cronbach’s alpha and item
sensitivity analysis. Construct validity of the VAT Amem was examined through Pearson
product correlation between self and informant reports in the VATAmem and the PRMQ
as all assumptions for parametric analyses were met. Partial and one tailed Spearman
correlations were conducted to examine the relationship between cognitive measures and
anosognosia as determined by the VATAmem and the PRMQ as cognitive scores of
severity were used and data did not meet the assumptions for Pearson correlation (e.g.,
ordinal measures and not normally distributed). Scatterplots of correlational analyses are

included in Appendix 8.

3.3. Results

3.3.1.  Cognitive measures

Mean raw score of the sample on the MMSE was 25.94 (SD = 2.87; range = 19-
30). Some patients did not complete the full battery of tests (see Table 3.3.). In particular,
one patient did not complete the RBMT but he showed evidence of long term memory

impairment on the initial Story Recall test.

As shown in Table 3.3., all patients showed a long term memory impairment and
executive functions deficits. Nearly half (49%) of our sample also showed language

difficulties; whereas short term memory was spared in the majority of the cases.
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Table 3.3. Neuropsychological assessment of overall sample of patients with ABI.

o S % of patients showing pathological performance
Cognitive functions impairment

(n/N)
Long Term Memory (LTM) impairment 100% (50/50)
Mild 26% (13/50)
Moderate 37% (19/50)
Severe 35% (18/50)
Short Term Memory (STM) impairment
Verbal STM 2% (1/51)
Visuospatial STM 22% (9/41)
Executive functioning impairment 57% (29/51)
Mild 6% (3/51)
Moderate 6% (3/51)
Severe 45% (23/51)
Language functioning impairment 49% (25/49)

Summary of cognitive abilities of sample of 51 ABI patients. n = total patients with cognitive impairment;
N = total patients with available data on cognitive measures. LTM: Performance on the RBMT.

3.3.2.  Awareness of memory deficits

3.3.2.1. Prospective and Retrospective Memory Questionnaire (PRMQ)

Based on the PRMQ, 54.9% (n = 28) of patients were classified as unaware of
their memory deficits following the Crawford et al. (2006) cut-off. Mean discrepancy
scores were 20.2 (SD = 9.8; range = 8 - 44) for patients unaware of their deficits and —
4.7 (SD =7.5; range =21 - 6) for patients aware of their deficits, indicating that patients
who were aware of their deficits actually tended to underestimate their memory abilities
compared to their informants. Within the subscales, 25 patients were classified as

unaware of their retrospective memory failures versus 26 as unaware of the prospective
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memory failures. These patients largely overlapped with those classified as unaware by
the total scale cut-off; however, two cases were classified as unaware on the prospective
or on the retrospective scale but they were not deemed as unaware according to the

overall scale’s cut-off.

3.3.2.2. Visual analogue Test for Anosognosia (VATA-mem)

3.3.2.2.1. Preliminary version of the scale

A series of Spearman correlational analyses for each of the 15 items was run
between pairs of informants rating the same patient. In all cases, the correlation was
significant (at least rho = .54, p = .01; d = 1.28). This result suggests that the content of
the 15 items selected for the final version of the VATAmem was similarly interpreted

and rated by different informants.

3.3.2.2.2. Check questions

One informant had to be removed from further analyses as she failed one check
question in the VATAmem. In this case, the patient’s rating was compared with the other
informant’s score. One patient was also removed from further analyses due to not passing
one check question. The remaining patients and informants provided the expected

responses to the check questions.

3.3.2.2.3. Informant report and patient’s memory performance

A final total of 72 informants were included in the sample. Informant scores on the
VATAmMem were compared to the corresponding patients’ memory performance measured
by the RBMT. Spearman correlation analyses showed a significant association between

informants’ reports and patients’ performance in standardized memory assessments (rho =
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.33, p =.02; d =.70), suggesting that the more severe the patient’s score on memory tasks,

the worse informants reported patients” memory to be.

3.3.2.2.4.