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Abstract

Alzheimer’s disease (AD) is a slowly progressive neurodegenerative disorder and the
most common cause of dementia worldwide. Many pathogenic mechanisms and
hypotheses have been proposed to explain AD pathology, and scientific knowledge has
increased enormously over the last decades. However, to date, clinical trials targeting
these mechanisms have not succeeded in identifying effective methods to treat or
reverse the disease. AD pathogenesis has recently been explored from different
perspectives, offering new insights into the potential treatments of AD. Among these,
the investigation of gamma oscillations and their potential therapeutic role has signified

a new and promising era in AD research.

The aim of this thesis was to combine the most recent scientific findings to develop a
novel, gamma-band transcranial magnetic stimulation (TMS) protocol and investigate
its efficacy in mitigating cognitive dysfunction in patients with amnestic mild cognitive
impairment (MCI) and mild-to-moderate AD. On that basis the thesis is comprised by

three main study pillars, being the neurophysiological, normative, and experimental.

Initially, a novel 40 Hz TMS protocol was developed and applied over the motor cortex
of healthy participants. Its safety and aftereffects on cortical excitability were
evaluated. The results indicated that stimulation was safe, tolerable, and generated a
suppressive effect that outlasted the stimulation period. Then, the first standardized
Cypriot word pool, a list of 2,850 words, was created and used for the development of
alternative and equally difficult neuropsychological tools. Finally, a single-case,
randomized, concurrent multiple baseline design across eight cases was employed.
Patients received daily 40 Hz TMS treatment sessions for 2 weeks bilaterally to the
precuneus. The analyses indicated a significant improvement in all patients’ global
cognition, while an identical profile of significant improvement was evident in patients’
neuropsychiatric symptoms. In general, a wide effect on patients’ cognitive function
was observed accompanied by a significant improvement in their quality of life. This
study offers preliminary evidence regarding the efficacy of gamma-band TMS as an

effective and safe non-invasive technique in MCI and AD neurorehabilitation.

Keywords: Alzheimer’s Disease, default mode network, episodic memory, transcranial

magnetic stimulation, precuneus, 40 Hz gamma brain stimulation
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Chapter 1 Introduction

The concept of dementia has existed for centuries (Pearce, 1985). Dementia is an
umbrella term for a collection of symptoms caused by a number of diseases which
ultimately affect one’s ability to function in everyday life. Several different types of
dementia have been identified, some of which are reversible (e.g., dementia due to
normal pressure hydrocephalus or vitamin B12 deficiency) and even preventable (e.g.,
vascular dementia) (Alzheimer’s Association, 2020). It was only at the beginning of the
20" century that the clinical syndrome of Alzheimer’s disease (AD), a specific type of
dementia, and the associative neurophysiological and neuropsychological changes were
discovered. In 1907, Alois Alzheimer described the emblematic case of Augusta Deter,
a 51-year-old woman who demonstrated severe cognitive and behavioral deficits and
died owing to histological changes that were to become the hallmarks of the disease

which is named after Alois Alzheimer (Maurer et al., 1997).

The understanding of dementia’s cognitive and behavioral manifestation and their
relationship to brain pathology has increased substantially over the last 50 years. This
is mostly because mortality rates have fallen and life expectancy has increased
significantly (Bondi et al., 2017). Longevity makes age-related diseases more
prevalent, a trend which is aggravated by lifestyle and behavioral changes that

predispose towards them (Martin Prince et al., 2015).

Dementia due to AD is a devastating disorder associated with dramatic cognitive,
emotional, and social consequences for the patients. It can also be overwhelming for
carers and families. The impact on the families and carers can be emotional, physical,
and financial which, all together cause excessive distress and, in many cases,
psychological disorders, such as depression (Borsje et al., 2016; Cheng et al., 2019;
Givens et al., 2014). Furthermore, AD has a remarkable impact on the global economy
in terms of medical and social care (World Health Organization, 2020). The field of
AD research has made great steps in understanding the underlying pathology and
finding possible therapies. However, there are currently no effective treatments

available.



1.1 Alzheimer’s Disease: Epidemiology and Etiology

AD is a slowly progressive neurodegenerative disorder and the most common cause of
dementia, counting for 60-80% of the total dementia cases worldwide (Alzheimer’s
Association, 2020). Every three seconds someone in the world is diagnosed with
dementia, which translates to more than 10 million new cases every year. At the same
time, it is estimated that these numbers will have tripled by 2050 when 152 million
people will be living with dementia (World Health Organization, 2018). The alarming
rise of AD imposes a mounting social and financial burden all over the world making
the need for development of effective intervention strategies for preventing, delaying,

or improving the symptoms paramount (Cummings et al., 2014).

The clinical representation of AD has an insidious onset, including memory loss
followed by cognitive decline, beyond what is considered a consequence of normal
ageing, as well as behavioral malfunctions which together lead to failure to sustain
independence in everyday function (Scheltens et al., 2016). Individuals that develop
AD, progress from normal cognition to a transitional phase called Mild Cognitive
Impairment (MCI), followed by mild to severe sporadic dementia. The average survival
time is approximately eight years for those diagnosed at the age of 65. AD can be
sporadic with late onset or familial with early onset. Age is the most important risk
factor in sporadic AD, which principally is considered a disorder of the elderly, with
most cases appearing after the age of 65 and representing the late-life onset of the
disease. Cases that occur earlier in life (< 65 years) are classified as early onset AD or
familial AD (Chen & Mobley, 2019). In most of these early onset cases, but not all,
there is a family history of dementia which is considered substantially or even entirely
genetically determined, associated with mutations in three genes: amyloid precursor
protein (APP), prosenilin 1 (PS1) and prosenilin 2 (PS2; for a review see Dai et al.,
2018). Sporadic AD has no known cause and presents no obvious inheritance pattern.
However, even though a specific gene has not been identified as a cause, the
Apolipoprotein E (APOE) gene appears to be a strong risk factor leading to the
development of AD later in life (Roses, 1996; Tsai et al., 1994).

Even though the pathological changes observed in AD brains are well known (Braak &
Braak, 1991; Forstl et al., 1996; Terry et al., 1991) the exact etiology remain unclear.



AD is thought of as a complex disease resulting from the complicated interactions
among various factors, such as environment, education, age, and genetics. The early
onset of the disease indicates that genetic factors may play an essential role in the
development of the disease (Dai et al., 2018). However, over 50% of these cases and
most of the sporadic cases cannot be explained by genetics (Janssen et al., 2003; Wingo
et al., 2012). The pathological hallmarks are remarkably similar in both sporadic and
familial AD, with the difference being that individuals with the gene mutations (i.e.,

APP, PS1 & PS2) will develop clinical symptoms earlier in life (Kim et al., 2018).
1.2 The Histological Hallmarks of Alzheimer’s Disease

The neuropathology of AD includes a broad variety of neurotoxic cascades, including
mitochondria dysfunction, inflammation, oxidative stress in the brain, reduced
synthesis of neurotransmitters and an abnormal protein aggregation (Kim et al., 2018).
Among them, the major hallmark and the most dominant paradigm of AD is the
proteinaceous aggregation of amyloid plaques and neurofibrillary tangles (Bloom,
2014). Amyloid plaques are extracellular deposits consisting of amyloid beta peptide
(Ap) originated through abnormal proteolysis from the APP (Figure 1.1). APP is a
protein found in cell membranes that normally plays an important role in neuronal
growth and repair. An abnormally increased production of Af leads to the accumulation
of amyloid plaques. Specifically, when the AP is secreted in the extracellular space, it
spontaneously transforms into neurotoxic fibrils (amyloid plaques), which in turn
damage neuronal cells and synapses (Hardy & Higgins, 1992). In turn, the
accumulation of AP stimulates microglia cells—responsible for destroying waste and
toxins in the brain—causing them to become overactive, producing large amounts of
cytokines. However, instead of fighting the pathogens, cytokines damage healthy
neurons which in turn further activate microglia cells, thus increasing further the
inflammatory mediators’ production. These observed sustained inflammatory
responses in AD patients are considered to play a fundamental role in the progression
of the pathological changes observed in AD (Kinney et al., 2018; Newcombe et al.,
2018).

The second histopathological hallmark of AD is the intracellular aggregation of tau

protein. Tau proteins are predominantly found in brain cells and hold multiple roles



necessary for proper cell function. In healthy neurons, tau binds to and stabilizes
microtubules, structures that help guide nutrients and molecules from the cell body to
the axon and dendrites (Barbier et al., 2019; Weingarten et al., 1975). In AD, abnormal
chemical changes trigger tau to detach from microtubules and bond to other tau
molecules, forming neurofibrillary tangles. These tangles eventually lead to
microtubule breakdown, disrupting the nerve cell’s transportation mechanism and
causing degeneration and cell death. The abnormal accumulation of A plaques and
neurofibrillary tangles causes cell degeneration and death leading to dramatic brain

shrinkage and cell loss (Goedert, 1993).

Figure 1.1 Neuropathological hallmarks of Alzheimer’s disease

a) b)

[ Tangles are forming Healthy area

Note: a) Extracellular accumulation of amyloid plaques, consisting of AP protein, originated
through abnormal proteolysis from the amyloid precursor protein (APP). The AP protein, which
is the breakdown of APP, instead of being cleaned, as happens in healthy brains by the
microglia neurons, bind together, forming the amyloid plaques. Consequently, the neuronal

communication is interrupted leading to cell death. Picture retrieved from: Georgia Institute of

Technology: b) Intracellular aggregation of neurofibrillary tangles formed by
hyperphosphorylation of microtubule associated tau protein, leading to cell degeneration and
death. As more tangles are formed more neurons are lost. Picture retrieved from: neurofibrillary
tangles; c) A healthy brain is depicted on the left, whereas on the right is a brain with severe

AD. The AD brain has suffered a dramatic shrinkage due to the disease’s pathology.



The neuroanatomical location of amyloid plaques and neurofibrillary tangles has been
well investigated. Therefore, it is known that they tend to be formed in stereotypic and
rather a predictable pattern (Braak & Braak, 1997; Thal et al., 2002). Amyloid plaques
are observed in the neocortex early in the disease, expanding to the allocortex and
subcortical nuclei (e.g., striatum) as the disease progresses. At the final stages, amyloid
plaques are being widely expanded in the brain, including the brainstem and the
cerebellum (Thal et al., 2002). The formation of neurofibrillary tangles is observed in
the neurons of the medial temporal structures, such as the entorhinal cortex, the CAI
and subicular regions of the hippocampus formation and the parahippocampal gyrus,
early in the course of the disease (Deture & Dickson, 2019; Perl, 2010). In addition, the
episodic memory deficits observed early in AD are well correlated with the distribution
of the neurofibrillary tangles within the medial temporal structures and MRI volumetric
loss of the hippocampus, suggesting that the tangles may substrate for memory loss in
AD (Deweer et al., 1995; Guillozet et al., 2003). As the disease progresses, tangles are
widely distributed within the brain, including several limbic system regions (e.g.,
thalamus, striatum, amygdala). At the final stage of the disease the neocortex is

devastatingly affected (Braak & Braak, 1991).

All in all, the major hallmarks of AD include the abnormal accumulation of amyloid
plaques and neurofibrillary tangles which cause a loss of cortical neurons and synapses,
together with the presence of chronic inflammation which further elicit brain
neurodegeneration. The neurodegeneration is progressive, hence, the clinical
representation follows well defined stages according to the aggregate of

histopathological changes (Braak & Braak, 1991).
1.3 Stages of Alzheimer’s Disease

The progress of AD from unnoticeable brain and behavioral changes to severe brain
deterioration and cognitive and emotional deficits that eventually lead to physical
disability is called the AD continuum (Figure 1.2). The continuum of AD includes
several preclinical and clinical stages which differentiate the severity of AD according

to the extent of AD pathology’s accumulation.



1.3.1 Preclinical Stage of AD

The preclinical stage of AD is considered the earliest stage in the AD continuum.
Extensive research from both genetically at-risk cohorts and clinically normal older
individuals indicates that the pathological cascade of AD begins several years or even
decades before the onset of clinically evident deficits (Dubois et al., 2016). It is well
accepted therefore, that AD starts with a long asymptomatic period during which the
pathology is being developed, and that individuals with evident AD pathophysiology
are at increased risk of progressing to dementia due to AD (Caselli & Reiman, 2013;
Dubois et al., 2016; Morris, 2005). In recent years, using neuroimaging techniques,
cerebrospinal fluid (CSF) assays and other biomarkers, scientists have developed the
ability to detect the AD-related pathophysiology in vivo, including the presence of
amyloid plaques and neurofibrillary tangles (Khoury & Ghossoub, 2019; Leuzy et al.,
2018). In addition, studies suggest that very subtle cognitive changes can be detectable
years before someone meets the MCI criteria. Therefore, these changes can predict the
progression to AD. The pitfall, however, stands in that not all the older adults who have
the pathophysiological processes of AD will manifest symptoms in their lifetime given
that it is recognized that the presence of amyloid plaques can also be evident in normal

ageing (Dayan, 1970; Price & Morris, 1999; Sperling et al., 2011).

Figure 1.2 Alzheimer’s disease continuum
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Note: This figure is retrieved from Alzheimer’s Association (2020). *Mild Cognitive
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All in all, there are several biomarkers associated with the risk of developing AD later
in life (Caselli & Reiman, 2013). The extent to which these biomarkers predict the
subsequent clinical course of cognitively normal individuals is yet to be identified.
Hence, it remains critical to better define the preclinical stage of AD and to uncover the
exact biomarker profile that best predicts the individuals most likely to benefit from
very early interventions (Sperling et al., 2011). It is widely acknowledged that
symptoms do not need to be observed for a disease to be diagnosed (e.g., type 1I
diabetes, renal insufficiency, hypertension). Therefore, it is likely that in the future
people will be diagnosed with AD preclinically based on the presence of specific
evidence of pathological processes and be treated before the onset of the symptoms

(Sperling et al., 2011).
1.3.2 Mild Cognitive Impairment due to Alzheimer’s Disease

The neurodegenerative changes in the brain owing to AD are accumulated during the
preclinical phase. When a threshold is crossed, the clinical deficits start to become
apparent. The patient then enters the MCI stage, which is considered a transition
between normal ageing and dementia. Over the last 20 years there has been a substantial
increase in the literature concerning the construct of MCI (Gauthier et al., 2006;
Petersen et al., 2001). Its main purpose as a diagnostic entity is to identify the earliest
futures of different types of dementia, such as AD, and hence, to provide clinicians with
the opportunity to intervene in the prodromal stages. However, even though,
conceptually, its entity is reasonable, the diagnosis often poses difficulties in clinical
practice (Petersen, 2004). On this ground, diagnostic criteria have been developed and
are being revised to account for recent scientific acknowledgements. The most recently
revised diagnostic criteria (Petersen et al., 2009; Petersen, 2016) describe two MCI
phenotypes: (1) the amnestic MCI (aMCI) and (2) the non-amnestic MCI (naMCI) both
of which are further divided to single or multiple domain subtypes (Figure 1.3).

According to these criteria, MCI diagnosis requires: (1) complaints of changes in
cognition in relation to previous level of performance, preferably collaborated by an
informant; (2) objective cognitive decline, documented by standardized
neuropsychological measures, to one or more domains; (3) fairly reserved cognitive
abilities for age; (4) absence of dementia, and (5) relatively maintained dependency in

everyday activities (Petersen, 2004).



Figure 1.3 Flow chart of decision process for diagnosis of MCI and its subtypes
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Note: From “Mild Cognitive Impairment: Ten Years Later”, by R. C. Petersen et al., 2009,
Archives of Neurology, 66(12), Criteria section, Figure 2 (https://doi.org/10.1001).

After the identification of the MCI phenotype, the diagnostic process follows the
combination of the specific phenotype with the assumed causes (Figure 1.4). This step
allows for the recognition that AD is not the only etiology of MCI, which can result
from a variety of diseases (Petersen, 2004). The Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (American Psychiatric Association, 2013) includes
MCI as a diagnostic entity under the of name of Mild Neurocognitive Disorder,
requiring however, the clinician to specify the underlying cause (e.g., due to AD, Lewy

body disease, vascular disease).



Figure 1.4 Presumed outcome of subtypes of MCI when combined with presumed

pathogenesis
Pathogenesis
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Single
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Note: It is evident for example, that a multiple domain amnestic MCI can be a result of
Alzheimer’s Disease but can also be caused by vascular dementia or depression. Depr:
Depression; VaD: vascular dementia; FTD: frontotemporal dementia; DLB: dementia with
Lewy bodies. Figure adopted from “Mild Cognitive Impairment as a Diagnostic Entity”, by R. C.
Petersen, 2004, Journal of International Medicine, 256(3), Diagnosis of dementia and Alzheimer’s

Disease section, Figure 4 (https://doi.org/10.1111/1.1365-2796.2004.01388.x).

Traditionally, the aMCI is considered to be the prodromal stage of AD, as memory
deficits are the hallmark of AD. However, over the course of the years it became evident
that other phenotypes (i.e., logopenic aphasia, posterior cortical atrophy) can also lead
to this type of dementia (Petersen, 2016) or that some individuals with MCI revert to
normal cognition or remain stable (Koepsell & Monsell, 2012; Shimada et al., 2019).
For this reason, the National Institute on Aging and the Alzheimer’s Association
developed the criteria for MCI caused by AD, known as the NIA-AA criteria (Albert et
al.,2011; Dubois et al., 2014, 2016). These criteria have been enriched with biomarkers
for underlying AD pathophysiology. The NIA-AA criteria support the diagnosis of
prodromal AD in asymptomatic individuals based on the presence of related biomarkers

(Figure 1.5). The diagnostic framework provides three levels of likelihood that the MCI



is due to AD (unlikely, intermediate, and high). The advantage is that the framework is
applicable when there are no supportive biomarkers, minimizing however, the

diagnostic specificity (Dubois et al., 2016).

Figure 1.5 Flow chart of diagnosis of MCI due to Alzheimer’s Disease
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Note: With conflicting or no biomarker measures it is uncertain whether the MCI is caused by
the AD. If one biomarker is evident (A, tau or metabolic abnormalities through neuroimaging
methods) there is an intermediate likelihood of MCI due to AD. There is a high likelihood of
MCI due to AD if two biomarkers are evident. The biomarkers of AP and tau protein can be
obtained from CSF or from positron emission tomography to accompany the MCI clinical
syndromes. FDG-PET: fluorodeoxyglucose positron emission tomography; MRI: magnetic
resonance imaging; tau: microtubule associated protein. From “Mild Cognitive Impairment”, by
R. C. Petersen, 2016, Continuum (Minneap Minn) (22)2, Multiple Terminologies section, Figure
2-1 (https://doi.org/10.1212%?2).

The core diagnostic criterion for aMCI due to AD is early, subjective, and objective
episodic memory impairment. It is well known that 86-94% of AD patients present with

an amnestic profile that appears as an episodic memory deficit (Galton et al., 2000;
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Lopez et al., 2000; Morris, 2006), and therefore, individuals’ performance in episodic
memory tasks can be the strongest predictor for progressing to AD (Tierney et al.,
1996), consistent with the underlying brain pathology (Guillozet et al., 2003). The
neuropsychological evaluation of episodic memory by a word learning list provides
sensitivity and specificity estimates of 93% and 99%, respectively, for the
differentiation of healthy adults from early AD patients (Buschke et al., 1997). It is
important to state that in most cases, the MCI stage is characterized by cognitive
impairment further to episodic memory decline (Economou et al., 2007). Finally, the
presence of several biomarkers such as: atrophy of medial temporal structures on
magnetic resonance imaging (MRI), the abnormal cerebrospinal fluid markers and
specific metabolic patterns evident with molecular neuroimaging methods, will indicate
the likelihood that the MCI is due to AD (Dubois et al., 2016). Finally, it is important
to state that there are several atypical presentations of AD (approximately 11% of cases)
which vary from the typical amnestic type (e.g., a posterior variant of AD, a logopenic
variant of AD and a frontal variant of AD). The criteria have also been revised for

atypical cases (Dubois et al., 2016).

1.3.3 Dementia due to Alzheimer’s Disease

AD dementia is defined as the dementia triggered by the AD pathophysiology and
comprises the mildest to most severe stages. In the recent past, AD was always
diagnosed postmortem, however, today, the neuropathological changes that outline the
disease can be defined in vivo by well-established biomarkers (Jack et al., 2018). In the
most recently revised research framework for AD, three groups of biomarkers were
recognized: (1) aggregated amyloid plaques, (2) aggregated neurofibrillary tangles, and
(3) neurodegeneration or neuronal injury, all of which can be identified through
neuroimaging and CSF measures (Jack et al., 2018). Although biomarkers can increase
substantially the certainty that the basis of a given dementia is the AD pathophysiology
it is recommended to be used only for research purposes and not for routine diagnostic
purposes. One reason for this is that the core criteria for the diagnosis of AD provide
very good diagnostic accuracy. Another reason is that access to biomarkers is limited
in clinical settings. Finally, a third reason is that more research is needed to ensure that

the criteria of the biomarkers have been appropriately designed (McKhann et al., 2011).
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The diagnosis of AD can be classified into three categories: (1) Probable dementia due
to AD, (2) Possible dementia due to AD, which refers to atypical or etiologically mixed
presentations, and (3) Possible dementia due to AD with evidence of biomarkers. The
first two diagnoses are proposed for application in clinical settings while the third one
is intended for research purposes. Patients are diagnosed with Probable AD if they meet
the core criteria. Firstly, the presence of dementia must be established through
neuropsychological evaluation using well standardized measures (for a review on all-
cause dementia’s core clinical criteria see McKhann et al., 2011). In addition, patients’
cognitive impairments must be clearly progressive over months or years, based on
neuropsychological evaluations or detailed history. The cognitive appearance of the
disease can be either amnestic or non-amnestic. The amnestic presentation, which is the
most common, involves both episodic memory decline, such as learning and recall of
new information impairment, as well as dysfunction in at least one more cognitive
domain. The less common non-amnestic presentation can involve language,
visuospatial or executive dysfunctions. Finally, there must be an absence of any other
disease capable of generating a dementia syndrome or core features of other dementias

(McKhann et al., 2011).

The borderline between MCI and AD dementia lies in the ability to function properly
in everyday life. While in MCI the underlying deficits do not intervene in one’s
everyday function, when dementia’s pathophysiology threshold is crossed, patients’
ability to function is impaired. Individuals experience noticeable memory, behavioral
or thinking symptoms that deteriorate over time. The symptoms reflect the underlying

damage of brain cells due to the accumulated pathology (Jack et al., 2018).

AD is separated into three stages of severity: mild, moderate, and severe. In mild AD
individuals may still be able to live independently, work, participate in activities, or
drive. However, they will experience cognitive deficits that are noticeable to family and
close friends and may require assistance to maximize independence. Moderate AD
typically is the longest stage which can last even for years. At that point, symptoms are
more pronounced, and individuals may need a greater level of care. Patients experience
cognitive deficits which prevent them from communicating and performing everyday
living activities, such as bathing, dressing, or eating. In addition, personality, and
behavioral changes, such as agitation and suspicion, increase the need for more

intensive care. The last stage is the most detrimental as patients suffer substantial brain
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shrinkage (Figure 1.6). Therefore, the effect of AD on individuals’ physical and mental
health became remarkably apparent. Patients lose their ability to respond to their
environment or to conduct a conversation. In addition, brain areas involved in
movement are damaged, and therefore they lose their ability to control movement. At
this stage, patients fall into a vegetative state until death (Alzheimer’s Association,

2020).

The exact pace at which symptoms advance from one stage to another varies from
person to person with several aspects, such as cognitive reserve, contributing to this.
The effect of AD on lifespan depends crucially on the age of the diagnosis. A median
life expectancy is estimated from seven to ten years for those diagnosed in their 60s or
70s, to only about three years for those diagnosed in their 90s (Brookmeyer et al., 2002;
Joling et al., 2020).

Figure 1.6 Histological changes in different stages of Alzheimer’s disease

Note: a) During the asymptomatic period, lesions (blue) are observed on the medial temporal
structures. These structures engage in episodic memory, deficits on which is the most common
presentation of typical AD; b) Lesions expand to temporal, frontal and parietal lobe; ¢) Cortical
and subcortical brain areas are severely affected, and patients lose most of their cognitive and

physical abilities. Picture retrieved from: Alzheimer's Disease.

Overall, the AD continuum includes several preclinical and clinical stages. Diagnostic
criteria have been developed and expanded over recent years to distinguish between
different stages on the wide spectrum of AD, from the asymptomatic to the most severe
stage. In addition, several biomarkers have enriched the diagnostic criteria, hence, the
neuropathological changes that outline the disease can be defined in vivo.
Consequently, the dementia syndrome can be attributed to AD with high specificity.
Although biomarkers are proposed to be used only for research purposes, the ultimate

aim is to define the earliest boundary of AD and the exact correlated biomarkers which

13



will distinguish with certainty individuals that will progress to AD dementia from the

ones that will not.
1.4 Neuropsychological Profile of Alzheimer’s Disease

1.4.1 Memory Related Impairment

The most common clinical syndrome resulting from AD pathophysiology is the typical
amnesia predominant dementia syndrome, which is most likely to begin as an aMCI.
As a matter of fact, this presentation of AD is so common that for almost two decades
the diagnostic criteria required memory impairment for the diagnosis (McKhann et al.,
1984). However, over the last few years it has been recognized that AD is a
heterogeneous disease that also includes atypical clinical phenotypes (Galton et al.,
2000; Price et al., 1993), such as posterior cortical atrophy (PCA) or a frontal and
dysexecutive variant in which memory is relatively preserved (Meyer & Hudock, 2018;
Ossenkoppele et al., 2015). Nonetheless, the typical amnestic presentation involves
approximately 86% to 94% of the total AD cases and follows a specific deterioration
and neuropsychological pattern (Dubois et al., 2014). For the purposes of this paper,
the discussion henceforth will be focused only on the typical phenotype of AD.

The neuropathological changes, resulting from the aggregation of neurofibrillary
tangles, in AD start from the entorhinal cortex and hippocampal formations from the
preclinical stage of AD, causing neuronal loss and atrophy in key memory areas and
networks. Brain atrophy is normal in healthy ageing. However, while in normal ageing
approximately only 0.2% to 0.4% of brain volume vanishes every year, in AD the rate
is tenfold and becomes more devastating in key memory areas, such as in the

hippocampus, where 10% of the volume is suppressed per year (Figure 1.7; Jahn, 2013).

The aforementioned structures of MTL and their interconnections with the cortex are
well known to be critical in memory functions and explain the amnestic manifestation
of AD. The memory systems affected by AD have been well researched and understood
(Tachini et al., 2010; Spaan, 2016; White & Ruske, 2002). Among the major memory
systems, episodic memory disruptions represent the earliest signs and symptoms.
Episodic memory is defined as the neurocognitive system that allows the conscious

recollection of events (episodes) that were previously experienced as well as acquiring
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new facts or episodes (Gallagher & Koh, 2011). In AD, episodic memory dysfunction
impedes individuals’ ability to learn and recall new information (i.e., anterograde
amnesia). Therefore, early in the disease, even during the aMCI stage, episodic memory
deficits are manifested as misplacing the keys, missing appointments, forgetting to have
dinner with a friend or not paying the bills. Patients and their loved ones may attribute
these events to fatigue or to distraction. However, episodic memory is the key system
for remembering more crucial events, such as taking medication or whether the oven
has been turned off. Potentially dangerous incidents alarm the family and precipitate

the initial visit to the doctor where the diagnosis of Probable AD will be made.

Figure 1.7 Hippocampus atrophy in an AD patient

Note: Coronal view of the left hippocampus at (A) baseline, gray matter volume = 5.3+0.4 mL,
and (B) 4 years later, gray matter volume = 3.5+£0.2 mL. The average reduction is 0.2 mL/year
(-12%). From “Memory Loss in Alzheimer’s Disease,” by H. Jahn, 2013, Dialogues in Clinical
Neuroscience, 15(4), Atrophy in Alzheimer’s Disease section, Figure 1B (https://doi.org/10.3188)

Episodic memory decline remains one of the most meaningful functional barriers as
patients progress from mild to moderate AD (Gold & Budson, 2008). These disruptions
in episodic memory follow Ribot’s law (Ribot, 1881), indicating that the most recent
memories are the ones to be lost first, before the more remote ones. Consequently, as
the disease progresses, memories from the distant past are better remembered than the

ones that occurred after or shortly before the onset of AD (Sagar et al., 1988).

As discussed earlier, episodic memory system is the most affected by AD
pathophysiology and the major function burden in AD, however, other systems are

impaired too. For instance, AD patients exhibit a progressive decline in semantic
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memory including word finding and picture naming (Rogers et al., 2006; Tippett et al.,
2007). Furthermore, individuals cannot take advantage of semantic relations between
words (Buschke et al., 1997; Spaan et al., 2005). More specifically, patients exhibit
difficulty in their ability to appraise semantic relations—they are no longer able to
discriminate between two related concepts (e.g., rose-flower)—most likely because the
underlying attributed knowledge that discriminates these two concepts has vanished
(Spaan, 2016). Deficits in semantic memory are attributed to histological changes in
the anterior and inferolateral temporal lobes as well as to the frontal lobes where the
amyloid pathology is evident (Davies et al., 2004; Starr et al., 2005). Finally, studies
indicate dysfunctions in working memory (Belleville et al., 2007), visuospatial memory
(Quental et al., 2009) and in several forms of classical conditioning, including the
amygdala-based fear conditioning (Hamann et al., 2002), all of which can be evident in

the beginning of the disease and gradually further deteriorate as the disease progresses.

To summarize, AD is known as an amnesia predominant syndrome that manifests with
episodic memory dysfunctions which constitutes the major everyday function burden.
Accordingly, AD patients exhibit difficulties in learning and recalling information
which occur after the onset of the disease. Memory deficits are often expanding, early
on in the disease, to other systems implicating the function of semantic, working, and

visuospatial memory (Gold & Budson, 2008).
1.4.2 Non-memory Related Cognitive Dysfunction

The clinical diagnosis of AD is made when memory loss accelerates and several other
cognitive and behavioral deficits emerge, reaching the criteria for dementia. As the AD
pathology progresses from the MTL to other neocortical regions, such as the frontal
and parietal lobes, additional behavioral and cognitive symptoms appear and the full
AD syndrome becomes evident (Braak & Braak, 1996; Jack et al., 2000). Wide research
has indicated that significant deficits in executive function (e.g., problem-solving,
mental manipulation of information), attention and processing speed are evident in MCI
patients compared to healthy age-matched adults (Clément et al., 2013; Economou et
al., 2007; Kochan et al., 2011; Summers & Saunders, 2012). While these deficits may
not interfere with everyday activities at the MCI stage, they are substantially impaired

in relation to normal ageing and are reliable predictors of progression to AD, especially
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when accompanied with episodic memory decline (Saunders & Summers, 2011;

Storandt et al., 2006).

Additionally, AD patients demonstrate affected performance in verbal fluency,
especially on category fluency (generating words from a given category, e.g., animals;
Henry et al., 2004; Mueller et al., 2015). The reduced ability of AD patients to
efficiently generate words from given categories, a task that requires integrity of
semantic memory, is explained by the loss of knowledge of the attributes and
associations that define a particular semantic category. This fact supports the notion
that AD patients have a deterioration in the structure and organization of semantic
memory (Rohrer et al., 1999; Weintraub et al., 2012). Finally, it has also been suggested
that deficits in visuospatial abilities, evident in visuoconstructional tasks and tasks that
require visual orientation and visuoperceptual abilities, may be apparent from
preclinical stages. It is evident that the preclinical stage of AD is characterized by a
broad cognitive impairment (Economou et al., 2007) even though memory difficulties

are usually most evident and affect patients’ function (Gold & Budson, 2008).
1.4.3 Neuropsychiatric Symptoms

The exhibited cognitive deficits resulting from the underlying pathophysiology of AD
are devastating. However, the AD clinical presentation is also well associated with
severe behavioral and neuropsychiatric symptoms (B&NPS) from the early onset of the
disease (Fernandez et al., 2010). These symptoms are believed to represent clinical
features of AD and are considered as confounding variables that induce noticeable
impairment while accelerating cognitive decline and having a negative effect on
patients’ and carers’ quality of life (Serra et al., 2010). The estimated prevalence of the
B&NPS ranges from 25% to 80%, expressed in varying degrees throughout the course
of the disease (Finkel et al., 1996). The presence of B&NPS from the MCI stage may
have a prognostic value for the progression to AD while they are predictive indices of
more accelerated deterioration of cognitive function (Li et al.,, 2014), loss of
independence and institutionalization (Zahodne et al., 2015), and shorter survival

(Vilalta-Franch et al., 2013).

The most frequently observed B&NPS involve delusions, apathy, anxiety, depression,

sleep disturbances and agitation (Senanarong et al., 2004). Symptoms such as:
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wandering, psychosis, aggression, hallucinations, disinhibition, and disturbances in
eating behaviors are evident, however, less frequent (Assal & Cummings, 2002;
Ropacki & Jeste, 2005). Considering the prodromal stages of AD, depressive
symptoms, anxiety, apathy, and irritability are the first to be observed (Craig et al.,
2005) while the other symptoms, such as psychosis and wandering, are more typical in
advanced AD (Piccininni et al., 2005). Whether the B&NPS are the expression of
patients’ psychological reaction to cognitive dysfunction or reflect specific brain
pathological changes due to AD is a debatable matter (Serra et al., 2010). However,
neuroimaging studies have reported a link between brain atrophy or other structural
and/or functional abnormalities and the presence and severity of specific B&NPS
(Aalten et al., 2007; Craig et al., 1996). This suggests that neuropsychiatric symptoms
might be a part of AD clinical representation (Serra et al., 2010). Regardless, symptoms
like sleep disturbances, depression, anxiety, apathy, or agitation are recognized as core
AD symptoms and are of high importance for diagnosis as they can be partly treated

with medication and hence prolong patients’ quality of life (Fernandez et al., 2010).

Overall, AD should not be thought of as solely a memory syndrome but rather a disorder
that progressively affects every aspect of cognition and behavior. In addition, even
though episodic memory impairments are the first to be observed and disrupt patients’
ability to function, several non-memory deficits and neuropsychiatric symptoms

accompany the onset of the disease.
1.5 Alzheimer’s Disease as a Disconnection Syndrome

The past decade has witnessed a rapid progress in neuroimaging techniques which have
helped to see AD from a different perspective. A wide range of studies (i.e.,
pathophysiological, electrophysiological, neuroimaging) have suggested that AD
pathophysiology causes loss of brain cells and synapses in key cortical layers which
serve as gateways of neuronal projection between the hippocampus and the rest of the
brain (Allen et al., 2007; Hyman et al., 1986). Further research has identified alterations
in the connection between specific brain regions or networks in MCI and AD (Chen et
al., 2011; Wang et al., 2007; Yao et al., 2013). In addition, the impaired functional
connectivity has been significantly correlated with patients’ cognitive abilities and the

large-scale interconnectivity patterns between several brain areas can differentiate AD
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and MCI patients from healthy subjects (Chen et al., 2011). Finally, it is evident that
the AD severity is related to the long-distance connectivity loss (Liu et al., 2014).
Therefore, convergent evidence suggests that AD can be better explained by the
disturbance of the interactions between different brain areas, hence, AD can be thought

of as a disconnection syndrome (Bajo et al., 2010; Delbeuck et al., 2003, 2007).

In a recent whole-brain functional connectivity study, Zhou et al. (2015) demonstrated
widespread impaired functional connectivity patterns (Figure 1.8), including several
important nodes of the default mode network (DMN), such as the precuneus (PC), the
posterior cingulate gyrus (PCC) and the parahippocampal gyrus (PHIP). These changes
were positively correlated with patients’ impaired cognitive abilities. These findings,
consistent with previous studies (Greicius et al., 2004; Rombouts et al., 2005), illustrate
that the DMN is the most affected network in MCI and AD (Figure 1.9 & 1.10), and
abnormal changes may represent a potential imaging-based biomarker for the early

identification of AD.

The DMN is a large-scale brain network, principally comprised of the PC, the PCC, the
angular gyrus (AG), and the medial prefrontal cortex (MPC), that exhibits remarkably
high metabolic activity in resting state. It is hypothesized that when an individual is
awake and alert but not consciously engaged in a particular task the PC and its
interconnected areas (i.e., the DMN) are engaged in conscious information gathering
and representation of the self and the external world (Trimble & Cavanna, 2008).
Overall, the DMN is best known for its role in various cognitive processes including
episodic memory (Buckner et al., 2008; Raichle et al., 2001). The observed functional
connectivity impairment in the DMN in AD can be explained by the amyloid pathology,
which is evident in these nodes, years before the onset of the disease. The changes in
the DMN, induced by the amyloid pathology, comprised of a set of functionally
interconnected areas (e.g., PCC/PC, interior parietal lobule, dorsomedial prefrontal
cortex; Buckner et al., 2005; Sperling et al., 2009) that project heavily to MTL
structures signifying hippocampus’ cell death by years (Weintraub et al., 2012).
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Figure 1.8 Impaired functional connectivity patterns in AD patients compared to

cognitive normal subjects
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Note: A) Connectivity and the most significantly affected nodes of the DMN in three-
dimensional representation; B) Distribution of the altered functional connectivity indicating the
most affected type of connectivity disruption. The blue colored lines represent the interlobe
functional connectivity while the black ones represent the intralobe connectivity. It is evident
that the interlobe connections, such as the temporal lobe to the frontal and parietal lobes are the
most affected whereas the temporal lobe is the most affected lobe. SFGmed = Medial superior
frontal gyrus; PCC=Posterior cingulate gyrus; PCL=Paracentral lobule; PCUN=Precuneus;
PHIL=Parahippocampal gyrus; MCC=Median cingulate gyrus; SOG=Superior occipital gyrus.
From “Aberrant Functional Connectivity Architecture in Alzheimer’s Disease and Mild
Cognitive Impairment: A Whole-Brain, Data-Driven Analysis,” by B. Zhou et al., 2015,
BioMed Research International, 2015, Results section, Figure 3 (https://doi.org/10.1155).

Figure 1.9 The default mode network
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Note: A) In healthy ageing and in B) familial AD. Retrieved from Alzheimer’s Association
International Conference 2012 (Part 11 of 18): Jasmeer Chhatwal, Massachusetts General

Hospital.

Figure 1.10 Functional connectivity of default mode network as shown by resting state

functional MRI1

Note: A) Healthy elderly controls; B) MCI; C) Sporadic AD. The regions in orange indicate
those areas that show temporal correlation of their BOLD signal at test. From “Diagnostic
power of default mode network resting state fMRI in the detection of Alzheimer’s Disease,” by
W. Koch et al., 2012, Neurobiology of Aging, 33(3), Results section, Figure 1
(https://doi.org/10.1016)

It is well documented that even from the early stages of AD, functional connectivity in
the DMN is impaired. This abnormal functional connectivity hinders the
communication between the hippocampus and the rest of the brain causing cognitive
impairment (Zhou et al., 2015; Chen et al., 2011). Thus, a key question is whether an
improvement of functional connectivity within the DMN, will alleviate cognitive

impairment in MCI and AD patients.

1.6 Role of the Precuneus in the DMN and Episodic
Memory

The PC is located on the posterior medial parietal cortex (Brodmann’s Area 7), hidden

in the depths of the longitudinal fissure (Figure 1.11). Because of its hidden position it
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is only recently, due to the advance of neuroimaging techniques, that this area was
investigated and its crucial role in cognition confirmed (Trimble & Cavanna, 2008).
Converging lines of evidence indicate the PC as the functional core of the DMN,
supporting complex cognition and behavior (Cavanna & Trimble, 2006; Utevsky et al.,
2014). Its role has been of particular interest as it shows the highest metabolic activity
in resting state within the DMN, that is 35% more glucose than any other brain area
(Gusnard & Raichle, 2001). The PC has extensive reciprocal and bilateral cortical and
subcortical connections, including the association cortices, the medial and lateral
parietal cortices, the MTL, the thalamus, the striatum, and the brainstem. It has also
been demonstrated that the PC is strongly interconnected with the frontal lobes. In
addition, the PC is more highly developed in terms of comprising a greater portion of
the brain volume, while at the same time demonstrating the most complex columnar

cortical organization and it is among the last areas to be myelinated.

Overall, anatomical, and functional connectivity data suggest that the PC is a major
association area that is implemented in a variety of higher-order cognitive functions
(Cavanna & Trimble, 2006). Finally, the PC/PCC node is considered to play a pivotal
role in the DMN as it is the only node that directly interacts with all the network’s

cortical structures (Fransson & Marrelec, 2008).

Figure 1.11 Sagittal MRI slice of precuneus, portrayed in red

Note: Picture retrieved from: wikimedia.org/Precuneus.
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The PC exhibits decreased activation during external tasks. However, it shows
significantly increased activation in response to rest and specific cognitive tasks, such
as in episodic and autobiographical memory (Addis et al., 2004; Eustache et al., 2004;
Lundstrom et al., 2005). Functional imaging data on brain activation patterns during
episodic memory tasks suggest strong involvement of the PC in most episodic memory
tasks (Krause et al., 1999; Rugg et al., 2002; Schmidt et al., 2002; Shallice et al., 1994).
PC activation is evident during the classic laboratory episodic memory tasks (e.g., word
lists or paired association tasks), but importantly it is also observed in naturally acquired

autobiographical memories (Gilboa et al., 2004; Lundstrom et al., 2005).

Concerning the AD, it has already been mentioned that aberrant functional connectivity
on the DMN is evident in preclinical stages and the extent of the aberrance is
significantly correlated with the disease’s severity and patients’ cognition (Zhou et al,
2015). Moreover, further research has demonstrated that functional connectivity
between the hippocampus and the rest of the brain is substantially decreased in MCI
and AD patients, in relation to healthy controls, with the hippocampus-precuneus
network to be the most affected (Greicius et al., 2004; Kim et al., 2013; Sorg et al.,
2007). Furthermore, non-demented APOE €4 (i.e., the most prominent susceptibility
AD-related gene) carriers, exhibit PC cortical thickness, decreased functional
connectivity with key DMN nodes and abnormal PC activation during memory-
encoding tasks, in contrast with non-carriers. Brain degeneration patterns in APOE
carriers at the preclinical stage follow the same degeneration pattern evidenced in AD.
In fact, AD patients who carry the APOE &4 exhibit PC progressive atrophy relative to
non-carriers (Hashimoto et al., 2009). These findings suggest that the APOE-related
damage pattern is PC-based (Chen et al., 2016). In a further point, MCI patients exhibit
structural atrophies limited to the PC and PCC relative to AD patients, indicating the
starting point of degeneration (Gili et al., 2011). Overall, it is suggested that the PC is
particularly vulnerable to the amyloid deposition (Sperling et al., 2009), and its
structural deficit starts before the disease’s onset (Chen et al., 2016).

Based on the research discussed in this chapter, it is evident that the PC is a pivotal
cortical region, affected by AD neuropathology before the onset of the disease. The PC
shows cortical atrophy and abnormal activation during memory tasks while presenting
aberrant functional connectivity with the medial temporal lobe structures (i.e.,

hippocampus) and other important nodes of the DMN leading to episodic memory
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dysfunctions (Buckner et al., 2005; Seeley et al., 2009). Taking all of this into account,
PC might be an ideal brain region to target in future interventions aiming to improve

AD related cognitive impairment.
1.7 The Long Road to a Cure for AD

As already discussed, AD is a neurodegenerative disorder that eventually leads to
severe brain shrinkage and death. Despite the extensive research over the last decades
and billions of dollars invested in this research, the exact etiology of the disease is still
unknown and there are no available treatments to effectively stop or reverse the
neurodegeneration. Aside from a few medications that only temporarily alleviate
symptoms, the controversial monoclonal antibody aducanumab (Khanna et al., 2022)
is the closest thing to an effective treatment. However, even though the aducanumab
was approved by the US Food and Drug Administration (FDA)—based on evidence
indicating its effectiveness in reducing the accumulated amyloid plaques— its efficacy
in improving cognitive function remained ambiguous (Moutinho, 2022). In addition,
due to severe side effects such as brain swelling and bleeding, together with the fact
that at least four patients who were talking the medication died (although a clear link
between their deaths and the medication has not been proven yet) the aducanumab was
rejected by the European Medicines Agency and later the pharmaceutical company (i.e.,
Biogen Netherlands) withdrew the application before the scheduled re-evaluation

(Moutinho, 2022; European Medicine Agency, 2022).

The road to the development of an effective treatment has been long and until today is
paved mostly with failures. Over 140 medications are being investigated in more than
170 clinical trials. The majority of these drugs are disease modifying medications which
try to prevent or delay the onset or progression of AD. Nevertheless, Cummings et al.
(2014) reported that 99% of AD drug clinical trials have failed to find a positive

effect—among the greatest failure rate for any disease (Moutinho, 2022).

The poor performance of drugs can be explained by many factors, one of which states
that maybe the field has been extensively focused on the amyloid plaques at the expense
of other possible targets. The amyloid hypothesis is the most well-funded and
investigated hypothesis of AD. It suggests that the disease is caused by the amyloid

plaques aggregation which leads to cell death and cognitive impairment. The
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observation of the amyloid accumulation dates back to Lois Alzheimer who first
observed them in the brain of his famous patient Augusta. Since then, accumulative
evidence (e.g., Hampel et al., 2021; Morgan, 2006; Murphy & Levine, 2010) has
supported the concept that this pathology was the most possible cause of AD.
Therefore, hundreds of drugs have been developed to clean up or prevent amyloid-3
deposits from accumulating. Yet, even when the reduction of amyloid-f succeeded the

patients did not show cognitive improvement (Salloway et al., 2014).

Following constant failures, scientists have increasingly shifted towards the belief that
amyloid-f is one of the AD symptoms, but not necessarily a cause or the primary cause
of the disease. The disadvantage of the observed hyperfocus on the amyloid pathology
is that it has hindered investments in research on other possible targets. While the
amyloid is still the focus of many clinical trials, alternative hypotheses are being
developed and AD pathology is currently under the microscope for the identification of
other possible targets. For instance, drugs are now targeting the observed chronic
neuroinflammation (Cummings et al., 2022; Kumar et al., 2016) while different
perspectives approach AD as a type 3 diabetes (Kyrtata et al., 2021; Xue et al., 2019)
or as a viral infection (Jansen et al., 2019; Tzeng et al., 2018). These are among the few
innovative drug approaches which clearly indicate a new era in AD research while
showing that scientists are now open to new unbiased observations for the causes of
AD and the possible mechanisms that might eventually lead to an effective treatment

(Moutinho, 2022).

1.7.1 Current Treatment of Alzheimer’s Disease

To date, AD treatment is being approached pharmacologically only to counterbalance
the known neurotransmitter disturbance and improve patients’ behavioral symptoms

(Yiannopoulou & Papageorgiou, 2020).

It is well known that loss of cholinergic neurotransmission is a main characteristic of
AD (Beach et al., 2000; Giacobini, 1990; Perry et al., 1977), therefore, routinely AD is
treated with cholinesterase inhibitors, such as donepezil, galantamine, and rivastigmine
(Onor et al., 2007; Rogers & Friedhoff, 1996; Sharma, 2019). Their development was
based on the cholinergic hypothesis which indicates that the gradual loss of cholinergic

neurotransmission from neocortical and limbic brain areas is critical for higher
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cognitive functions, like learning and memory. In addition, the neurofibrillary
pathology in the basal forebrain, which is probably the primary cause of dysfunction
and death of cholinergic neurons in this region, generates a widespread presynaptic
cholinergic denervation. The cholinesterase inhibitors increase the availability of
acetylcholine at synapses leading to increasing communication between the nerve cells,
which in turn, may temporarily improve cognitive function in AD patients (Hampel et

al., 2018).

Even though the above-mentioned medications are approved treatments for AD, their
effectiveness has been questioned. For instance, a long-term study, using donepezil
treatment, demonstrated no significant benefit of the drug compared to placebo for
institutionalization and progress to disability (Courtney et al., 2004). Burns et al. (2008)
found that the response to donepezil in AD patients varied from 26% to 63%, while that
of placebo reached 47%. In a meta-analysis of randomized, placebo-controlled clinical
trials of cholinesterase inhibitors, a substantial and marked benefit was found for only
2.3% of the patients (Lanctot et al., 2003). Lastly, it is known that medications have
only limited and transient effects while their adverse side effects (e.g., cardiovascular
events, nausea, dizziness, fatigue, insomnia, diarrhea) cannot be tolerated by some

patients (Howes, 2014; Kroger et al., 2015; Valladales-Restrepo et al., 2019).

Overall, AD pharmacological treatment involves typically (but not only, i.e.,
glutamatergic drugs) cholinesterase inhibitor medications, which have played a pivotal
role in stabilizing symptoms (Haake et al., 2020). However, considering the limited and
transient effects of medications, the development of novel non-pharmacological
interventions to slow the progressions or to improve patients’ symptoms, has gained
increased interest over the last decade. The entrainment of gamma brain activity has
recently gained scientific attention while non-invasive brain stimulation approaches
have been tested in AD patients, providing promising results as an alternative potential

treatment (Rajji, 2019).
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1.8 Gamma Oscillations in Alzheimer’s Disease and Their

Potential Therapeutic Role!

It is more than 110 years since AD was discovered. Even though scientific knowledge
has increased enormously since then, and our understanding of the pathological
mechanisms involved in AD have been well-identified, clinical trials that have targeted
these mechanisms have not succeeded in identifying effective methods to treat or
reverse the disease (Fan et al., 2020). Considering the alarming rise and the tremendous
personal, social, and financial burden of AD, scientists have tried to move away from
the well-recognized hypotheses. AD pathogenesis has recently been explored from
different perspectives, such as infection, cerebral vasoconstriction, and prion
transmission (Jeong et al., 2018; Seminara et al., 2018; Tian et al., 2019), offering new

insights into the potential treatments of AD.

A recent pioneering approach targets brain waves to treat AD pathology (for a review
please see Traikapi & Konstantinou, 2021). Brain oscillations, particular gamma
oscillations, are altered in AD patients and animal models of the disease (e.g., Jelles et
al., 2008; Klein et al.,, 2016). On that basis, a novel approach investigates the
effectiveness of a therapy based on modulation of neuronal gamma oscillations using

sensory inputs, signifying a new and promising era in AD research.

! An adapted version of this section has been published in the journal Frontiers in Systems Neuroscience
as: Traikapi, A., & Konstantinou, N. (2021). Gamma oscillations in Alzheimer’s disease and their

potential therapeutic role. Frontiers in Systems Neuroscience. https://doi.org/2021.782399
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1.8.1 Aberrant Gamma Neural Activity in AD: Evidence from

Animal Studies

Gamma waves are the fastest brainwaves in the human brain, produced by
synchronized electrical pulses from masses of neurons communicating with each other,
resonating between approximately 25 and 100 Hz (Hughes, 2008). Several human
studies have investigated their role in object representation and visual feature binding
(Tallon-Baudry & Bertrand, 1999) as well as in higher cognitive functions (Griffiths et
al., 2019; Miller et al., 2018; van Vugt et al., 2010). Gamma rhythms have been
recorded ubiquitously across the human brain. They are being widely encountered in
the visual system (Murty et al., 2018; Zhigalov et al., 2021) in addition to different
cortical and subcortical brain structures (Cohen et al., 2009; Manabe & Mori, 2013; van
der Werf et al., 2010). What is more, it has been suggested that gamma-band
synchronization supports fundamental functions critical for various cognitive
processes (Bosman et al., 2014). All this evidence reveals gamma oscillations’
multifunctionality, which supports a wide range of both sensory and higher cognitive
functions (for further information on gamma oscillations, please see Bosman et al.,

2014; Cannon et al., 2014; Cole & Voytek, 2017; Fries, 2015).

Mounting evidence suggests that gamma rhythms are also prominent in the
hippocampus, playing a crucial role in memory functions (e.g., Buzséaki, 2015; Carr et
al., 2012; Colgin & Moser, 2010). It is, therefore, not surprising, that disorders
characterized by memory impairment, such as AD, are associated with aberrant activity
of gamma oscillations (Mably & Colgin, 2018). The presence of gamma oscillations
has been identified in vivo in the hippocampus and the entorhinal cortex of healthy
rodents (Penttonen et al., 1998), while changes in this brain activity have been evident
in several rodent models of AD. In fact, Klein et al. (2016) reported changes in
rodents’ gamma oscillations in the entorhinal cortex at an early stage of the disease.
Another study found impaired theta-gamma cross-frequency coupling in the
hippocampus before plaque formation, in 1-month old transgenic mice (Goutagny et
al., 2013). Verret et al. (2012) identified that both AD patients and transgenic mice
presented dysfunctions on the parvalbumin cells and inhibitory synaptic activity which
resulted in aberrant gamma oscillatory activity and cognitive disfunction. Restoring the

levels of the interneuron-specific and parvalbumin cells sodium channel proteins had
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profound and beneficial effects on gamma brain activity and cognitive function.
Goutagny et al. (2013) indicated that the reduction of slow gamma activity (25-50 Hz)
in the hippocampal area CA1 can result in impaired memory function. Similar findings
were reported by Mably et al. (2017) who demonstrated that decreased gamma activity
in mice models of AD can result in memory dysfunction. Cumulatively, current
evidence suggests that gamma brain activity is decreased in mice models of the disease,
causing cognitive dysfunction. The exact mechanisms responsible for this alteration are
not known, however, it has been suggested that synaptic and neuronal functions are
affected by either soluble AP or its fibrillary forms (Walsh & Selkoe, 2004),
contributing to network alterations (Palop & Mucke, 2016). In rodents, these changes
are reported to appear before plaques formation (Etter et al., 2019; Iaccarino et al.,

2016).

Evidence that aberrant gamma activity and cognitive dysfunction arise in mice models
of AD before the accumulation of amyloid plaques provides convincing evidence that
abnormalities in gamma brain oscillations may represent an early biomarker for AD
(Goutagny et al., 2013; Mably & Colgin, 2018). Nevertheless, the question of whether
the aberrant gamma oscillations activity is responsible for the observed cognitive
impairment in AD patients or if it is just another by-product of the disease pathology,
which produces the cognitive symptoms, remains to be answered. Additionally, it is
unclear whether inducing gamma oscillations in transgenic mice can affect AD
pathophysiology and cognition. It has been shown, however, that steady-state brain
gamma oscillations can be stimulated or driven by sensory stimulation (e.g., Ross et
al., 2013) and that neuronal activity has the potential to modulate the AP load (Bero et
al., 2011; Cirrito et al., 2005).

1.8.2 The Effects of Sensory Gamma Stimulation in Mice

In light of the accumulative evidence, an important set of studies demonstrated that
restoration of gamma oscillations has the potential to alleviate AD pathology and
cognitive function in mice. First, laccarino and colleagues (2016) used a non-invasive
brain stimulation technique to manipulate gamma brainwaves. Specifically, the authors
used light flicker stimulation at three different frequencies (20, 40, 80 Hz), constant
light or dark, and random flicker to treat the pathology of SXFAD mice. After only one

hour of stimulation the authors observed reduction of AP levels in visual cortex by
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almost 60%, compared with dark controls. Another critical finding was the
transformation of microglial morphology consistent with increased phagocytic activity
and the elevation of microglia/Ap interactions. These effects were specific to 40 Hz
light exposure as neither constant light nor 20 Hz, 80 Hz or random flicker, led to
significant changes in mice pathology. After treating SXFAD mice for one hour daily
over seven days, the investigators found that 40 Hz visual stimulation significantly
decreased both soluble and insoluble APi40 and APi4 levels and reduced the
accumulated amyloid pathology in visual cortex by almost 67%, compared with dark
controls. Finally, they observed reduction of the tau tangles in a mouse model of
tauopathy, indicating the generalization of 40 Hz stimulation effect to other pathogenic
proteins. Interestingly, these findings were replicated in several mice models, including
WT, 5XFAD, and APP/PSI, suggesting that the effects are not specific to one animal

model.

In a more recent study Martorell et al. (2019) presented mice models of AD with noise
stimuli at 8 Hz, 40 Hz, 80 Hz and random stimulation tones for one hour, daily, for
seven days. The authors reported that only 40 Hz stimulation produced similar with
Iaccarino et al. (2016) results, that extended from the primary auditory cortex to the
hippocampus and were accompanied by memory improvements. When the authors
combined the auditory with the visual (A+V) 40 Hz stimulation they observed
reduction of amyloid dispositions not only to the primary sensory cortices and the
hippocampus, but also to the medial prefrontal cortex and within the whole neocortex.
Amyloid reduction was frequency-specific, as it was observed only at 40 Hz but not at
8 Hz, 80 Hz or at random A+V frequency stimulation. In addition, the authors observed
profound glial responses after the concurrent A+V 40 Hz stimulation to the
aforementioned areas, versus visual or auditory stimulation alone and no stimulation

controls.
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Figure 1.12 Series of gamma sensory stimulation experiments indicating AD pathology

amelioration
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Note: A) Gamma activity produced by light flicker decreased pathology in the VC; B) 40 Hz
auditory stimulation led to AD pathology reduction in the AC and hippocampus; C)
Combination of auditory and visual gamma stimulation had a unique effect of reducing the
amyloid load in broad brain areas and induced a cluster phenotype response by microglia. From
“New Insights. Into the Pathogenesis of Alzheimer’s Disease,” by L. Fan et al., 2020, Frontiers
in Neurology, 10(1312), Gamma Oscillations Ameliorate Pathology and Cognitive Impairment
in AD section, Figure 2 (https://doi.org/10.3389)

Finally, from a study of the same research group (Adaikkan et al., 2019), it became
evident that 40 Hz visual stimulation entrains gamma oscillatory activity not only to
the visual cortex but also to the hippocampus, the prefrontal, and the somatosensory
cortices. In addition, gamma activity was not enhanced only at local networks but also
between these areas, indicating that 40 Hz light stimulation improves inter-area
communication, whereas stimulation at 80 Hz did not produce similar results. Finally,
the authors delivered 40 Hz visual stimulation or no stimulation to tau P301S mice for

22 days. It was found that prolonged daily 40 Hz visual stimulation had a
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neuroprotective effect, in terms of reduction of neuronal and synaptic loss in broad

brain areas, which was accompanied by cognitive improvements.

Overall, these studies provided evidence that inducing gamma oscillations through
sensory 40 Hz stimulation has the potential to ameliorate several of AD’s key
neuropathologies such as amyloid plaques, neurofibrillary tangles, and neuronal and
synaptic loss, in several mice models of AD. While the exact mechanisms under which
the observed changes occurred remain to be determined, these findings raised the
interesting question of whether an increase in gamma frequency neural activity in
humans can be a promising strategy to alleviate AD’s pathological changes and hence,
to restore patients’ cognitive deficits. In any case, generalization of these 40 Hz
protocols has gained interest and it is currently one of the most promising areas of

research (McDermott et al., 2018).

1.8.3 Sensory Gamma Frequency Stimulation in Alzheimer’s

Disease Patients

The accumulating evidence on gamma entrainment through visual and auditory
stimulation in mice was a major stride towards establishing the importance of gamma
brain waves, particularly at 40 Hz, in the amelioration of AD neuropathology. The
research on the therapeutic efficacy of gamma sensory stimulation in AD patients,
although still in its infancy, provides encouraging data. Clements-Cortes et al. (2016)
evaluated the effects of 40 Hz sound stimulation versus non-rhythmic visual stimulation
in AD patients. The study indicated that somatosensory stimulation, via a device (i.e.,
NextWave chair) which produced 40 Hz sound waves through six speakers, had a
significant effect on the cognitive function of patients with mild to moderate AD, in
contrast with the visual stimulation which involved nature pictures displayed on a
television screen. While patients’ gamma brain activity or possible changes on AD
pathology were not assessed, this study provided solid evidence regarding the efficacy
of gamma-based treatment in AD. More recently, (Suk et al., 2020) developed a light
and noise delivery device and stimulated at 40 Hz cognitively healthy, AD, and
epileptic patients while their electrophysiological responses were recorded. The
concurrent auditory and visual stimulation was proved safe in all subject groups,

including the epileptic patients, while induced highly coordinated 40 Hz oscillations.
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Even though patients’ cognitive abilities were not examined, this study provided
preliminary evidence regarding the safety and feasibility of 40 Hz sensory stimulation

in AD patients.

To investigate the efficacy of sensory stimulation as a novel disease modifying therapy
in AD patients, Chan et al. (2021) conducted a longitudinal, placebo-controlled trial.
Specifically, 15 patients with mild AD were recruited and divided into experimental
and control groups. Both groups were given the same sensory stimulation device to use
at home for one hour daily. The devise was programmed to deliver constant white light
and noise to the control group and synchronized audiovisual stimulation at 40 Hz to the
active group. AD patients who received real auditory and visual stimulation treatment
daily, over a period of three months, presented reduced loss of functional connectivity,
improved memory performance and ameliorated sleep markers in relation to controls.
Additionally, the active group showed less brain atrophy and more importantly did not
show further hippocampal atrophy or ventricular expansion in relation to the control
group, indicating a possible delay in the disease progression. In the same manner, He
et al. (2021) recruited 10 patients with prodromal AD who received daily 40 Hz
audiovisual sensory stimulation for 1 hour over the course of 4 or 8 weeks. Even though,
control group or sham stimuli were not included for comparison reasons, the study
indicated that the treatment was safe and resulted in improved functional connectivity
in the default mode network and altered cytokines and immune factors in the
cerebrospinal fluid. Overall, both studies provided compelling evidence that gamma-
based therapy, through visual and auditory stimulation, may have a disease modifying

effect and may be used to alleviate AD pathology.

1.8.4 Gamma Frequency Non-Invasive Brain Stimulation in

AD Patients

Sensory brain stimulation is currently the most commonly used technique to change
brain waves activity in AD research. However, there are other approaches available
which allow interference with brain activity and stimulate in desirable frequencies.
Among these, transcranial alternating current stimulation (tACS), a non-invasive brain
stimulation technique, has been proposed as an alternative technique to sensory

stimulation and has the potential to result in stronger effects (Strilbber & Herrmann,
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2020). TACS delivers sinusoidal alternating electric currents over cortical areas of
interest, at specific frequencies, entraining cortical oscillations at these frequencies.
Hence, it has the potential to modulate cognitive functions that are related with the
applied frequencies (for reviews please see Herrmann et al., 2013; Paulus, 2011). A few
studies have employed 40 Hz tACS in AD patients providing indications of cognitive
improvements (e.g., Benussi et al., 2021). For instance, Kehler et al. (2020) examined
whether 40 Hz stimulation over the left dorsolateral prefrontal cortex, through tACS,
could improve cognitive function in AD patients. Eleven patients with mild to moderate
AD received two 30-min stimulation sessions per day, accompanied by cognitive
exercises, for four consecutive weeks (active group) while six patients received
cognitive exercises alone, for 4 weeks (control group). Memory improvements were
observed in both groups, however, these improvements were maintained only to the

active group at the follow up, at the 1-month post-treatment assessment.

The most notable results for the use of non-invasive gamma stimulation in AD, come
from Liu et al. (2021). The authors employed repetitive transcranial magnetic
stimulation (rTMS), a non-invasive brain stimulation technique that induces a pulsing
electric current to the brain (a comprehensive description of TMS is provided below)
and demonstrated the clinical efficacy of 40 Hz in improving cognitive impairments in
AD. The authors recruited 37 AD patients divided into active and sham TMS groups
who received 12 sessions of 40 Hz TMS bilaterally at the angular gyrus, over the
course of 4 weeks, and found significant cognitive improvement which lasted for up to
8 weeks in relation to sham stimulation. The authors also reported that 40 Hz TMS
stimulation led to prevention of gray matter volume loss, and modulated gamma
activity in the temporoparietal cortex as measured with power spectral density analysis
of the resting-state electroencephalography (EEG) recordings, while at the same time
increased local, long-range, and dynamic connectivity within the brain, enhancing
information flow and integration. Importantly, the intervention was proven safe with
no side effects. Accordingly, TMS might also have the potential to promote gamma

rhythm synchronization, providing a novel non-pharmacological intervention for AD.

The non-invasive brain stimulation techniques provide the benefit of selecting specific
brain areas for stimulation. Even though up to date no specific area has been identified
as ideal to provide the most beneficial effects, it is suggested that several areas or

pathways that are known to be negatively affected in AD, could provide potential
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targets. On that basis, by targeting these areas, crucial for normal cognitive function
brain connections and pathways could be strengthened or rescued (e.g., stimulating the
precuneus to alleviate abnormal functional connectivity in the default mode network)

leading to cognitive improvements (Heath et al., 2018).

1.8.5 Gamma-Band Stimulation: A Pioneering Approach to

Treat Alzheimer’s Disease?

Gamma oscillations reflect a fundamental brain process, critical for healthy intra-brain
communication and cognitive functions, especially memory, and, if disturbed, results
in cognitive disfunction (Basar, 2013). Decreased gamma brain activity has been
observed in both mice models of AD and human patients. Evidence, indicating aberrant
gamma brain rhythms in mice, before the accumulation of amyloid plaques (Goutagny
et al.,2013; [accarino et al., 2016) has drawn scientific interest toward the investigation
of their role in AD pathology and their potential role in its treatment. Etter et al. (2019)
showed that restoration of gamma oscillations in the hippocampus by optogenetic
gamma stimulation of parvalbumin neurons is sufficient to rescue memory loss in mice
without decrease of plaque load. In that respect, it is evident that gamma brain waves
play a crucial role in memory function that appears to be independent from plaque

accumulation.

Whether the observed disruption in gamma brain activity is responsible for the
cognitive impairment in AD, or if it is just another outcome of the disease’s pathology
remains to be answered. However, the entrainment of this brain activity and the
consequent impact on the disease’s pathology has gained interest and has signified a
new and promising era in AD research. Even though the investigations are still at their
infancy, evidence suggests that restoration of gamma oscillations, through auditory and
visual gamma stimulation, may have the potential to ameliorate AD pathology and
improve cognition. The first evidence regarding the effectiveness of 40 Hz gamma
entrainment through sensory stimulation in human patients (Chan et al., 2021; He et al.,
2021), supports the notion regarding the essential role that gamma brain activity plays
in AD pathology. In addition to sensory stimulation, scientists have investigated the
effects of 40 Hz stimulation using other techniques that allow interference with brain

activity and stimulate at desirable frequencies. For instance, non-invasive methods,
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such as transcranial magnetic stimulation, have been used generating positive results.
On that basis, the new and promising research area of investigating the potential of

gamma stimulation as a disease modifying therapeutic for AD, has emerged.

1.9 Non-Invasive Brain Stimulation

Non-invasive brain stimulation (NIBS) in rehabilitation is an emerging field
experiencing rapid growth over the last few years. Many clinical trials test the
effectiveness of such strategies to reduce pathology and improve patients’ cognitive
function. In AD clinical trials NIBS techniques such as focused ultrasound (e.g., Ning
et al., 2022; Jeong et al., 2021; Mehta et al., 2021) and transcranial direct current
stimulation (e.g., Cammisuli et al., 2022; Chen et al., 2022; Majdi et at., 2022) appears
to enhance cognitive function. For example, Beisteiner et al (2020) found that two
weeks of transcranial pulse stimulation with ultrasound led to significant cognitive
improvements in AD patients that remained for three months post stimulation.
Similarly, two weeks of transcranial direct current stimulation improved AD patients

cognitive function and prevented the amyloid beta accumulation (Khedr et al., 2019).

In addition to NIBS approaches, several studies have verified the potential significant
effects of cognitive training and cognitive stimulation in AD. These approaches involve
various activities and tasks, designed to stimulate, and train patients’ cognitive abilities
such as memory and executive functions. The aim is to slow down the effects of
neuropathological changes observed in AD (Glovagnoli et al., 2017; Kallio et al.,
2017). Cognitive training together with NIBS represent the current innovative strategies
to improve cognitive impairment in AD. The combination of these approaches has
recently gained interest in an effort to maximize the effect on patients’ behavior

(Vecchio et al., 2022; Brem et al., 2020; Thams et al., 20220.

Transcranial magnetic stimulation represents a promising and well investigated strategy
among NIBS approaches to modify brain activity and reduce pathology in neurology

and psychiatry (for review see Somaa et al., 2022; Turi et al., 2021).

36



1.9.1 Transcranial Magnetic Stimulation

Transcranial Magnetic Stimulation (TMS) is an effective and safe non-invasive brain
stimulation method, which is based on electro-physical principles, discovered by
Michael Faraday. Fundamentally, TMS uses electromagnetic induction to induce
electric currents in the brain. Pulses of current in an external specialized coil (Figure
1.13 A) generate a rapidly changing magnetic field that can penetrate the scalp and skull
with little impedance. The induced electrical field can cause an eddy current to flow
into the brain area underneath the coil. Depending on the stimulation parameters, the
induced current can modulate cortical excitability, increasing it or decreasing it,
activating, or deactivating cortical and subcortical networks with multiple effects
(Iglesias, 2020). Sufficient evidence suggests that TMS produces aftereffects on the
brain that outlast the stimulation period leading to subsequent behavioral changes

(Chervyakov et al., 2015).

TMS can be applied one pulse at a time, single-pulse TMS, or in trains, repetitive TMS
(rTMS). Single pulses are used basically to explore brain functioning in healthy
subjects (Figure 1.13 B), whereas rTMS is used to induce changes in cortical areas of
interest. It is estimated that the coil, which is positioned superficially above the brain
area of interest, produces a magnetic pulse to a depth of 1.5 to 3 cm beneath the scalp
(Rossi et al., 2009). Low-frequency rTMS, which is defined as <1 Hz, produces
inhibitory aftereffects, reducing cortical excitability, increasing cortical silent period,
and decreasing the motor-evoked potential amplitudes in the brain area of application.
In contrast, high frequency rTMS, defined as >1Hz, leads to facilitatory aftereffects
enhancing the cortical excitability (Iglesias, 2020).
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Figure 1.13 Transcranial Magnetic Stimulation

A B

Note: A) A Figure of Eight TMS Coil used in TMS. During TMS application, the coil is
connected to a magnetic stimulator unit. Then, the coil is placed superficially above the brain
site of interest, producing a magnetic pulse in a depth of 1.5 to 3 cm underneath the scalp,
leading to cortical excitability modulation. Picture retrieved from magstim-rapid2; B) The
picture illustrates an area (depicted in red) of coil-induced stimulation on the left posterior-
occipital region. Changes were induced on the contra-lateral visual field, demonstrating
inhibition of vision, scotomas and phosphenes. These phenomena produced by the TMS
application have been documented in several experiments crucial for understanding the utility
and underlying mechanisms of TMS (e.g., Amassian et al., 1989; Kammer et al., 2005). From
“Transcranial Magnetic Stimulation as Treatment in Multiple Neurologic Conditions,” by A.
H. Iglesias, 2020, Current Neurology and Neuroscience Reports, 20(1), Introduction section,

Figure 2 (https://doi.org/10.1007/s11910-020-1021-0).

Even though the exact pathophysiological mechanisms underlying the long-lasting
effects of TMS remain unclear, it has been proposed that the effects on synaptic
plasticity, through long-term potentiation (LTP) and long-term depression (LTD), are
the key mechanism that supports the changes following the TMS exposure. LTP
increases synaptic strength which can be evident for days, weeks, months or years and
is induced by high-frequency stimulation, whereas LTD results in long-term reduction
of synaptic strength and is caused by low-frequency stimulation (Duffau, 2006).
Furthermore, rodent studies have demonstrated that TMS enhances neurogenesis and
has a positive effect on differentiation and growth of neural stem cells (Arias-Carrion
et al., 2004; Meng et al., 2009; Ueyama et al., 2011). In addition, Vlachos et al. (2012)
studied the effects of TMS in the hippocampal CAl cells of mice and found that
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magnetic stimulation caused a remodeling of the dendritic spines. Additionally, a large
body of literature suggests that TMS has an impact on the brain’s neuroprotective
mechanisms, including neuronal protection against death, alteration of blood flow and
metabolism, while at the same time enhancing the recovery of neuronal function after
brain injury (Fujiki et al., 2003; Funamizu et al., 2005; Ogiue-lkeda et al., 2005; Sun et
al., 2012).

The overall therapeutic effect of TMS can be determined by its impact in several brain
processes (for a review see Chervyakov et al., 2015). Most importantly, TMS has the
capability to facilitate the function of certain areas after brain damage or dysfunction,
giving it a unique therapeutic potential. In fact, the last decade has witnessed a rapid
increase in TMS application to study cognition, pathophysiology, and brain-behavior
relations in various psychiatric and neurological disorders (George et al., 2007; Iglesias,
2020a). Today, TMS is an approved method for treating depression and obsessive-
compulsive disorder, and accumulated evidence suggests its effectiveness in a variety
of neurological diseases such as Parkinson’s disease, stroke, multiple sclerosis, aphasia,
tinnitus, epilepsy, and pain syndromes (Lefaucheur et al., 2014). rTMS has been used
as an alternative therapeutic strategy in MCI and AD, demonstrating its ability to

enhance cognitive function (Lee et al., 2016).
1.9.2 Repetitive TMS Safety Issues

Safety precautions and ethical recommendations on the application of TMS, guided by
consensus conferences, exist and are being modified according to new evidence to
guide researchers and clinicians (Lefaucheur et al., 2014, 2020). Guidelines include
recommendations on four key parameters (i.e., intensity, train duration, inter-train
interval and frequency). Even though the safety of TMS has been supported by several
meta-analyses of the published literature (see Janicak et al., 2008; Loo et al., 2008),
there are side effects linked to TMS use. The most hazardous side effect is seizure
induction during the TMS session, however it is extremely rare (1.4% possibility in
epileptic patients & less than 1% in normal individuals). More common but less serious

side effects include headaches, local pain, neck pain and toothache (Rossi et al., 2009).
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1.10 Transcranial Magnetic Stimulation in Alzheimer’s

Disease

The use of brain stimulation in MCI and AD has gained considerable clinical interest.
A large and growing body of literature has demonstrated the beneficial effect of rTMS
in various cognitive domains (for a review see Dong et al., 2018). Cotelli et al. (2006)
enrolled 15 patients with probable AD to investigate the effect of high frequency rTMS
at 20 Hz, applied bilaterally to the dorsolateral prefrontal cortices (DLPFCs), on picture
naming. They reported significant improvement in action naming. Based on this
promising result, they conducted another trial with 24 AD patients suffering from mild
to severe dementia. Similar to previous findings, the authors pointed out that rTMS to
bilateral DLPFCs improved action naming at all stages of AD. In addition, they
observed significantly improved object naming in patients with moderate to severe AD
(Cotelli et al., 2008). Considering that in these studies the authors had adopted only
single rTMS sessions to investigate the immediate effect of rTMS in naming, in 2011
the same research team conducted a multiple baseline design study adopting a 4-week
TMS treatment for one group and a 2-week placebo rTMS followed by two weeks of
active rTMS on a second group. Patients underwent 20 Hz rTMS on bilateral DLPFCs.
The authors noted significant differences between the real rTMS and the placebo rTMS
groups in sentence comprehension, with respect to the 2 first weeks, while both groups
exhibited a lasting effect on the enhanced performance up to 8 weeks after the end of

the experiment (Cotelli et al., 2011).

In a randomized control trial (RCT) Ahmed et al. (2012), randomized 45 patients with
probable AD into three intervention groups: 20 Hz rTMS, 1 Hz rTMS or sham rTMS.
Patients underwent rTMS, bilaterally to the DLPFC, for five sessions in a week. The
authors discovered trends of improvement in overall cognition [measured by the Mini
Mental State Examination, (MMSE)] in the 20 Hz group of patients, but only for those
in the mild to moderate stages of AD. In particular, the effect of MMSE changes was
medium to large (Cohen’s d = 0.7) within the 20 Hz group, but very small within the
sham group (Cohen’s d = 0.05). (Wu et al., 2015), recruited 54 patients with mild to
moderate AD and allocated them into an active 20 Hz rTMS group or a sham rTMS
group. They delivered 20 rTMS sessions to the left DLPFC and reported that 20 Hz

rTMS resulted in enhancement of overall cognition, as measured by the Alzheimer’s

40



Disease Assessment Scale-cognitive subscale (ADAS-cog), and, in behavioral
symptoms, measured by the Behavioral Pathology in AD (BEHAVE-AD). The
difference in ADAS-cog, between the active and the sham group, was medium to large

(Cohen’s d =0.7).

One RCT assessed the rTMS efficacy in MCI patients. In this study, 10 Hz or sham
rTMS was delivered for 10 sessions to the left DLPFC of 34 patients. The authors
reported only a modest improvement in everyday memory in the active rTMS group
(Drumond Marra et al., 2015). In a recent RCT, Padala et al. (2018) investigated the
rTMS as a potential treatment for apathy in MCI patients. It was indicated that 10
sessions of 10 Hz rTMS to the left DLPFC was efficacious in improving apathy in MCI

patients.

A multisite rTMS approach has recently been introduced as a possible intervention in
AD. Known as NeuroAD, this approach involves the stimulation of DLPFC, the parietal
somatosensory association cortex, Broca, and Wernicke’s areas, combined with
cognitive training (Bentwich et al., 2011). This technique has demonstrated positive
effects in cognition for months after the end of the stimulation (Nguyen et al., 2017).
However, the effect of the stimulation has not been investigated in isolation with
cognitive training, therefore, the contribution of rTMS alone in the observed
improvements is not yet clear (Buschert et al., 2010). Finally, some research has been
undertaken adopting a multisite TMS approach without cognitive training, indicating
improvements in overall cognition, but only in mild AD patients (Zhao et al., 2017) and

only in attention (Anderkova et al., 2015).

1.10.1 Identifying New Brain Regions as Possible Targets to
Treat Cognitive Decline in AD

The DLPFC is the most commonly targeted area in AD research and its therapeutic
value has been well documented. However, TMS over the DLPFC is an FDA approved
treatment for medication-resistant depression. Therefore, bearing in mind that the
prevalence of depression in AD is almost 50% (Rutherford et al., 2013) and that even
mild depression is associated with significant cognitive dysfunction (Starkstein et al.,
2005), it is impossible to control for the possibility that AD patients are benefitting

from rTMS secondary to stimulation effects on comorbid depression. In addition, while
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the DLPFC has been well investigated for the improvement of language and
neuropsychiatric symptoms there is a chance that research regarding other possible
targets could be effective in treating the profoundly affected cognitive functions
manifested in AD, such as memory. Therefore, research should be focused on
identifying new key target areas aiming to maximize the benefits from an rTMS

treatment.

One possible strategy to identify new brain regions as possible targets for rTMS in AD
is to assess brain areas and connections that have been negatively affected by AD
pathophysiology. For instance, it is well documented that the DMN is the most severely
affected brain network, therefore, the amelioration of the impaired functional
connectivity between key nodes of the DMN could be a possible alternative strategy.
In addition, it is evident that the hippocampus is severely affected by the neurofibrillary
tangles early in the disease, resulting in profound episodic memory impairment. As it
cannot be stimulated directly, targeting cortical areas associated with the hippocampus
could improve memory function. As has been discussed already, the main mechanism
that underlies TMS effectiveness is the induced plasticity and strengthening of brain
connections. It is evident that rTMS can alter cortico-hippocampal connectivity in
healthy subjects (Wang et al., 2014), therefore, identifying the areas that present loss of
functional connectivity with the hippocampus in AD could also provide possible
targets. Focusing on addressing fundamental questions like which areas present early
changes from the AD pathophysiology and how these changes lead to cognitive
impairment or which neuronal circuitries need strengthening in AD will give rise to a

new era of brain stimulation research in AD.
1.11 Rationale for the Study, Aim and Objectives

The aim of this thesis was to combine the most recent scientific evidence to create a
novel non-invasive brain stimulation protocol for patients with aMCI and mild-to-
moderate AD. We aimed to investigate the effect of gamma-band rTMS, targeting
bilaterally the PC, as a potential treatment of cognitive dysfunction. The PC represented
a perfect new target brain area as: it exhibits cortical atrophy, has a strong involvement
in episodic memory processes, it is a key node of the DMN, it holds connections with

the hippocampus which demonstrates impaired functional connectivity early in the
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disease and finally, has extensive reciprocal and bilateral cortical and subcortical
connections (Chen et al., 2017; Kim et al., 2013; Schmidt et al., 2002). In fact, recent
evidence suggests that application of rTMS on key DMN nodes, such as the PC,
improves episodic memory performance in healthy controls (Bonni et al., 2015; Rose
et al., 2016). Therefore, stimulation of the PC through TMS may improve the disrupted
connectivity between the PC and the hippocampus, as well as the abnormal functional
connectivity between the PC and other important nodes of the DMN and hence may
have the potential to reverse the AD related cognitive decline. In addition, targeting the
brain’s gamma oscillation activity using gamma-band stimulation, especially at 40 Hz,
has provided encouraging results and is considered a new and promising research area
for the treatment of AD. In this research, the promising potential of the gamma-band
brain stimulation was tested by delivering 40 Hz magnetic stimulation on the PC and
provided the first scientific evidence about the effectiveness of the above methodology

in the treatment of cognitive disfunction in AD.

To our knowledge, up until now only one study has investigated the effect of high
frequency stimulation over the PC in AD (Koch et al., 2018). In this study, TMS at 20
Hz was applied bilaterally to the PC demonstrating a significant effect in episodic
memory recall. In addition, TMS induced neural activity modulation in PC and medial
frontal cortex, suggesting relevant modulation over the medial parieto-frontal circuit.
Finally, TMS at 20 Hz (i.e., a frequency that falls within the range of betta oscillations)
prompted an enhancement of beta activity over the PC. These findings provide the first
piece of evidence that the PC may be a novel stimulation target to enhance the affected
networks and improve AD patients’ memory performance. The effect that a gamma
frequency stimulation will have on the disrupted gamma oscillations documented in

AD, and hence on patients’ cognitive performance, remains to be seen.
The aim of this thesis was to address the following research question:

Is a 40 Hz transcranial magnetic stimulation delivered bilaterally to the PC,
effective in mitigating cognitive dysfunction in patients with aMCI and mild-to-

moderate Alzheimer’s Disease?

To answer the above major research question, the below steps were followed:
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1. A 40 HzrTMS protocol was developed according to the latest recommendations
for the therapeutic application of TMS (Lefaucheur et al., 2020). This step is
discussed in Chapter 2.

2. The safety, tolerability, and the subsequent aftereffects on cortical excitability
of the developed gamma frequency rTMS protocol were investigated. This

study is presented in Chapter 2.

3. Normative studies were conducted to develop alternative and equally difficult
forms of neuropsychological tests. These studies were conducted to develop the

necessary for step 4 material and are presented and discussed in Chapter 3.

4. A randomized, single case experimental design methodology was employed to
investigate the effect of 40 Hz rTMS in aMCI and AD patients. Chapter 4
presents the study’s methodology and reports the treatment effects in aMCI
patients. The effects of 40 Hz rTMS in AD patients are presented in Chapter 5.

1.12 Chapter Summary

AD is a devastating neurodegenerative disorder and the most prevalent form of
dementia. Despite hundreds of clinical trials and investments of billions of dollars in
medication research, AD remains a progressive and lethal disease. Recent breakthrough
evidence has pointed towards the investigation of gamma-based interventions for the
reduction of AD related neuropathology and patients’ symptoms alleviation. At the
same time, non-invasive brain stimulation through TMS has generated promising
results as a potential treatment of cognitive dysfunction in AD. This technique produces
lasting aftereffects modulating cortical excitability and strengthening neuronal
networks. The aim of this thesis was to investigate the effectiveness of a novel gamma
frequency brain stimulation protocol in enhancing cognitive function in patients with
aMCI and mild-to-moderate AD. The following chapters present the steps that were
followed to answer this thesis research question. Chapter 2 describes the development
of a novel gamma rTMS protocol and its aftereffects on cortical excitability of healthy
participants. Chapter 3 presents and discusses the studies that were conducted for the

development of the necessary alternative forms of neuropsychological measures.
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Chapter 4 presents a single case experimental design study, conducted to investigate
the effects of 40 Hz rTMS in aMCI patients. In Chapter 5 the effects of 40 Hz rTMS in
AD patients are presented. Finally, in Chapter 6 a summary of the results and a

discussion for the conducted research of this thesis, is provided.
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Chapter 2 Neurophysiological Effects of 40 Hz
Transcranial Magnetic Stimulation on the Human
Motor Cortex?

Chapter 1 provided an overview of the recent evidence demonstrating that gamma
entrainment might have a disease-modifying effect in AD. Furthermore, the use of rTMS
as a non-invasive technique to modulate cortical excitability in AD patients was
discussed. While the TMS has been widely used in neurological and psychiatric patients,
and healthy participants, there are no gold standards regarding the protocols used.
Additionally, stimulation in high frequencies, such as in the gamma-band, has not been
investigated in terms of safety and the aftereffects on cortical excitability. In this chapter
a study aiming to investigate the effects of a 40 Hz rTMS protocol on the primary human

motor cortex of healthy subjects is presented.
2.1 Introduction

Recently, TMS has emerged as a promising therapeutic intervention in a variety of
neurological and psychiatric conditions, from AD to pain and schizophrenia (for a review
see Lefaucheur et al., 2020). The first evidence indicating that trains of stimuli delivered
through TMS could produce minutes of suppression (e.g., Chen et al., 1997) or excitation
(e.g., Pascual-leone et al., 1994; Peinemann et al., 2004) of human motor networks
provided the impetus for studies aimed at exploring this drug-free technique as a possible

therapeutic approach. Since then, it has been widely accepted that TMS can trigger effects

2 An adapted version of this chapter has been published in the journal Neurophysiologie Clinique-Clinical
Neurophysiology as: Traikapi A., Phylactou P., Konstantinou N. (2022). Repetitive transcranial magnetic
stimulation of the human motor cortex in the gamma band reduces cortical excitability. Neurophysiologie

Clinique, 52(5):407-4009. https://doi.org/10.1016/j.neucli.2022.09.005
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on cortical excitability, via inducing long-term potentiation or depression of synaptic
activity (Esser et al., 2006). TMS has been investigated as a means to treat cognitive
dysfunction (e.g., in AD), psychiatric symptoms and motor deficits (Lefaucheur et al.,
2020).

In the field of psychiatry, the application of TMS is widely recognized and represents an
applied treatment option for major depressive disorder (Garnaat et al., 2018; Voigt et al.,
2019) and obsessive-compulsive disorder (Cocchi et al., 2018; Rehn et al., 2018). In the
motor cortex TMS has been investigated as a potential therapeutic intervention for
selected movement disorders. For instance, rTMS over the primary motor cortex (M1) in
Parkinson’s disease has shown beneficial effects on patients’ motor behavior (Filipovié
et al., 2010; Pascual-Leone et al., 1994; Siebner et al., 1999; Siebner, Mentschel, et al.,
2000; Siebner, Rossmeier, et al., 2000). Similar results have been reported, among others,
in patients with Huntington’s disease (Brusa et al., 2005; Shukla et al., 2013),
amyotrophic lateral sclerosis (di Lazzaro et al., 22006; Dileone et al., 2010; Zanette et al.,
2008) and multiple sclerosis (Agiiera et al., 2020; Centonze et al., 2007; Nielsen et al.,
1996). While the application of TMS as a non-invasive technique in neurorehabilitation
has not been approved yet as a first stage of intervention, extensive research has been
conducted in a wide variety of neurological diseases, providing evidence for its
therapeutic efficacy. For instance, the efficacy of the application of rTMS in rehabilitation
of neuropathic pain and in hand motor recovery after stroke has been ranked as Level 1
of evidence (e.g., definite efficacy) (Lefaucheur et al., 2020). This rank is the same with
the TMS approved intervention for the treatment of depression. Evidence exists for the
therapeutic utility of TMS across conditions, which as a matter of fact is very promising,
there is however, a need for further support and evidence-based clinical data (Somaa et
al., 2022). As the potential clinical significance of TMS is enormous and affects a large
number of patients with devastating conditions (Rossi et al., 2009), new protocols are

being developed (Balderston et al., 2021; Chen et al., 2021; Tang et al., 2019).

An important factor regarding the application of TMS is that depending on the stimulation
parameters, can suppress or enhance cortical excitability (Huang et al., 2005). For
instance, amyotrophic lateral sclerosis and Huntington’s disease are characterized by
cortical hyperexcitability (Vucic et al., 2009; Vucic & Kiernan, 2006; Wainger et al.,
2014), and therefore, suppressive TMS protocols are used to inhibit the extensive

excitability (Brown et al., 2014; Brusa et al., 2005). In contrast, in Parkinson’s disease,
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which is characterized by cortical activation abnormalities, TMS protocols which are
known to trigger excitatory effects are used (Wagle Shukla et al., 2016).Therefore, it is
important to investigate the exact effects of a given protocol prior to its clinical
application. This is possible by applying TMS to healthy adult human participants.
Participants receive short magnetic pulses to their scalp to induce an electric current on
the surface of their brain. This leads to a temporary disruption or facilitation of function
in the underlying brain region. By observing the effects of such disruption in carefully
controlled experiments in healthy adult participants, the effect of specific patterns of
stimulation can be identified and hence new therapeutic protocols can be developed (Tang

etal., 2019).
2.1.1 Gamma Frequency TMS

Recently, entrainment of gamma brain activity has gained scientific interest, and gamma
brain stimulation is being investigated as a potential therapeutic approach in several
diseases (Benninger et al., 2012; Striiber & Herrmann, 2020). For instance, as mentioned
in Chapter 1, a pioneering approach, which targets gamma brain waves in AD, has been
introduced as a potential treatment of the disease (for a review please see Traikapi &
Konstantinou, 2021). Preliminary evidence suggests that induction of gamma oscillations
through 40 Hz sensory stimulation or via 40 Hz non-invasive brain stimulation may have
a potential therapeutic effect in AD pathology alleviation (e.g., He et al., 2021; Liu et al.,
2021). Additionally, aberrant gamma brain activity has been observed in other diseases,
such as in chronic pain. For instance, increased electroencephalographic activation in the
gamma-band has been observed in several studies with chronic pain patients and has been
indicated as a potential biomarker of pain perception (May et al., 2019; Mussigmann et
al., 2021). On the other hand, disrupted low-gamma brain activity (25-40 Hz) has been
observed in mild traumatic brain injury (Wang et al., 2017). The authors indicated that
the alterations in EEG on these patients’ intrinsic gamma synchronization might be a
characteristic of functional pathology and could be useful for developing new treatment
interventions. In conclusion, disruption of gamma brain activity has been observed in
several diseases and the link between this interruption and cognitive impairment is

currently under investigation (e.g., Cho et al., 2020; Mably & Colgin, 2018).

While evidence suggests that the induction of gamma oscillations using TMS has

therapeutic potential, and that impaired gamma band activity can represent a potential
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biomarker for specific diseases, there are currently no studies investigating the

physiological effects of such a high frequency stimulation protocol.

Due to the potential clinical implications of gamma stimulation, the aim of this study was:

o to develop a gamma frequency TMS protocol, according to the latest safety

recommendation for the application of TMS;

o to test the developed protocol in terms of its potential to modulate cortical
excitability that outlasts the stimulation period (for a period of up to 45 minutes

after stimulation);

o to identify the nature of effect on motor neural networks and the duration of these

aftereffects; and

o to assess the feasibility, tolerability, and safety of the gamma TMS protocol.

2.2 Methodology

2.2.1 Participants & Study Design

This was a TMS-EMG study to investigate the effects of a single session of 40 Hz rTMS
in healthy participants. The study was conducted in the Brain and Cognitive Science Lab
(BaCS) at the Rehabilitation Clinic of the Cyprus University of Technology, in Limassol,
Cyprus. The experiment was approved by the Cyprus National Bioethics Committee (AP.
®ax.: EEBK/EIT/2021/22; Appendix 1). A non-random sampling method was used by
the chain-referral or snowball sampling technique. Accordingly, the existing participants
provided referrals to recruit friends or family members that were meeting the inclusion
criteria and might be interested in participating. Additionally, an advertisement outlining
the aim of the study with a request for assistance with participant recruitment was shared
on the investigators’ social media. To participate in this study participants had to meet
the following criteria: age between 18 and 35, have no history of epilepsy, have no
diagnosis of mental illness or any neurological disease, have no metal or implanted
medical devises, have no history of migraines, have not consumed alcohol 24 hours prior

to the experiment. Contraindicators for participating in the study were: history of
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epilepsy, family history of epilepsy or an epileptic event in the past, diagnosis of a mental
illness, alcohol consumption 24 hours prior to the study, history of brain injury, surgery
to the heart or stroke, chronic severe headaches, pregnancy, implanted stimulators (e.g.,
pacemaker), electrodes for monitoring brain activity, any magnetic implants and

generally any other metal device or object implanted in participants’ body.

Prior to the experiment a questionnaire evaluating participants’ ability to participate was
used (Appendix 2). Participants were informed about the possible TMS adverse side
effects and that they could withdraw at any time without any consequence. All
participants provided a written consent form (the consent form can be found here: Motor

Study-Consent Form).

2.2.2 rTMS Protocol Development

There are several important divergent parameters that must be considered when
developing a new TMS protocol that can affect its safety as well as its effect on cortical
excitability. These are: (1) frequency of stimulation (Hz); (2) intensity
(%threshold/output); (3) duration: each train and total; (4) intertrain interval: period of no
stimulation among trains; and (5) number of pulses: each train and total (Rossi et al.,
2009). Currently, safety precautions and practice recommendations for the therapeutic
application of TMS, are guided by the latest consensus paper published by a group of
European experts (Lefaucheur et al., 2020). In this paper, the guidelines and
recommendations are based on published evidence regarding TMS efficacy and TMS
parameters safety. These recommendations were followed to minimize as much as
possible the likelihood of side effects. Hence the parameters of the developed TMS

protocol were established as follows:
o frequency of stimulation: 40 Hz;
o intensity: 80% of participants resting motor threshold (RMT);
o duration: 1 second per train, 12.5 minutes in total;
o intertrain interval: 29 seconds; and

o number of pulses: 40 per train (i.e., 40 Hz), 1000 in total.

50



The developed gamma-band rTMS protocol is illustrated in Figure 2.1.

Figure 2.1 40 Hz Transcranial Magnetic Stimulation Protocol

40 Hz (40 pulses) 40 Hz (40 pulses)
29 sec 29 sec
M“WMNMM intertrain interval intertrain interval
’--------\ - F--------/H
|
1 train of 1 sec 1 train of 1 sec

N
v

12.5 minutes

Note: Graphical illustration of the TMS protocol. The stimulation protocol consisted of 25 trains,
each train consisting of 40 pulses in 1 second (i.e., 40 Hz) followed by 29 seconds of no
stimulation. In total, 1000 pulses were included (40 pulses per train for 25 trains) for a total
duration of 12.5 minutes. The protocol was set to be delivered on 80% of each participant’s RMT.
From ‘Repetitive transcranial magnetic stimulation of the human motor cortex in the gamma band
reduces cortical excitability,” by Traikapi A., Phylactou P., Konstantinou N. (2022),
Neurophysiologie ~ Clinigue -  Clinical ~ Neurophysiology, 52(5),  Figure 1
(https://doi.org/10.1016/j.neucli.2022.09.005).

2.2.3 Methods

As mentioned above, the stimulation protocol consisted of 25 trains, each train consisting
of 40 pulses in 1 second (i.e., 40 Hz) followed by 29 seconds of no stimulation.
Stimulation was delivered using the Magstim Super Rapid2 Plus1 System with a vacuum-
cooled D70 figure-of-eight alpha coil. In total, 1000 pulses were delivered to each
participant in 12.5 minutes. A neuronavigation system (Visor2, ANT Neuro, Enschede,
Netherlands) was used to localize the primary motor cortex hotspot, guide the sessions,
and ensure stable coil positioning. The coil was held at an angle of approximately 45° to
the midline with the hand pointing laterally and posteriorly such that the current flowed
from posterior to anterior. The stimulation was applied contralateral to each participant’s
dominant hand (i.e., left hemisphere on right-handed participants). After localizing the
hot spot, the coordinates of each participant were saved in the neuronavigation system

and were used to guide the rTMS session and all the RMT assessments. Thereby, the
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same stimulation parameters were ensured throughout the experiment for all participants

(i.e., coil orientation, distance, and tilt).

Each participant received 40 Hz TMS at 80% of individual RMT over the primary motor
cortex (M1). The influence on cortical excitability was assessed by comparing RMT
before stimulation with RMT immediately after (0" time point) and up to 45 minutes after
stimulation at 15-minute intervals (i.e., at 0, 15, 30 and 45 minutes post-stimulation).
RMT was defined as the minimum TMS intensity needed to elicit MEPs of > 50uV in
five out of 10 trials in the relaxed first dorsal interosseous muscle (FDI) and was
established using single-pulse TMS. MEPs were obtained by surface electromyography
(EMG) leads placed over the left or the right FDI muscle and MEPs were recorded from
each participant’s dominant hand (i.e., contralateral to the stimulation site). RMT was
measured before delivering the gamma stimulation protocol and an additional four times
post-stimulation (immediately after stimulation, and every 15 minutes up to 45 minutes
post-stimulation). The TMS intensity in the first post-stimulation measurement of RMT
was set at the pre-stimulation RMT intensity and during the RMT measurement phase
was being reduced or increased in steps of 1% or 2% until 5 MEPs of > 50uV out of 10
trials were recorded. Each of the following post-stimulation measurements (i.e., 157, 30”
and 457) followed the same procedure and TMS intensity started at the previously
identified RMT. Figure 2.2 illustrates the experimental procedures that were followed in

this study.
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Figure 2.2 Experimental procedures and set up
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Note: A) The FDI hand muscle was chosen as an output target; B) The 10-20 electrode system of
the International Federation system (Jasper, 1958) was used to find each participant’s hot spot
in their primary motor cortex (i.e., the FDI). Accordingly, initially the vertex was located (i.e.,
Cz) and then single TMS pulses were delivered approximately 5 cm lateral, until MEPs were
evident. The intensity was set at 30% of machine output and increased in steps of 5%. Several
spots were tested until the hot spot was identified. Then, the TMS intensity was lowered
progressively, until the minimum intensity needed to elicit MEPs of > 50mV in five out of 10
trials was found; C) RMT was assessed as a baseline measure before the gamma rTMS
stimulation. Then, the 40 Hz rTMS was delivered over the same area. After the stimulation, single
pulses of TMS were applied on the same area. When a single pulse is applied, the magnetic field
penetrates the scalp inducing a perpendicular secondary electric field within the cortex. This
electric current depolarizes the cortical neurons, in our case in the FDI cortical area, evoking a
descending volley along the corticospinal tract and subsequently a motor response. This response
was measured with EMG electrodes that were placed on the FDI muscles. RMT was assessed
four times post-stimulation (i.e., immediately after, after 15, 30 and 45 minutes) and differences
between the different time measures in relation to the pre-stimulation were evaluated. Picture

retrieved from “Transcranial magnetic stimulation to assess exercise-induced neuroplasticity,” by
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Turco & Nelson, 2021, Frontiers in Neuroergonomics, Introduction section, Figure 1

(https://doi.org/10.3389/fnrgo.2021.679033).

2.2.4 Statistical Analysis

To test the effect of the 40 Hz TMS protocol on participants’ cortical excitability the RMT
measurements before the rTMS stimulation were compared with the four post-stimulation
measurements of RMT: (1) immediately after the stimulation (time point 0)"; (2) 15
minutes after the stimulation (time point 15); (3) 30 minutes after the stimulation (time
point 30); and (4) 45 minutes after the stimulation (time point 45). The Bayesian repeated
measures analysis of variance (ANOVA) was used. The statistical analyses were

conducted with the Jamovi statistical software.

2.3 Results

Fifteen participants participated in the study. The mean age of the total sample was 24.9
years (SD=4, range=20 to 36), of which 73.3% were females. The results provided strong
evidence in favor of a TMS timing effect (BF10=22.24), indicating that RMTs differed
across the stimulation periods (Figure 2.3). Specifically, compared to the pre-stimulation
measures (Mean=59.43 SD = 7.99), RMTs were increased in the 0" time point
(Mean=63.54 SD=10.39, BF10=9.48), the 15" time point (Mean=63.3 SD=9.47,
BF10=18.9), the 30" time point (Mean=62.76, SD=9.3, BF10=1.56), and the 45" time
point (Mean=65.89, SD=9.63, BF10=34.87). The inhibitory effect was observed
immediately after the stimulation (i.e., time point 0") and reached the highest point at 45

minutes after the stimulation.

The TMS protocol was well tolerated, and participants did not complain about any side

effects.
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Figure 2.3 Changes on resting motor threshold following 40 Hz rTMS
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Note: Mean participant resting motor threshold before receiving the TMS protocol, and
at 0, 15, 30, and 45 minutes after receiving the TMS protocol. The increase of the RMT
indicates suppression of corticospinal excitability. Error bars depict = 1 standard error.

TMS; Transcranial magnetic stimulation, RMT; Resting motor threshold.
2.4 Summary of the Results and Conclusion

The aim of this study was to develop a low gamma frequency rTMS protocol and
investigate its feasibility, safety, and the aftereffects on healthy participants’ cortical
excitability. The stimulation was well tolerated by all participants and no side-effects
were reported while it generated long-lasting effects that outlasted the stimulation.
Specifically, the developed 40 Hz rTMS protocol was found to significantly influence
cortical excitability by inducing suppression over the stimulated cortical networks.
Participants’ MEPs were found to be suppressed for at least 45 post-stimulation,
increasing RMT measures. A strong immediate effect after the stimulation was indicated

which reached the highest level of suppression 45" post-stimulation.
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High-frequency TMS at 40 Hz over the human motor cortex can have inhibitory
physiological aftereffects that outlast the stimulation period by at least 45 minutes.
Considering that the suppressive effect was at its strongest at 45 minutes after stimulation,
a longer lasting effect can be assumed. Overall, these findings revealed that the specific
high-frequency gamma TMS protocol is well tolerated and, importantly, it can induce
long-lasting effects on neural plasticity. Future work needs to investigate the connection
of the effects we report here to known neuronal mechanisms, such as long-term

depression.
2.5 Chapter Summary

This chapter has presented the neurophysiological effects of a newly developed gamma-
band rTMS protocol. Aftereffects were produced on participants’ motor cortex and
changes that outlasted the application of the stimulation in motor neuronal networks were
investigated. The study indicated that stimulation in such a high frequency is feasible, the
protocol is well-tolerated, safe, and can affect cortical excitability for up to 45 minutes.
The effects of gamma-band stimulation, through TMS, in diseases characterized by

gamma-rhythm dysfunctions, such as AD, remains to be seen.
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Chapter 3 Development of Neuropsychological
Measures for the Greek-Cypriot Population

In clinical trials and studies in which the effectiveness of new treatments is investigated,
serial cognitive evaluations are required to assess the impact of an intervention on
patients’ behavior. Repeated neuropsychological evaluations lead to increased familiarity
and subsequently changes in test performance due to prior exposure. As a consequence,
it is not clear whether the noticed changes in test scores are attributable to the study’s
intervention or to practice effects (Wesnes & Pincock, 2002). As it is described in detail
in Chapter 4, in the primary study of this thesis, several cognitive evaluations separated
by only a few days were conducted for the assessment of primary and secondary
outcomes. Thus, to avoid misleading results that might stem from increased familiarity
and not from the intervention itself, and thus to minimize the possibility of committing
Type I error, several cognitive measures were created before the beginning of the single-
case design study. This chapter presents the development of the first Cypriot dialect-based
corpora and the Cypriot word pool (CWP), a list of approximately 2,850 words used in
the Cypriot dialect and their respective normative data. In addition, it presents the two
alternative forms of the Cypriot version of the Alzheimer’s Disease Assessment Scale-
cognitive subscale-12 (ADAS-cog) and the developed alternative and equally difficult
neuropsychological assessment tests that were used for the primary and secondary

outcome measures in this thesis.
3.1 Practice Effects in Serial Cognitive Assessments

Longitudinal and repeated cognitive assessments are often necessary; these are pivotal in
the interpretation of the efficacy of a given intervention in studies and clinical trials. For
instance, in single-case design studies, which have recently been classified as Level 1
evidence for treatment decision purposes, the methodology should include at least 20
assessments (in an ABAB design; five per phase with at least four phases) of each
outcome variable to meet evidence standards (Tate et al., 2014). Clinical trials in MCI
and AD typically use designs that include cognitive evaluations on several occasions
within relatively short periods (Rutherford et al., 2015). The endpoint or final assessment

is considered a study’s final outcome; however, the results gained after previous testing
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can be strongly influenced by practice effects. A study’s validity can hence be severity
compromised, which may lead to erroneous conclusions (Benedict & Zgaljardic, 1998;
Calamia et al., 2012; Eagger et al., 1992; Elman et al., 2018; Goldberg et al., 2015;
Wesnes & Pincock, 2002).

Practice effects are characteristic phenomena in serial cognitive assessments defined as
changes in one’s performance attributed to prior exposure to a test, as opposed to truthful
cognitive improvement (Calamia et al., 2012; Heilbronner et al., 2010). It has been
hypothesized that practice effects in AD patients stem from procedural learning, a
relatively uncompromised aspect of cognition early in the disease (Budson & Price,
2005). Therefore, cognitive improvements in AD patients, when practice effects have not
been considered, can be seen after serial testing. These are due to procedural memory
enhancement, which will not produce significant benefit to patients’ every day cognitive
function (Wesnes & Pincock, 2002). Practice effects in AD have not been widely
discussed, probably because AD is predominantly characterized by an amnestic
syndrome, and, hence, patients present difficulties in learning and consolidating
information. However, other cognitive domains may not have suffered the same extent of
degeneration as the memory’s neuronal system, so the likelihood of practice effects (e.g.,
some learning may engage the relatively unaffected striatal procedural learning systems;
Goldberg et al., 2015) exists. In fact, practice effects have been observed and discussed
in several studies and clinical trials (Birks & Harvey, 2018; Eagger et al., 1992; Rogers
et al., 1998). Regarding MCI, failure to account for practice effects in repeated testing,
leads to delay of diagnosis and detection of conversion to AD. Subsequently, there are
serious implications not only for clinical practice but also for clinical trials. Therefore,
accounting for practice effects is critical for the early detection of MCI and investigation
of interventions’ efficacy (Elman et al., 2018; Goldberg et al., 2015; Mathews et al.,
2014).

One method proposed, which seems to be a straightforward approach, to minimize
practice effects is the use of alternative tests forms (Beglinger et al., 2005). Alternative
forms use different stimuli than the original ones and hence eliminate gains from the
memorization of test items (e.g., words). Even though practice effects cannot be
completely eliminated, alternative forms have been associated with decreased levels in
several studies and are considered a reliable strategy when multiple cognitive evaluations

are necessary (Benedict & Zgaljardic, 1998; Watson et al., 1994; Zgaljardic & Benedict,
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2001). The major limitation when using alternative forms is that they may differ
significantly in their psychometric properties (e.g., item difficulty). For example, easier
forms could result in increased scores, while difficult ones will lead to significantly lower
scores. When a difficult form precedes an easy one at retest, a patient may mistakenly
appear to present cognitive improvement, and vice versa. Nevertheless, a considerable
need exists to minimize the practice effects in clinical trials and studies that require serial
neuropsychological evaluations. As such, the development of equivalent alternative
forms is paramount to maximize a study’s validity and thus to deduce reliable conclusions

(Calamia et al., 2012).

3.2 Development of the First Cypriot-Based Corpora and
the Cypriot Word Pool

In laboratories, where experiments require the use of multiple random lists (alternative
forms) for the serial evaluation of verbal learning, memory, and several other cognitive
domains, it is common practice to use word pools that include standardized common
words derived from culturally appropriate sources such as books, newspapers, and
subtitles (van Heuven et al., 2014). The most well-known pools are that created by Paivio
et al. (1968), which contains 925 nouns; the Toronto word pool, developed by Friendly
et al. (1982); and Battig and Montague’s (1969) categorized word pool, comprising 5,231
words divided into 56 categories. These classical pools are widely used in psychological
studies of learning and memory and have been continuously revised and expanded over
the years and across languages (Clark & Paivio, 2004; Coltheart, 1981; Gilhooly & Logie,
1980; Newcombe et al., 2012; Stadthagen-Gonzalez & Davis, 2006). More recently,
Brysbaert et al. (2014) created a novel database with 37,000 English words and
approximately 3,000 two-word expressions to be used as reference in experimental

research.

Psycholinguistic word databases that include words used in a specific language have been
created and made available in a variety of languages (e.g., Hellenic National Corpus,
2009; The British National Corpus; Balota et al., 2007). These corpora are constructed
primarily from the analysis of the written language from books, newspapers, subtitles,
and even the internet (e.g., Brysbaert & New, 2009; Lund & Burgess, 1996; Thorndike,

1921). For the development of standardized word pools, scientists tend to select words
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from these corpora according to criteria that best fit their research and/or clinical needs.
For instance, Stadthagen-Gonzalez and Davis (2006) selected to normilize a set of 1,526
words that were fairly representative of the types of words typically used in their
psycholinguistic experiments. Nelson et al. (2004) reported that they chose to normalize
words they thought would be appropriate for their experiments on priming and also added
verbs for a student’s study needs. The well-established Toronto word pool (Friendly et
al., 1982) was developed by selecting 1,080 words from Thorndike’s (1921) database,
originating from the analysis of 41 different resources, including English literature,

cookbooks, and farming books.

Despite the widespread use of word pools in research in general and in psychological
research in particular, their availability for Cypriots is scarce. Terzopoulos et al. (2017)
developed a word frequency database for Greek and Cypriot primary school children from
the analysis of 116 textbooks used in primary education. However, even though the
educational systems in Greece and Cyprus share the same books and Greek-Cypriots are
taught the standard Greek language, the Cypriot dialect presents clear functional
differentiation and linguistic varieties (Arvaniti, 2006). Over the years, the use of the
Greek language in Cyprus has increasingly diverged from the language as spoken in
Greece, to the point that today, the two are recognizably different (for a review see
Arvaniti, 2006). Therefore, it is understood that word corpora or cognitive measures
developed for Greek populations might not be appropriate or sensitive to be used to target
the Cypriot-Greek population. The lack of word lists created for the Cypriot dialect is
thus a major obstacle for conducting neuroscientific research in which serial cognitive
evaluations through alternative test forms are required. As such, the aim of the research
presented below is to overcome this gap by developing the first Cypriot-based corpora
and the Cypriot word pool, a powerful tool for conducting cognitive research with Greek-

Cypriot participants.
3.3 Development of the First Cypriot-Based Corpora

It has been emphasized in the literature that when constructing a corpus, several aspects
affect its quality. For instance, Brysbaert et al. (2011) stressed that the extent to which
materials included in a corpus represent the language that participants typically have been

exposed to is of paramount importance for creating a qualitative and language-
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representative corpus. On that basis, Brysbaert and New (2009) recommended three
sources that should be used to extract reliable language materials to be included in a
corpus. The first and, according to the authors, most important and reliable source is
subtitles of television series and films. The second source refers to books used in primary
and secondary school; finally, materials from widely read newspapers and/or magazines
and discussion groups on the internet. The authors explained that these three sources
capture the “body” of a language, with the subtitles representing the best source and the

newspapers and magazines the least relevant.

According to the aforementioned recommendations, several limitations in the creation of
a corpus based on the Cypriot dialect exist. For example, as mentioned above, the books
used in the educational system in Cyprus are the same used in Greece and are based on
the Greek language as it is spoken in Greece. Moreover, the subtitles of movies and series
are again created based upon the Greek language. Therefore, none of these sources can
reliably capture the exact form of the Greek language as it is used by Greek-Cypriots. For
the creation of a qualitatively Cypriot dialect corpus, only materials from newspapers,
magazines and discussion groups on the internet should consequently be used. Bearing in
mind the aforementioned limitations, and the fact that Greek-Cypriots likely use the
dialect mostly in verbal communication, it was thought essential to create three different

corpora generated from the following:

o newspapers and magazines, as they are considered reliable sources and can
capture the formal expressions of the language that Greek-Cypriots are exposed

to;

o discussion groups on the internet, as they can capture the informal expressions of

the Cypriot dialect; and

o material obtained through a survey, in which participants were asked to recall as
many words as possible from specific categories, a method that allowed us to
capture the verbal usage of the Cypriot dialect. This corpus was created to capture
the words used to describe specific topics/things, with the intention to be later
added to the corpus, created by informal electronic materials and thus to develop

a large corpus representative of the informal use of the dialect.
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3.3.1 Electronic-Based Material

Method. Two corpora were created: one from the most read Cypriot newspapers and one
from websites and discussion groups. The reason for creating two different corpora was
twofold. On the one hand, Cypriot journalists write mostly in standard Greek, and even
though the audience is Greek-Cypriots, such language might not be representative of the
Cypriot dialect. On the other hand, was the intention to create a corpus that would be as
representative of the Cypriot dialect as possible. This method allowed us to capture the
language as it appears in informal settings and is thus expressed more casually than in the
news or the formal form of the language to which Greek-Cypriots are exposed through
newspapers. For the creation and the analysis of the corpora, Sketch Engine, a widely
used corpus tool software, was used (Kilgarriff et al., 2014). Sketch Engine builds corpora
either by uploading materials or via web searches. To build the news-based corpus, 12
websites of the electronic version of Cypriot newspapers were selected and analyzed (see
Figure 3.1). For the second corpus, personal blogs, discussion groups, and sites related to
cooking, animals, musical instruments, hobbies, and green life in Cyprus were selected
and analyzed. These topics were selected to be in accordance with the categories given in
the survey for the development of the third corpus. Figure 3.1. illustrates the steps

followed for the corpora development.

Results. The news-related corpus included 10,648,408 tokens, and the analysis revealed
a unique list of 56,353 items. This corpus was named the NEWSLEX-CY corpus. The
second corpus included 1,064,531 tokens, which led to the creation of 48,613 unique
items. It should be noted that when language materials are analyzed, every word
appearing in the analyzed context is included in the list. For instance, if a word is written
in different ways (e.g., play/plays/played), each word will appear as a distinct item. In
addition, punctuation, articles, conjunctions, and prepositions are all included as
separated lemmas. Therefore, the actual size of a list, when all the aforementioned
lemmas have been deleted, is remarkable smaller. Accordingly, English words, dates,
punctuations, conjunctions, and numbers were removed from both lists. This step left the

NEWSLEX-CY with 50,064 words and the second corpus with 37,660 words.
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Figure 3.1 Steps followed for development of electronic corpora

NEWSLEX-CY corpus Discussion- & web-based corpus
__ Analysis of 12 electronic Cypriot & Analysis of personal blogs, discussion
newspapers: groups, and sites related to cooking,
animals, food, drinks, musicalal
1. Limassol News, 2. Philelefiheros, 3. instruments, hobbies, and green life in
Politis, 4. Kathimerini, 5. Foni tis Cyprus.

Paphou, 6. Philenews, 7. 24h, 8.
Gnomi, 9. Simerini, 10. Larnaka
online, 11. Larnaka press, 12. Reporter

Original unique word list Original unique word list
56,353 48,613
Removal of English words, Removal of English words,
dates, punctuations, dates, punctuations,
conjunctions, numbers conjunctions, numbers

Final cleaned-up unique list Final cleaned-up unique list

50,064 37,660

Note: A. Steps followed for the development of the news-based corpus; B. Steps followed for the
development of the corpus based on informal websites and discussion groups. The original unique

lists, together with the final lists, can be found here: Unique Wordlists.

3.3.2 Survey-Based Material

Method

Experimental Design. This study comprised an online and face-to-face survey.
Participants 60 and above underwent personal interviews, while participants under 60

participated by completing an online questionnaire. A consent form was obtained from
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all the participants (see Table 3.1 for participants’ characteristics stratified by age group

and educational level).

Participants. A total of 141 individuals voluntarily participated in the study. This sample
excludes non-Cypriot participants (n=4); those who did not write or verbally recall the
minimum number of required words, indicating non-engagement in the study (n=31);
those who presented cognitive impairment as evaluated by cognitive testing during the
face-to-face interview (n=4; see materials); and those who stated that were experiencing
thinking and concentration difficulties during the online completion (n=2). Thus, from
the initial sample of 182 participants, 41 were excluded from the study. The remaining
141 participants were all Cypriots, coming from all Cyprus districts, with the majority
from Limassol (52%) and Nicosia (32%). Data were collected from January to April of
2020.

Materials. A questionnaire with seven categories from which participants were asked to
recall as many words as they could was developed by the research team. Categories were
selected based on the following criteria: (1) they lead primarily to the production of
nouns; (2) they include words typically used in lists for the assessment of learning and
memory (e.g., the words “nose” and “desk” are found in the Rey Auditory Verbal
Learning Test; therefore, the categories “parts of the human body” and “things one finds
in an office” were included); (3) they make it easy for participants to produce various
words; (4) they are relatively easy to recall from; and (5) the lead to the recall of words

that participants are exposed to in their everyday lives.

Each category included sub-categories to further enhance the recall (e.g., category:
animals; subcategory: birds). The questionnaire comprised 11 pages, including

information about the study and instructions for completion.
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Table 3.1 Participants' demographic characteristics

Age group

<60 60=
N 117 24
Mean Age (SD) 36 (11) 70.5 (8)
Gender
(Y%Female) 73 36
Education(%)
Primary school 1 25
High school 9 30
Bachelor 35 30
Master/PhD 55 15

The selected categories included the following:

Animals (carnivores; animals one sees in a jungle, zoo, farm, or sea; fish; seafood;

(@]

pets; birds; insects);

o Things one eats (foods; legumes; traditional Cypriot foods; sweets; traditional

Cypriot sweets; spices; cheeses; vegetables; fruits);
o Things one buys at the supermarket (free recall; things for the bathroom);
o Clothes (women’s; men’s; summer; winter);
o Objects (objects one finds in a kitchen or office; furniture; tools);

o Beverages (free recall; spirits; traditional, beverages one drinks in the

winter/summer); and

o General (musical instruments; vehicles; buildings; flowers; trees; parts of the

human body; words related to school).

The online questionnaire can be found here: Cypriot Word Pool Questionnaire.

A demographic questionnaire was used in both the online and face-to-face conditions to
obtain participants’ demographic characteristics. The Addenbrooke’s Cognitive

Examination-Revised (ACE-R; Konstantinopoulou et al., 2011), which include the Mini
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Mental State Examination (MMSE), was used to evaluate participants’ cognitive states

during the face-to-face interviews (i.e., participants over 60 years).

Procedure. Online survey. The questionnaire link was shared on investigators’ social
media accounts inviting people to participate in the study. An invitation email with the
questionnaire link attached was sent to friends and colleagues, motivating them to
participate and to forward the link to others. In addition, the questionnaire was promoted
in several newspapers and on various Cypriot social media pages (e.g., Paphos News; All
About Limassol; SciNews; Kypriaki Topolialia; Dialektos tis Kyprou). Participants could
complete the questionnaire at their own convenience. Two questions asking participants
to state whether they experience any thinking and/or concentration difficulties or if they
live with a chronic neurological disease were included in the demographic questionnaire
to ensure that only cognitively typical participants comprised the sample. Participants
were asked to write as many words as they could in each category but to write each word
only once, even it might fit in more than one subcategory. They were also instructed to
write the words as they use them verbally in their everyday lives. Each category and/or
subcategory had instructions, and participants were asked to write a minimum number of

words. Completion time was approximately 1 hour.

Face-to-face survey. Considering the difficulty that older adults might face with the
online questionnaire, face-to-face interviews were conducted to obtain reliable data from
individuals over 60 years. Participants were recruited from local institutes (e.g., Patticheio
Center) and via word of mouth. Interviews were conducted in participants’ chosen
locations and lasted for approximately 1 hour. Participants were instructed to recall as
many words as they could from each category/subcategory. It was specifically
emphasized to recall the words as they use them in everyday life. The interviewer moved
on to next category or subcategory when participants could not recall more words without
effort. The ACE-R was used to ensure participants’ normal cognition. Participants with
MMSE scores under 26 and/or total ACE-R scores under 92 were excluded from the
analysis and referred to a neurologist or neuropsychologist for further cognitive

evaluation.

Results. The data from both studies’ conditions were integrated to develop a unique word
list. Specific rules were predefined to avoid the same word being written differently and

thus being present in the unique word list more than once. Each word was rewritten
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following the predefined rules. For instance, all words were written in lowercase, in
singular, and keeping the same spelling, despite how participants may have written them.
In total, 43,694 words were produced. A unique list was created indicating 2,958 words.
A correction of spelling and intonation mistakes within the unique word list left it with
2,856 words. Keeping in mind that the word pool would be used in the context of this
thesis research, words that were not likely to be used in the experiments, such as two-
word phrases (e.g., pépt umot or waota plwpa), were deleted from the list (n=324). From
the remaining 2,532 words, a list with 232 words that had only been recalled from the
vast minority of the participants (from 1 to 5 participants) were given to five native
Cypriots (Mage=36.3, SD=10.2) to indicate whether they knew each word. This allowed
us to retain only well-known words and exclude extremely rare ones (e.g., totarraly,
another word that is used in Cyprus for zavrelovi/trousers). The words that were indicated
as unknown by all five (n=100) were deleted from the list. Finally, the list included 2,450
unique words. The unique list from the survey alone was created to be used in future

research (Figure 3.2).
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Figure 3.2 Flow diagram for development of survey-based corpus

Survey Initial sample: n=182

n=141 — *Non-Cypriots: n=4
*Non-engagement in the study: n=31
Produced words
*Cognitive impairment: n=4

n=43,694

Original unique word list
& q Removal of words that were not

likely to be used in the experiments
n=2,958 and unknown words

 ——

Final unique word list

n=2,450

Note: The original unique word list and the final unique lists can be found here: Unique Wordlists.

3.3.3 Incorporation of Electronic and Survey Materials

According to Brysbaert and New (2009), to extract reliable language materials for
inclusion in a corpus, several sources can be used, including subtitles. Materials
originated from the oral expression of the language, as well as from web sources—the
written expression of the language. In addition, the extraction of reliable statistics for
words’ characteristics depends heavily on corpus size (Brysbaert et al., 2011). As the
topics that selected to be included in the development of the second electronic corpus
were in accordance with the categories given in the survey, and thus the obtained data
were similar from both sources, these two corpora were incorporated. This method
allowed the creation of an even larger corpus, which was crucial for the development of

reliable statistics. This corpus is considered the most representative of the Cypriot dialect.

The 43,694 words obtained through the survey were incorporated with the second
electronically developed corpus, which led to a larger list of 1,108,225 words. The
analysis of the incorporated corpus led to a list of 39,563 unique words. Whether the
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incorporation of these two corpora led to the extraction of reliable statistics was

investigated and is discussed below.
3.3.4 Conclusion

The aim of this research was to develop qualitative Cypriot dialect-based corpora. We
built one news-based corpus, NEWSLEX-CY, with approximately 10,650,000 tokens,
which led to a list of 50,064 unique words. Furthermore, from materials that were
obtained via both survey and internet materials, a second corpus, DIALEX-CY,
comprised of 1,108,225 total words and 39,563 unique words was developed. These two
corpora are thought to represent both the formal and informal expression of the Cypriot

dialect and thus can be used for a word pool development.
3.4 Development of the Cypriot Word Pool

The selection of words to be included in the CWP occurred according to criteria that best
suited the research needs of the Brain and Cognitive Science (BaCS) laboratory of the
Cyprus University of Technology. As such, one-word nouns and a small number of verbs,
adverbs, and adjectives have been included. For reasons explained above, the DIALEX-
CY is considered the most representative of the Cypriot dialect, and thus the CWP was
comprised mostly of this corpus. However, the NEWSLEX-CY includes more than
10,500,000 words, which is important for extracting highly accurate statistics for each
word (Brysbaert et al., 2011). Including words from both corpora was deemed necessary

to create a reliable list capturing both formal and non-formal words used by Cypriots.

NEWSLEX-CY was examined, and 750 words considered suitable for research use were
retained. Similarly, 2,500 words were selected from DIALEX-CY. Altogether, 3,250

words considered proper for research and clinical use were included in the CWP.
3.5 Normative Data for the Cypriot Word Pool
The development of the CWP was the first step toward establishing a valuable tool for

research use in Cyprus. However, words are extremely complex stimuli, and a strict

control of their properties is required for reliable use in cognitive research (Soares et al.,
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2017). Much literature has indicated a variety of variables that affect the accuracy and
speed with which each word can be recognized and recalled (Balota et al., 2004; Hulme
et al., 2003; Roodenrys et al., 1994; Whaley, 1978). These variables do not only include
word characteristics that depend on the objective analysis of their properties at the lexical
levels (objective properties), such as word length, including number of syllables and
letters (e.g., Ferrand et al., 2011; New et al., 2006); word frequency (e.g., Balota et al.,
2004; Brysbaert et al., 2011), and their orthographic similarity with other words (e.g.,
Yarkoni et al., 2008), but also include word properties that depend on the personal
experiences individuals have had with the use of these words in their native language
(i.e., subjective properties; Soares et al., 2017). For instance, it is well established that
high-frequency words (i.e., words that occur often in language) lead to better performance
in free recall tests than the low-frequency ones (Balota & Chumbley, 1984; Johnston &
Barry, 2006), while in contrast, low-frequency words are better recognized in recognition
tasks (Glanzer & Adams, 1985, 1990; Shepard, 1967). Therefore, when using multiple
lists in memory assessments, if the word frequency parameter has not been controlled,

conclusions cannot be safe (Soares et al., 2017).

Considering the complexity of words together with their paramount usefulness in
cognitive experiments, where the need for serial word lists with similar psychometric
properties is required, collection of ratings (i.e., norms) for words’ objective and
subjective variables is a necessary process. The limited availability of norms for each
word, poses particular problems for researchers and leads to questionable conclusions
(Stadthagen-Gonzalez & Davis, 2006). Therefore, when designing experimental stimuli,
researchers who wish to match one stimulus with another similar one must typically
undergo their own normative study, lest they forgo the possibility of matching the words
based on their properties, and as Stadthagen-Gonzalez and Davis (2006) state, “Hope for
the best.”

To overcome this situation, normative data were collected for the words included in the
CWP. Obtaining data for the objective properties of words (e.g., number of syllables or
letters) is, in general, not problematic and can be easily done using various software tools
(Davis, 2005). In contrast, the collection of measurements for subjective variables, which
is done by asking people to subjectively rate words in relation to their specific
characteristics, is a relatively time-consuming process, and thus published normative

studies have concentrated on only one or two variables. In this study, normative data were
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collected for the three most important subjective word characteristics, namely (1)
imageability or imagery, (2) concreteness, and (3) word frequency (Brysbaert et al., 2011;
Fliessbach et al., 2006; Ljubesi¢ et al., 2018; Richardson, 1975).

3.5.1 Cypriot Norms for Imageability and Concreteness

In this work we aimed to provide subjective norms of imageability (i.e., the ease and
speed with which a word evokes a mental image) (e.g., Paivio et al., 1968) and
concreteness (i.e., the degree to which words refer to objects, persons, places, or things
that can be experienced by the senses (e.g., Paivio et al., 1968). These two variables have
also been indicated to affect the accuracy and speed of word recognition and recall
(Stadthagen-Gonzalez & Davis, 2006). It is known that imageability and concreteness are
not totally independent from each other (e.g., Altarriba et al., 1999; Connell & Lynott,
2012), however, an increasing body of evidence suggests that they theoretically and
empirically constitute distinct constructs and therefore, capture distinct word properties
(Dellantonio et al., 2014; Kousta et al., 2011). For that reason, normative data were
collected separately for each variable (Soares et al., 2017; Friendly et al., 1982; Yao et
al., 2017; Yee, 2017).

Method

The study was approved by the Cyprus National Bioethics Committee (AP. ®ox.:
EEBK/EI1/2021/22; Appendix 1).

Materials. The 3,250 words from the CWP were randomly assigned to 13 lists (each
comprising 250 words). Five words were randomly chosen from each list and were
repeated within the list to obtain a measure of internal reliability. In addition, to
investigate whether the mean ratings were similar across participants, 12 words were
repeated in different booklets. These approximately 255 words were used to create 13
unique booklets of 15 pages each. Each word was written in capitals and positioned to
the left of the page. A box was placed on the right of each word to be checked if the word
was unknown. Two sets of these booklets were produced—one for the assessment of
imagery (i.e., imageability) and one for concreteness. Each word was followed by a 7-
point scale running from low imagery (1) to high imagery (7) for the imagery condition

and from abstract (1) to concrete (7) for the concreteness condition. In view of the fact
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that emergency measures due to the COVID-19 pandemic were imposed during the
conduction of the study, the booklets were also designed as online questionnaires,

following the exact structure of the booklets.

An example of an imagery online questionnaire can be seen here: Imagery Questionnaire:

Form 1. An example of a concreteness online questionnaire can be seen here:

Concreteness Questionnaire: Form 2. The first booklet of the imagery condition can be

found in Appendix 5. The first booklet of the concreteness condition can be found in

Appendix 6.

Participants. Participants were recruited through social media postings, several public
and private universities in Cyprus, and word of mouth. Only Cypriots over 18 years old
who agreed to sign a consent form participated in the study. Participants who did not
answer more than 33% of the items, those who demonstrated random or inattentive ratings
(e.g., rating the majority of words with the same response), those who did not meet the
predefined correlation on the repeated words within their questionnaire, and non-Cypriots
were dropped from the analysis. All participants provided a written consent form (the

consent forms can be found here: Imagery-Consent Form / Concreteness-Consent Form).

Procedure. Each participant was given one booklet (imagery or concreteness)
accompanied with written instructions to complete at their own convenience. Written
instructions on both conditions were based on those used by Paivio et al. (1968) and
Friendly et al. (1982). These included precise definitions of imagery and concreteness,
together with rating directions. Specifically, in the imagery condition, they were asked to
rate the words that aroused mental images easily and quickly with (7), words that aroused
mental images with the greatest difficulty or not at all with (1), and words with
intermediate ease and speed of imagery to be rated between the two extremes. Identical
directions were given for the concreteness condition, apart from the rating scale, in which
(1) represented the abstract words and (7) the concrete words. Participants were shown
two completed examples for each condition (e.g., MOAYBI/PENCIL, as an example of a
high imagery word and AEAOMENO/FACT as a low imagery word; KAPEKAA/CHAIR
as an example of a concrete word and AHMOKPATIA/DEMOCRACY as an example of
an abstract word). They were asked to take as much time as needed to rate each word
accurately and to not be concerned about how often they used a particular number, as

long as it represented their true judgment.
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To ensure the creation of reliable norms, a minimum number of 20 responses on each
item was predefined. Therefore, words that had 19 or less ratings were deleted from the

CWP and the analyses.
Results

Participants. A total of 749 participants voluntarily participated in both study conditions.
From this initial sample, those who did not answer more than 33% of the items (n=27),
those who demonstrated random or inattentive ratings (n=29; these participants rated the
majority of words with the same response, indicating non-engagement in the study), those
who did not meet the predefined correlation on the repeated words within their
questionnaire (n=40; this is discussed further below), and finally, non-Cypriots (n=8)
were excluded from the analysis. Hence, from the initial sample, 160 participants were

dropped from the analysis, leaving 645 participants.

From this sample, 349 participated in the concreteness condition (divided among the 13
different booklets), while the remaining 296 participated in the imageability condition
(similarly, divided among the 13 different booklets). The demographic characteristics for
the participants who participated with each booklet are illustrated in Table 4.5 for
imageability and Table 3.6 for concreteness. In both conditions, the vast majority were
female (Figure 3.3 A) from the Limassol district. Age distribution was the same in both
conditions (Figure 3.3 B), with a mean age of 27 (SD=12) in concreteness and 30 (SD=12)
in imageability. Regarding participants’ educational levels, in the concreteness condition,
41.5% of the sample had a high school diploma, 38% had a bachelor’s degree, and 20.5%
had a master’s and/or doctoral degree. In the imagery condition, 25% of the sample had
a high school diploma, 37.5% had a bachelor’s degree, and 37.5% had a master’s and/or

a doctoral degree.
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Figure 3.3 Gender and age distribution in both study conditions
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Note: The plots illustrate total sample distribution in the concreteness and imageability
conditions. A. Gender distribution in the sample. The vast majority of the sample were female in
both conditions. In the concreteness condition, 74% of the sample were female (n=220).
Similarly, 70% were female in the imageability condition; B. Age distribution in both conditions.
Both distributions are right skewed, with a mean age of 27 (SD=12) in the concreteness condition

and 30 in imageability.
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Table 3.2 Participants’ demographic characteristics for each imageability booklet

Origin (%) Education
Booklet  Sample ("/?fe‘:ri:e) rﬁeizl Lim Nic Pap Lar 12 16 >16
(SD)
B1 23 65 28.5(10) 52 26 22 - 52 30 18
B2 25 84 23(8) 40 16 32 12|20 72 8
B3 22 60 32(14) 45 37 45 135 | 50 18 32
B4 24 83 23(5) 54 165 17 125 (375 50 12.5
B5 23 61 28(9) 60 13.5 175 9 26 26 48
B6 21 67 32(14) 62 19 14 5 19 285 525
B7 21 71.5 32(13) 57 14 195 95 19 48 33
B8 21 67 29(14) 38 285 24 95 33 33 34
B9 67 61 40(11) 45 37 12 6 45 105 85
B10 20 50 29(12) 55 25 10 10 25 35 40
BI11 22 77 25(8) 45.5 9 27 18.5]36.5 455 18
B12 30 90 24(9) 30 30 20 20 53 40 7
B13 30 76 24(8) 60 165 17 6.5 20 60 20

Note: B1=Booklet 1, etc.; SD=standard deviation; Lim=Limassol; Nic=Nicosia; Pap=Paphos;
Lar=Larnaka; 12=12 years of education, etc. The educational levels in the study were high school,
bachelor’s degree, master’s degree, and doctoral degree. In the table, master’s and doctoral

degrees are both depicted under >16.
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Table 3.3 Participants’ demographic characteristics for each concreteness booklet

Origin (%) Education
Gender Age Pa La
Booklet Sample (% Mean Lim  Nic 12< 16 >16

Female) (SD) p r
BI 20 55 29(10) 55 10 30 5 30 40 30
B2 22 82 26(10) 32 32 27 9 27 50 23
B3 23 70 30(14.5) 39 35 17 9 1305 565 13
B4 28 79 26(13.5) 61 15 18 6 65 14 21
B5 21 57 30(11) 48 33 95 95 | 24 47 29
B6 25 80 32(17) 52 24 20 4 52 28 20
B7 20 70 35(18) 45 25 15 15 25 50 25
B8 23 82 23.5(7) 22 43.5 26 85 39 435 175
B9 20 80 25(10) 45 30 20 5 70 5 25
B10 24 75 23(9) 29 415 17 125 71 17 12
BI11 20 80 28(11) 45 15 5 35 45 40 15
B12 20 70 26(10) 50 40 10 - 45 35 20
B13 30 76 24(7) 47 325 17 35 | 20 63 17

Note: B1=Booklet 1, etc.; SD=standard deviation; Lim=Limassol; Nic=Nicosia; Pap=Paphos;
Lar=Larnaka; 12=12 years of education, etc. The educational levels in the study were high school,
bachelor’s degree, master’s degree, and doctoral degree. In the table, master’s and doctoral

degrees are both depicted under >16.

Total number of words in the CWP. In total, 398 words that did not meet the predefined
minimum number of responses (i.e., 20) were deleted from the CWP and thus from the

analysis. Accordingly, 2,852 words remained on the list and in the analyses.

Imageability and concreteness ratings. The mean rating for concreteness was 5.4 with a
standard deviation of 1.4, while the mean for imageability was 5.2 with a standard
deviation of 1.5. The ratings frequency distributions, demonstrated in Figure 3.4, and
show that both ratings are negatively skewed, with only 4% of the words rated between
1 and 2 in the imagery and approximately 3.5% in the concreteness condition. The
majority of words have been rated as high imagery or concrete words. Specifically, 1,459
words (47.5%) have been rated within 6 and 7 in the concreteness condition and 1,271

words (41%) in the imagery condition. In addition, 43.5% of the items were rated between
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the two scales’ extremes (i.e., between 3 and 5) for concreteness and 48% in the

imageability condition.

The imagery ratings compare closely with Paivio et al. (1968). In contrast, in the
concreteness condition, the authors noted a bipolar distribution. Friendly et al. (1982)
observed a high proportion of ratings in the middle range, an observation also evident in
the CWP. Furthermore, the mean ratings for imagery and concreteness in Friendly et al.
(1982) were 4.19 (SD=1.4) and 4.34 (SD=1.4), respectively. Both variables were rated
similarly, an observation evident also in Paivio et al. (1968). Comparably, in this study,
both variables indicated approximately identical mean ratings and standard deviations. In

general, the majority of the CWP words are concrete, high imagery words.
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Figure 3.4 Frequency distribution of imagery and concreteness ratings
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Note: A. Frequency distribution of ratings in the imagery condition. Data were obtained for 2,852
words. Among them, 1,222 (43%) were rated between 6—7 (high imagery words), 588 (21%)
between 5-6, 416 (14.6%) between 4-5, 333 (11.7%) between 3—4, 186 (6%) between 2-3, and
107 (3.7%) between 1-2 (very low imagery words); B. Frequency distribution of ratings in the
concreteness condition. Data were obtained for 2-844 words. Among them, 1-378 (48.5%) words
were rated between 6—7 (highly concrete words), 680 (24%) were rated between 5-6, 359 (12.6%)
between 4-5, 167 (5.8%) between 3—4, 158 (5.5%) between 2-3, and finally, 102 (3.6%) were
rated between 1-2 (abstract words).
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Reliability. Correlations within participant responses to the five repeated words were
used to judge internal reliability. Prior to the analysis, the criterion of .20 was adopted
(Friendly et al., 1982); therefore, participants who showed correlations less than .20 were
considered unreliable and excluded from the analysis. Accordingly, 13 participants (five
female and eight male) were dropped from the imagery condition, and 27 (11 female and
16 male) from the concreteness condition. The overall correlations for concreteness and
imagery for the remaining participants are presented in Table 3.4. The analyses revealed
moderate to strong correlations among the responses on the five repeated words in all
booklets in both conditions. The mean correlations for the 13 booklets in both the imagery
and concreteness conditions were strong (imagery: r=.825; concreteness: r=.780).
Pearson’s  among the booklets ranged from .540 to .915, indicating satisfactory internal

reliability.

Table 3.4 Correlations of ratings on repeated words

Imageability Concreteness
Booklet r p-value r p-value
1 .826 <.001 .900 <.001
2 766 <.001 .810 <.001
3 .855 <.001 774 <.001
4 .839 <.001 733 <.001
5 813 <.001 495 <.001
6 907 <.001 .889 <.001
7 912 <.001 916 <.001
8 .894 <.001 .859 <.001
9 .843 <.001 .672 <.001
10 718 <.001 .866 <.001
11 915 <.001 .904 <.001
12 .690 <.001 789 <.001
13 750 <.001 .540 <.001
Mean .825 780

Note: The correlations have been calculated from all participants’ responses on each booklet’s
repeated words. From the analysis, the responses of those who did not complete the whole

questionnaire were removed; therefore, the repeated words were not rated.

To further investigate reliability, a Mann-Whitney U test was conducted to examine
whether the mean ratings of the 12 repeated words that were randomly distributed among
the different booklets significantly differed across participants (Table 3.5). The analysis

revealed nonsignificant differences among the first ratings in the imagery condition
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(M=5.65, SD=1.2, median=6.05) from the ratings on the same words from the different
booklets and participants (M=5.8, SD=1.15, median=6.05); U=64.5, p=.686. Similarly,
nonsignificant differences were found among the first ratings on the concreteness
condition (M=5.5, SD=1.3, median=6) with the same words from the different booklets
and participants (M=5.7, SD=1.35, median=6); U=60, p=.506. A nonparametric
correlation analysis revealed a strong correlation among the different ratings of the 12
repeated words (Table 3.5). Figure 3.5 visually demonstrates the mean scores of the

repeated words among the booklets and participants.

Table 3.5 Mean ratings of the 12 repeated words

Imagery Concreteness

Mean Mean Mean Mean
Word ) . . :

rating A rating B rating A rating B
ayeAada. 6.68 6.78 6.75 6.75
avayvmon 3.27 4.05 2.4 2.22
avorytnpt 6.54 7 6.46 6.95
diytv 6.32 6.82 6.1 6.75
£dpa. 6.1 6.38 6.35 6.45
EKTUTTOTAG 6.9 6.9 6.55 6.83
EPYOOTNHPLO 4.4 5.52 4.04 4.7

4 3.64 5.67 5.14
NAEKTPOAGYOG 5.97 4.9 5.42 5.48
Bolacowva 5.7 5.71 4.38 5.36
Bdpoxag 5.29 5.19 5.17 5.35
KGSpo 6.64 6.52 6.62 6.61
Man-Whitney U U=64.5, p=.686 U=60, p=.506
f}l’jarman S 1ho=867, p <001 rho=837, p <.001

Note: The repeated words were rated by different participants. A nonparametric independent
sample t-test (i.e., Mann-Whitney U test) indicated nonsignificant differences among the two
mean ratings of the 12 repeated words. Similarly, Spearman’s rank correlation coefficient showed
the mean scores to be strongly correlated, indicating that the items have been rated similarly

across the participants.
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Figure 3.5 Visual representation of mean scores of repeated words among different

booklets
A ImageryA - ImageryB B ConcretenessA - ConcretenessB
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55 1 o Mean (95% CI) [ o Mean (95% Cl)
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Note: The 12 repeated words in the different booklets were rated similarly by the participants

both in the imagery (A) and concreteness (B) conditions.

Validity. Following the suggestion of Stadthagen-Gonzalez and Davis (2006), the present
word norms were compared with two other international normative scaling studies, those
by Scott et al. (2019) and Soares et al. (2017). Unfortunately, to date, there are no
available normative studies providing norms for these variables in Cyprus or Greece;
therefore, comparison was not possible with national databases. The comparison allowed
us to cross-validate the CWP with its international counterparts by comparing its ratings
with the ones obtained in other studies in the same subjective dimensions. A total of 210
items that appeared both in the CWP and the Minho word pool (Soares et al., 2017) and
100 words that were in both the CWP and the Glasgow word pool (Scott et al., 2019)
were selected. Correlations were computed among the mean ratings on concreteness and
imagery (i.e., the mean rating of each word in the pool) for the selected words among the

three datasets. The correlations are shown in Table 3.6.

81



Table 3.6 Correlations among mean ratings in three-word pools

Imageability Concreteness
CWP
r P 95% Cl1 r P 95% Cl1
Glasgow .85 <.001 .78-.9 .64 <.001 S1-.74
Minho .606 <.001 .35-.64 .65 <.001 52-75
Mean SD Range Mean SD Range
Glasgow 6.5 0.6 2.5-6.9 6.4 0.5 3.6-6.9
CWP* 6.5 0.8 1.8-7 6.3 0.87 2.3-7
Minho 5.8 1.5 3.1-6.75 6.5 0.87 3-6.8
CWP** 6.4 0.8 2.9-7 5.85 1.2 1.7-7

Note: *Descriptive statistics of the selected words from the CWP that also appear in the Glasgow
pool; **Descriptive statistics of the selected words form the CWP that appear also in the Minho

pool.

The correlations among the CWP and the other two pools in both conditions are all above
.60. The highest correlation is between the CWP and the Glasgow pool in the imagery
condition (.85), while the rest lie between .60 and .65. The Minho word pool is a
normative study of Portuguese words (English words were provided in this study), while
the Glasgow provides norms for English words; as such, a very strong correlation was
not expected, due to cultural differences. In contrast, a strong correlation would have been
expected among national databases. Thus, the overall validity of the present norms seems
quite satisfactory. Concreteness and imagery among the three international word pools
are statistically correlated, providing evidence that these variables form fairly stable
attributes of word meaning, since evident agreement exists in mean ratings over time and

geographical samples.

Significant differences exist among the mean item ratings in the overlapping sets, as
shown in Table 3.7. The mean imagery rating in the Minho word pool is lower than the
mean ratings on the same items found on the CWP (means are presented in Table 3.6). In
addition, the mean concreteness rating in the Minho word pool is higher than in the CWP.
Similar findings were observed in Friendly et al. (1982). These differences can be
attributed to cultural differences and in the different sets of items that happened to overlap

among the two variables. The mean ratings of the selected common words from the
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Glasgow and Minho pools are illustrated in comparison with the CWP ratings in Figure

3.7.

Table 3.7 Mean differences among three word pools

Imageability Concreteness
CWP
Glasgow 1(206)=0.08, p=0.9*' 1(206)=1.26, p=0.210**
Minho #(200)=-5.82, p<.001*’ #(200)=2.35, p=0.019**

Note: *'Hypothesis: Glasgow imageability # CWP imageability; ** Hypothesis: Glasgow
concreteness # CWP concreteness; **Hypothesis: Minho imageability # CWP imageability;

**Hypothesis: Minho concreteness # CWP concreteness.
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Figure 3.6 Graphical illustration of mean CWP ratings with Glasgow and the Minho

pools
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Note: A. Mean rating of imagery on the words that appeared in both the CWP and Minho
pool; B. Mean rating of concreteness on the words that appeared in both the CWP and
Minho pool; C. Mean rating of imagery on the words that appeared in both the CWP and
Glasgow pool; D. Mean rating of concreteness on the words that appeared in both the

CWP and Glasgow pool.
Conclusion

The aim of this study was the development of subjective norms for imageability and
concreteness for the words included in the CWP. The analysis indicated high internal
reliability and validity. Imagery norms were created for 2,852 words and concreteness
norms for 2,844 words. The rigorous adopted methodology allowed us to deeply

investigate participants’ commitment in the study and only the responses of participants
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who truly engaged in the study were used in the analyses. These norms were considered

reliable for use in the alternative forms’ development.
3.5.2 Normative Data for Word Frequency

Word frequency is among the most important variables in experimental psychology in
general, and in memory research, in particular (Brysbaert et al., 2011). When participants
are asked to memorize a list of words and later required to recall them and discriminate
them from lures (i.e., new items), the pattern of results depends heavily on word
frequency in the list (Cortese et al., 2010; Gregg et al., 2006; Higham et al., 2010). Given
the weight of word frequency, no study in memory research can afford not to control this
variable. For this reason, numerous frequency lists have been generated and several
variables influencing the quality of word frequency estimates have been identified. For
instance, the size of the corpus used for the generation of word frequency measurements
seems to determine the list quality, primarily because this produces more reliable

estimates for very low-frequency words (Brysbaert et al., 2011).

To create frequency estimates for the words included in the CWP, the two previously
created corpora were used. NEWSLEX-CY comprises more than 10,500,000 words, and
thus highly reliable statistics could be extracted. Although DIALEX-CY contains only
approximately 1,100,000 words, which is the minimum length required to extract
frequency estimates, the criteria under which the sources were selected were extremely
strict to ensure only words from specific categories (e.g., food, animals) were included.
Therefore, since every available electronic source related to the desired categories has
been included in the corpus, together with the survey material, the corpus was thought to

be representative of the words that are used when discussing about these topics.

Method. As words’ frequency depends on the size of a corpus, investigators typically
employ a standardized measure so that the various counts can be compared (Brysbaert et
al., 2018). To date, the primary standardized measure has been the frequency per million
words (fpmw). To extract statistics about a word’s fpmw, its raw frequency is divided by
the total number of words in the corpus and multiplied by one million. Accordingly, high-
frequency words are defined as those having a value of above 100 fpmw, and low-
frequency words are those with a value of below five fpmw (Brysbaert et al., 2018). In

addition, frequency estimates are also calculated depending on a word’s raw occurrence

85



per million words (epm). As such, a word is considered a high-frequency word when it
occurs 75 or more times per million words, medium-frequency words are those that
appear between 11 and 74 times per million, and low-frequency words are those that
occur 10 or fewer times per million (Soares et al., 2017b). Finally, van Heuven et al.
(2014) introduced a new measure of word frequency, the Zipf scale. This measure aims
to resolve the major disadvantages of the fpmw scale, the most critical of which is that
the estimates are strongly dependent on the size of the corpus. The Zipf scale is a
logarithmic scale running from 1 (very low frequency) to 6 (very high frequency) or 7,
within which only a few words fall. Zipf values are easily calculated and are equal to

log10 (fpmw)+3 or log10 (frequency per billion words; van Heuven et al., 2014).

In this study, frequency measures were calculated (following the calculations as described
above for each method) and are presented in all the aforementioned scales (i.e., fpmw,
opm, and Zipf scales) for all the words included in both corpora. The reasons for (1)
calculating the frequency estimates for the complete unique lists, not only for those
included in the CWP, and (2) calculating the three aforementioned well-defined and
known estimators were to develop reliable frequency lists for future use and provide
researchers the opportunity to decide among the three estimators which one best fits their

needs.

Sketch Engine software (Kilgarriff et al., 2014) was used to extract the number of times
that each word appeared in each corpus. According to the fpmw scale, in both corpora,
most words have a value of less than five. Specifically, approximately 76% of the words
in the NEWSLEX corpus have a value below five (i.e., low-frequency words), 21.5%
have a fpmw value between 5 and 100 (i.e., medium-frequency words), and only 2.5%
are high-frequency words with a value above 100. Comparably, in the DIALEX corpus,
74% of the words have a value below five, 23% are between five and 100, and 3% have
a fpmw value above 100. According to the opm scale, the three levels of frequency (i.e.,
high, medium, low) follow similar distributions in both corpora. Most words are
characterized as low-frequency words (85.5% in the NEWSLEX and 83% in the DIALEX
corpus), followed by the medium-frequency words (approximately 11% in the
NEWSLEX and 13% in the DIALEX corpus). Only 1,635 (3%) and 1,586 (4%) high-
frequency words are evident in the NEWSLEX and DIALEX corpora, respectively.
Finally, using the Zipf scale as the standardized measure, approximately 85% of the

words fall between 1 and 3, and 15% between 4 and 7 in both corpora. Figure 3.7
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illustrates the frequency distribution of the words included in the NEWSLEX-CY corpus.
Figure 3.8 illustrates the frequency distribution of the words included in the DIALEX-
CY corpus.

Figure 3.7 Comparison of frequency measures of NEWSLEX-CY corpus
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Note: Following the opm method, 4,798 more words are characterized as low frequency in
comparison with the fpmw scale. These words fall into the medium-frequency range in the fpmw.
The Zipf scale follows a very similar distribution as the opm method, even though the medium-

frequency range is not clearly defined for the Zipf scale.

Figure 3.8 Comparison of the frequency measures of DIALEX-CY corpus
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Note: As with the NEWSLEX corpus, following the OPM method, most words are defined as
low frequency in comparison to the FPMW. The FPMW criteria allow a wider distribution
between the low- and medium-frequency ranges. Even though the medium-frequency range is not
defined in the Zipf scale, it is evident that the lower and upper halves of the Zipf and opm scales

are identical.

For the needs of this thesis and considering the advantages and disadvantages of each
method, each word’s opm was considered the most suitable method for the development
of the tests’ alternative forms. The opm, allows the generation of reliable frequency
statistics with a relatively small corpus of 1,000,000 words. The followed methodology
is described in detail below. Henceforth, the described methodology involves only the

words included in the CWP.

OPM Estimations. Three levels of taxonomy regarding words’ frequency are evident in
the literature (i.e., high-, medium-, and low-frequency words). Estimates are calculated
depending on a word’s raw occurrence per million words. Accordingly, as described
above, a word is considered high-frequency when it occurs 75 or more times per million
words, medium-frequency words are those that appear between 11 and 74 times per
million, and low-frequency words are those that occur 10 or fewer times per million
(Soares et al., 2017). Sketch Engine software (Kilgarriff et al., 2014) was used to extract

the number of times that each word appeared in each corpus.

According to the abovementioned criteria, each word was characterized as high, medium,
or low frequency, depending on its occurrence in the corpus. Specifically, the estimation
of the frequency criteria for the NEWSLEX-CY was made following the below
calculations (Table 3.8):

o high-frequency words: (74,1 x 10,648,408)/1,000,000=789)

o medium-frequency words: (10,1 x 10,648,408)/1,000,000=107) & (74 x
10,648,408)/1,000,000=788)

o low-frequency words: (10 x 10,648,408)/1,000,000=106).

Estimation of the frequency criteria for DIALEX-CY was made following the below
calculations (Table 3.9):
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o high-frequency words: (74,1 x 1,108,225)/1,000,000=789)

o medium-frequency words: (10,1 x 1,108,225)/1,000,000=107) & (74 x
1,108,225)/1,000,000=788)

o low-frequency words: (10 x 1,108,225)/1,000,000=106).

Considering that each word from the alternative neuropsychological tests that were
developed in this thesis had to be matched with another word with exactly the same
psychometric properties, the frequency criteria were further expanded from three to six
levels of taxonomy. This allowed us to create multiple neuropsychological tests with the
same difficulty level to the greatest degree possible. Therefore, each level (i.e., low,
medium, high) was further divided into two levels. Specifically, the length of each
frequency level was divided to two equal parts. The smaller part was characterized as
“low” and the larger as “high.” For instance, the medium-frequency words in the news-
based corpus were the words that occurred between 107 and 788 times. This length, which
is 681 words, was divided approximately in half (i.e., 340 and 341), and the words that
occurred between 107 and 447 times in the corpus were characterized as “low—medium-
frequency” words, and those that occurred between 448 and 788 were characterized as
“high-medium-frequency” words (Tables 3.8 and 3.9). With this level of taxonomy, each
word in multiple learning tests can be replaced with higher accuracy regarding their

frequency level.

To investigate the reliability of the produced frequency estimates, the words included in
the CWP that appeared in both corpora were searched and their estimates compared. As
shown in Table 3.10, the words were characterized in the same manner in both corpora,
not only on the usual three levels of taxonomy but also in the six levels, providing
evidence that both corpora represented each word reliably. This might be explained by
the fact that the newspapers include, in addition to news-related articles, regular columns

related to general topics, such as cooking.

&9



Table 3.8 Frequency estimates per million for DIALEX-CY

DIALEX-CY
Establish
stablis ?d . Criteria according Further taxonomy &
frequency criteria to corpus length final corpus criteria
(per million) P & P
Corpus
length in 10,648,408
words
Unique 56.353
words ’
High- >s >89 low—high: 789-1,500
frequency = = high—high: >1,501
ium- low—medium: 107—447
Medium 11-74 107-788 , ,
frequency high-medium: 448-788
Low- low—low: 1-53
=10 =106
frequency - - high—low: 54-106

Table 3.9 Frequency estimates per million for DIALEX-CY

DIALEX-CY
Established
Sabls ? . Criteria according to Further taxonomy &
frequency criteria L
. corpus length final corpus criteria
(per million)
Corpus
length in 1,108,225
words
Unique 49,348
words ’
Ifhgh- — _— 19w—high: 83-150
Hgusiey high—high: >151
Medium- low—medium: 124
edium 1174 1282 (?W medlgm 6
frequency high-medium: 47-82
Low- <10 <11 low—low: 1-5

frequency - - high—low: 6-11




Table 3.10 Selection of words appearing in both corpora and their frequency statistics

Frequencies in the corpora Words frequency in both

corpora
Word NEWSLEX- DIALEX- Frequency in 3 | Frequency in
CY CY categories 6 categories
ayehada 1,923 336 H HH
oKTH 185 35 M LM
OAKOOA 124 24 M LM
avopn 2,111 1,156 H HH
avoién 157 13 M LM
appovio 17 3 L LL
OCTUVOLIKOG 152 36 M LM
ovya 2,314 1,182 H HH
Bpadwvo 1,963 250 H HH
Bpdov 1,771 239 H HH
datpon 2,063 906 H HH
gvovpa 1,920 244 H HH
EKTTOUTN 337 13 M LM
gvovpa 1,920 244 H HH
EMOYN 3,841 424 H HH
gutuyio 111 15 M LM
Chyopm 3,199 1,591 H HH
Covn 499 55 M HM
nbomo1og 154 16 M LM
NMog 116 31 M LM
1epd 126 22 M LM
wotopia 1,574 333 H HH
KaOnynTg 688 71 M HM
KOTAGTPOON 424 24 M LM
KAVIKN 299 24 M LM
KowoTnTO 1,272 83 H LH
KOpLON 151 35 M LM
Kpooi 2,914 1,502 H HH
KPEUUDHOL 2,627 1,388 H HH
KPLTIKN 284 23 M LM
A 2,375 1,340 H HH
Muvnm 149 15 M LM
Aopida 98 6 L HL
HOVITAPLOL 1,649 844 H HH
umop 298 23 M LM
ouada 2,172 161 H HH

Note: The words have been defined according to the frequency criteria seen in Tables 4.8 & 4.9.

Results. As depicted in Figure 3.9, the majority of words in the CWP are low-frequency
words (43%), followed by medium-frequency words (47%). In contrast, the high-

frequency words constitute only 14% of the data. In the six-level taxonomy, the high-
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frequency words are almost equally divided among its two parts, while in contrast, the
low—low words and low—medium words represent 68% and the 76% of the words,

respectively.

Figure 3.9 Distribution of CWP’s 2,852 words according to per-million written word
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Note: The distribution is presented in six levels of frequency taxonomy; LL: low-low; HL: high-
low; LM: low-medium; HM: high-medium; LH: low-high; HH: high-high; on the left; and in

three levels of frequency taxonomy (low, medium, high) on the right.
3.5.3 Objective Variables of the CWP Items

Besides the abovementioned normative data, the CWP provides values for the objective

variables of number of letters, number of syllables, and part of speech for the 2,852 words.

Number of letters: As illustrated in Figure 3.10, the number of the CWP words’ letters
ranges between 3 (n=14, 0.5% of the data) and 18 (n=1), with an average of 7.7 per word.
The lengths of 72% of the words range between six and 10 letters, while 16% range
between three and five letters. Only 12% range between 11 and 18 letters.
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Figure 3.10 Letter number distribution of 2,852 CWP words
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Number of syllables: The number of syllables ranges between 1 (n=37, 1.3% of the data)
and 8 (n=1, 0.1% of the data), with an average of 3.3 syllables per word. The majority of
the words are three- (1.056, 37% of the data) and four-syllable (721, 25% of the data)
words. The number of syllables distribution is depicted in Figure 3.11.

Figure 3.11 Syllable number distribution of 2,852 CWP words
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Part of speech (PoS): The words in the CWP cover four grammatical classes (i.e., nouns,

adverbs, adjectives, and verbs), although the vast majority are nouns (2,815 words, 98.5%
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of the data). Only 0.6% (17 words) are adjectives, and 0.6% (18 words) are verbs, while

only two words are adverbs.

The CWP can be found here: The Cypriot Word Pool

3.6 Cypriot Alzheimer’s Disease Assessment Scale-

Cognitive Subscale®

The ADAS-cog is considered the gold standard for the evaluation of antidementia
treatment efficacy (Skinner et al, 2012), and it is the most widely used
neuropsychological measure in clinical trials (e.g., Connor & Sabbagh, 2008; Ihl et al.,
2012; Rabey & Dobronevsky, 2016; Rozzini et al., 2007). It was developed with the
purpose of being used as an index of global cognition in response to therapeutic
interventions in AD patients. The original ADAS-cog, created by Rosen et al. (1984), was
later modified to include additional items. The discussion henceforth uses ADAS-cog to

refer to Mohs et al.’s (1997) revised form.

The ADAS-cog includes 11 items, including participant-completed tasks and examinee-
based observations. As a whole, the test evaluates the cognitive domains of memory,
orientation, praxis, and language. The included participant-completed tasks, in the order
presented, are word recall, naming object and fingers, commands, constructional praxis,
ideation praxis, orientation, and word recognition. The examinee-based observations
include the comprehension of spoken language, word-finding difficulty, and
remembering test instructions. These items are scored based on an open-ended

conversation about neutral topics at the beginning of the session and on the participant’s

3 The two alternative forms of the ADAS-cog-12, created for the needs of this thesis, are described here.
Two improved versions of the ADAS-cog (the ADAS-cog-14) have been created, and a standardization
study is currently running for the cognitive and the non-cognitive scales. This research project is not

presented in this thesis.
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spontaneous language and behavior during testing. The total score in the classic 11-item
test is 70; this score represents the most severe impairment. Optional items, such as
delayed word recall and the maze test, are available and are used according to researcher
needs. A score of 0 represents the least impairment. A reduction in score at retest signifies
cognitive improvement (Mohs et al., 1997), and a reduction of 3 or more points at retest

signifies an effective treatment effect (Schrag & Schott, 2012).

For the needs of this thesis, the ADAS-cog-12 (including the original aforementioned 11
items and the optional delayed word recall) has been translated and adapted for the
Cypriot population (Figure 3.12). Considering Dr. Mohs’ recommendation of not
repeating the same word lists in a study more frequently than every six months (Schafer
et al., 2012), two alternative forms of equal difficulty were created for the word recall,
word recognition, and object naming subscales. All words used for the development of

the Cypriot ADAS-cog-12 were chosen from the CWP.

3.6.1 Method

Word recall item. This task originally comprised 10 high-frequency and -imagery nouns
that are presented to the participant printed in block letters on white cards. The task
contains three learning trials. Following the authors’ criteria, one list of high-frequency
and -imagery words was created for Form A of ADAS-cog-12. Then, each word from
Form A was matched with another word with identical psychometric properties to create
Form B list. The selected words had similar numbers of syllabi, frequency level (high
frequency according to the six levels of taxonomy), and concreteness and imagery ratings
(between 6 and 7). In the three recall trials, the words’ presentation sequence followed

the same as in the original ADAS-cog.

Naming item. In the naming task, the participant is asked to name 12 real objects that
differ in their frequency values. For this task, 12 words differing in frequency level (four
high, four medium, and four low, as in the original form) were selected. Each of the
selected words from Form A was matched with another one with similar properties to
create Form B. As with the recall lists, the words were identical in their concreteness and
imagery levels. Since in the naming subtest, the items must be real objects that are
presented in the participant, all words represented real objects that could be easily found

(e.g., kapvoa/coconut, Tu&ida/compass).
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Word recognition item. In this task, the participant is given one trial to learn 12 new
words that are printed in block letters on white cards and one trial to recognize these
words among 12 lures. For Form A, 12 words were selected for the learning trial and
another 12 as distractors. The distractors were six semantically related and six non-
relevant words. The words for Form B were matched in frequency, concreteness, and
imagery values with those from Form A. Figure 4.12 demonstrates the Cypriot ADAS-

cog-12 testing materials.

Figure 3.12 The Cypriot ADAS-cog-12
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Note: For the needs of this thesis, five identical ADAS-cog-12 testing materials were created for

el

each form. This allowed each member of the research team involved in patient assessment to hold

exactly the same stimuli material, thus ensuring reliable data collection.

3.6.2 Investigation of ADAS-cog-12 Alternative Forms’
Difficulty Levels

To investigate whether the two alternative forms had similar difficulty levels and could
thus be used to evaluate the treatment’s effectiveness, both forms were administered in
participants with and without symptoms of dementia. The healthy participants were

recruited to investigate whether the developed ADAS-cog-12 could differentiate patients
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with dementia from the healthy population and thus if it could be used for future clinical

reasons as well.
Participants and Methods

In total, 19 participants were recruited for this study. The healthy participants (MMSE >
26) were matched in age and gender with the patients. Two sessions were scheduled with
each participant, with a 2-week interval between them. In the first session, a demographic
questionnaire, the MMSE, and the ADAS-cog A’ were administrated. At the following
session, the participants were evaluated with the ADAS-cog B'.

Results

Table 3.11 outlines participant demographic characteristics. The Mann-Whitney U test
was conducted to determine whether differences in age and education existed between
participants with and without dementia. The results indicated a nonsignificant difference

between the two groups in both age (U=31, p=.236) and education (U=39, p=.58).

As expected, both forms presented almost perfect negative correlation with the MMSE
(Form A: r=-.967, p<.001; Form 2: r=-.96, p<.001). Figure 3.13 illustrates the correlation
matrices between the ADAS-cog forms and the MMSE.

Table 3.11 Participants demographic characteristics

Participants
No Dementia
dementia
N 10 9
Age
Mean (SD) 72.9 (2.56) 75.7(6.75) p>.05
Minimum 68 62
Maximum 75 85
Gender
Male 5 5
Female 5 4
Education
Mean (SD) 7.10 (2.6) 7.11(4.7) p>.05
Origin
Ammochostos 0 4
Nicosia 8 0
Limassol 2 4
Paphos 0 1
MMSE
Mean (SD) 28.2 (1.3) 19 (5)
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Figure 3.13 Graphical illustration of correlation between ADAS-cog and MMSE
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Note: A. Correlation matrix of ADAS-cog A’ with MMSE; B. Correlation matrix of ADAS-cog
B’ with MMSE.

The Mann-Whitney U test was used to investigate whether the two ADAS-cog forms
could differentiate between participants with and without dementia. Significant
differences were found between the two groups in Forms A (U=1, p<.0001) and B (U=1,
p<.0001). Descriptive statistics for both groups are outlined in Table 3.12. A comparison

of the two groups’ mean scores is illustrated graphically in Figure 3.14.

Table 3.12 Descriptive statistics of both groups

Group N Mean (SD) Median
ADAS-cog A No dementia 10 9.25(3.3) 10.65
Dementia 9 34(9.4) 34
ADAS-cog B No dementia 10 9.4 (3) 9.5
Dementia 9 34 (9) 35
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Figure 3.14 Comparison of two groups’ mean scores in Forms A and B
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Note: A. Plotted mean scores of both groups in ADAS-cog A’. The healthy participants averaged
9.25, while the patients averaged 34. B. Plotted mean scores of both groups in ADAS-cog B'. The
healthy participants averaged 9.4, while the patients averaged 34.

A Wilcoxon signed-rank test resulted in nonsignificant differences between the scores on
the ADAS-cog A’ (Md=34) and B’ (Md=34) for patients with dementia; W=6, p=4.
Similarly, nonsignificant differences were observed between the scores of the healthy
participants on the ADAS-cog A’ (Md=10.65) and B’ (Md=9.5); W=19, p=.7. In Figure

3.15 the mean scores for each form of the two groups are graphically illustrated.
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Figure 3.15 Comparison of mean scores between two alternative forms
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Note: A. Comparison of the healthy participants’ mean scores on ADAS-cog A’ and B'. B.

Comparison of the patients’ mean scores on ADAS-cog A" and B'.

Paired samples #-tests were used to determine whether the participants scored differently
in Form B in any specific item of the ADAS-cog. The results indicated nonsignificant
differences in all items (all p>0.05). In addition, nonsignificant differences were found
between the scores of the developed alternative items. Specifically, nonsignificant

differences were found among the scores on the following:

o Word recall of Forms A (mean recalled words=5.25) and B (mean recalled

words=5.3), #(18)=-.36, p=.7
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o Naming of Forms A (mean score=0.68) and B (mean score=0.78), #(18)=-1.15,
p=.16

o Word recognition of Forms A (mean score=5.7) and B (mean score=5.9), #(18)=-

1.3, p=21

ADAS-cog Forms A’ and B’, which were used in this research, can be found here:

Cypriot ADAS-cog-12. For clinical reasons, a new version of these tools is currently

under standardization and will be available in the near future.

3.7 Development of Alternative Neuropsychological Tests

for the Assessment of Primary and Secondary Qutcomes

For the development of equally difficult alternative neuropsychological tests, the
standardized words from the CWP were used. Form NOI1 of the 17 alternative test
batteries used for the assessment of the primary and secondary outcomes can be found in
Appendix 4 (the need for 17 alternative test batteries it is discussed in detail in Chapter

4).
3.7.1 Word Learning Lists

Word learning list tasks are among the most widely used tools for the assessment of
episodic memory in AD patients and are recognized as critical tools for early AD
detection. Performance patterns obtained by list learning tasks provide valuable
information about underlying brain—behavior relationships. In these tasks, a word list is
verbally presented across several trials. Participants are asked to recall the words
immediately after every presentation and after a relatively short delay (e.g., 25 or 30
minutes). A recognition task, wherein participants are asked to recognize the previously

learned words among lures, follows.

For the needs of this thesis, 17 alternative word learning lists were created to evaluate
patients’ verbal learning abilities during the study’s two phases (i.e., baseline and
intervention) and at follow-up. Each assessment included three learning trials, one
immediate recall, and a recognition trial. The word learning task Form 1 (WLT-1), which

included five low-, five medium-, and four high-frequency words (14 total words in the
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learning condition), was initially developed. For each WLT-1 word, 16 alternative words
that were equal in frequency, imageability, concreteness, length, and part of speech were
then selected from the CWP to create the remaining 16-word lists. In addition, all selected
items were matched in living (e.g., dog) and non-living (e.g., pencil) items. The
recognition condition included the 14 original, and 14 new words equal in all properties
to the original ones. The 17 word learning tasks were consequently considered identical

regarding item properties.
3.7.2 Naming Task

Seventeen alternative and equally difficult forms were created for the naming task. Each
form comprised of 15 items of living (e.g., cat) and non-living (e.g., pencil) items that
were presented to the patients printed in color on A4 paper (Figure 3.16). As with the
word learning tasks, 15 words were first selected to create Form 1, and then each word
was matched with 16 others in terms of frequency, imageability, and concreteness to
develop the remaining 16 forms. Each form comprised five high-, five medium-, and five
low-frequency words. The six levels of frequency taxonomy were used during word
selection. For instance, in all 17 alternative forms, the five medium-frequency words
comprised three low—medium and two high—-medium words. In addition, the lists included
four living and 11 non-living items. Finally, for each word, a color picture was selected
as a stimulus, and participants were asked to name it aloud. Following this methodology,
the difficulty of the alternative forms was considered reliably equal. Each word was used
only once as a stimulus among the 17 alternative forms. The words that were used as

stimuli in the word learning lists were excluded from the selection.
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Figure 3.16 Examples of naming task stimulus

Note: Example of a living (A) and non-living (B) stimulus from the naming task Form 1.

3.7.3 Semantic Association Tasks

Seventeen alternative and equally difficult forms comprising living and non-living items
were developed. The tasks included verbal and visuo-perceptual forms. This test is
designed to evaluate ability in four semantic associations: (1) part—-whole, (2) function,
(3) superordinate relationship, and (4) contiguity (Di Giacomo et al., 2012). In the verbal
condition, participants are asked to pair a target figure with one of three noun word
choices. The correct choice is distributed among the four semantic associations.
Accordingly, each target figure is presented four times (i.e., one for each semantic
association). For instance, the following words are presented, one at a time, together with
the lure words for the target stimulus “pencil”: “stationery” (superordinate), “tip” (part—
whole), “write” (function), and “eraser” (contiguity). In the verbal form, the targets are
presented in both lexical and visuo-perceptual modalities to allow for double access to
semantic information (Figure 3.7 A; Caputi et al., 2016). The lure words were
semantically unrelated and were matched to the target words in terms of length and
frequency. The visuo-perceptual task included color drawings. As with the verbal task,
the items were balanced between living and non-living items and were distributed among
the four associative relations. However, in this condition, participants were asked to pair
the target drawing, presented at the top of the form, with one of the three given drawings

that corresponds to the target (Figure 3.7 B).
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In the verbal condition, each of the 17 forms included four living and four non-living
items. The visuo-perceptual task included three non-living (out of the four stimuli from
the verbal condition) and two living items (out of the four living items of the verbal
condition). Only three associated words were included (superordinate, contiguity, and
part—whole) for the living items. The function category was not included, as there are no
appropriate and unanimously recognized functions for living things(Di Giacomo et al.,
2012). In both tasks, there is no self-generation of the name of the objects. Participants
could say or point to the correct word in the verbal condition or to the drawing in the

visuo-perceptual condition.

All target items were gathered from the naming task of the same form (e.g., eight of the
items included in the naming task Form 1 were added in the semantic association task
Form 1, etc.), as proposed in the literature (Di Giacomo et al., 2012; Caputi et al., 2016).
During the assessments, the naming task was administered first, and the semantic

associations followed.

Figure 3.17 Semantic associations task
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Note: A. Example of the item “lemon” in the verbal form. The target is given as both word and
photo. In this example, participants should pair the target “lemon” with its class membership (the
word fruit/ppovto). B. Example of the target item “lemon” in the visuo-perceptual form. The

target is given in color drawing and should pair it with its part—whole (seeds/kovkovTola).

The reason for including in each form only 13 items in total (i.e., eight in the verbal and
five in the visuo-perceptual form) was that otherwise, the task would have become too
long, and participants would become tired and answer randomly. As mentioned above,

each non-living item was presented four times (i.e., seven non-living items x four
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times=28 presentations) and each living item three times (i.e., six living items x three
times=18 presentations). Accordingly, each of the semantic association tasks (both verbal

and visuo-perceptual conditions) comprised 46 stimulus cards.
3.7.1 Trail Making Tests

The trail-making test (TMT) was used to assess patients’ attention and executive function.
Seventeen alternative forms of TMT A’ and B’ were developed. In each alternative form,
the original cycle positions (Reitan, 1955) were maintained, with the numbers and letters
randomly allocated in the cycles, which, however, were maintained on the same half of
the page for each alternate form (e.g., the number 1 was in the bottom part of the page on

every form).
3.7.2 Corsi Block-Tapping Task

The Corsi block-tapping task is a widely used test for the assessment of visuo-spatial
memory with minimal verbal mediation. It was developed in the early 1970s by Dr. Philip
M. Corsi and described in his doctoral thesis in 1972 (Corsi, 1972). The task material
comprises nine (numbered) identical cubes, which are arranged on a 9” x 11" wooden
board (Figure 3.18 A). The assessment involves an examiner who taps the cubes with
specific sequences; participants are then required to point or tap the cubes in the same
order presented by the examiner. The task was based on the digit span task, but instead
of'a verbal form, it requires the use of visuo-spatial memory. Nowadays, the task is widely
used for the assessment of memory loss, spatial memory, and non-verbal spatial memory

(Kessels et al., 2000).

For this thesis, five boards were created of approximately the same size as the one
described by Corsi (1970; Figure 3.18 B). This allowed every member of the research
team involved in patient assessments to hold the same task material, which is crucial for
reliable data collection. The number sequences (lists of the order that the examiners
should tap the blocks) were generated using an algorithm that randomly assigned numbers
to each form. The task was created to start with a small number of two blocks (e.g., one,
eight; the examiner should first tap Block 1 and then Block 8) and was gradually increased
in length up to nine blocks. Each block was tapped only once in any particular sequence,

with one second intervals between each tapping.
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Figure 3.18 Corsi block-tapping task board
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Note: A. The Corsi Block-Tapping board as described by Dr. Corsi in his thesis in 1972. Nine
wooden blocks are spatially arranged on a board . From “Memory and the medial temporal region
of the brain,” by P. M. Corsi, 1972, Dissertation Abstracts International, 34(2-B), 891, Corsi-
Tapping Task section, Figure 9 (DR Corsi Doctoral Thesis). B. The board was created for the

needs of this thesis. Five identical boards were created by the research team following the

technical instructions described by Dr. Corsi.
3.8 Chapter Summary

This chapter has presented the development of NEWSLEX-CY and DIALEX-CY, two
Cypriot dialect-based corpora used as a basis to develop the first standardized Cypriot
word pool. The CWP is a powerful tool for conducting cognitive research with Greek-
Cypriot participants and provides subjective and objective normative data for 2,852
words. Specifically, the CWP provides frequency estimates in three and six levels of

taxonomy and objective measures, such as number of syllables, number of letters, and
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part of speech, for all included words. Moreover, it includes normative data for
imageability and concreteness. It is important to note that the databases were created from
the analysis of written material which might lead to potential bias in favor of those with
higher educational level. In addition, the normative data for the words frequency have not
been stratified by educational level which might compromise the calculated statistics.
This database can be reliably used in the development of equally difficult alternative
cognitive tests. The CWP was used in the development of two alternative and equally
difficult Cypriot versions of the ADAS-cog and the neuropsychological tests that were
used to assess the efficacy of TMS treatment intervention in AD patients. Despite a
rigorous methodology being followed for the development of the 17 alternative
neuropsychological forms used for the assessment of primary and secondary outcomes in
this thesis experimental work, the forms were not administered to a healthy population
for the confirmation of equal difficulty levels. This limitation was encountered by the use
of standardized neuropsychological tools before and after the rTMS treatment in addition
to the development of the two alternative ADAS-cog forms, of which their psychometric

properties were investigated, and their identical difficulty level established.
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Chapter 4 Effects of 40 Hz Precuneus rTMS in
aMCI

Previous chapters presented the theoretical background of a newly introduced and
pioneering approach which targets brain waves to treat AD pathology as well as the
effects of gamma frequency stimulation in healthy participants. It is evident that gamma
frequency stimulation has the potential to modulate gamma brain oscillations (Liu et al.,
2022) and to change the neurophysiological activity both in healthy participants (Traikapi
et al., 2022) and AD patients (Suk et al., 2020) while effectively mitigating the
accumulative pathology and improve cognitive function in AD (Liu et al., 2022; Chan et
al., 2021). Due to the potential clinical implications of the aforementioned evidence, this
study aimed to investigate the efficacy of 40 Hz rTMS in patients with aMCI. This chapter
presents in detail the study’s methodology and design along with a justification for that
choice. In addition, it reports the results of the 40 Hz rTMS intervention, in the patients
with aMCI. The patients’ clinical characteristics, along with their performance
throughout the study and statistical analyses, are presented for each patient individually
and collectively. As the study’s design was developed following well-defined guidelines
for behavioral intervention in single-case experimental studies (Heyvaert & Onghena,
2014; Tate et al., 2014, 2016), the results are reported accordingly. Hence, a graphical
illustration of patients’ scores on each test is provided to assist the visual analysis, which
is accompanied with randomization tests and effect size indices to quantify the treatment
effect. Finally, patient performance on the ADAS-cog-12 and neuropsychological
evaluations are presented, individually and collectively, and the average percentage of

change after treatment introduction is presented for each variable.
4.1 Experimental Design

The study was conducted in the rehabilitation clinic of the Cyprus University of
Technology (CUT), in Limassol, Cyprus, and was approved by the Cyprus National
Bioethics Committee (Protocol number: EEBK/EP/2021/22; Appendix 1). A single-case,
randomized, concurrent multiple baseline design, across two patients with aMCI was
employed (Krasny-Pacini & Evans, 2018). This design involves multiple AB series (i.e.,

A=baseline, B=intervention), in which the baseline phase begins at the same time for each
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participant while the intervention is introduced staggered across time and participants.
The staggered introduction of the intervention allows to demonstrate that the targeted
behaviors do not change over time, but only after the introduction of the treatment (Lobo
etal., 2017). A schematic representation of a typical multiple baseline design is illustrated

in Figure 4.1.

Figure 4.1 Multiple baseline design study

Baseline Treatment (B)
(A)
Subject 1
1
o 1
= e Subject 2
8
3
-
k=
L
o
=}
o
o,
L
A
T
I
L Subject 3
1 2 3 45 6 7 8 9 10 11 12 13 14 15

Assessment time point

Note: The principle of a multiple baseline design is that each patient acts as their own control.
The baseline phases (i.e., A) begin at the same time for all participants while the intervention is
introduced to each participant at different points in time. Therefore, if the intervention is the sole
determinant of improvement changes in the dependent variables are expected only in those who

have received the interventions but not to those who remain at the baseline phases.
4.1.1 Why a Single-Case Design

The concept of a single-case design implementation for the investigation of this thesis’
primary research question, was decided due to concerns on whether the recruitment of a
larger pool of patients was a feasible option. Due to the Covid-19 pandemic, that was still

a primary health issue, families were skeptical about their loved ones’ safety while the
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percentage of patients that were visiting the day care centers (from where we would
recruit patients) had dropped dramatically due to the imposed measures and/or families’
safety concerns. Nevertheless, despite the small sample size, single subject methodology
can provide a rigorous experimental evaluation of intervention effects (Kratochwill et al.,
2010). Although single subject methodology has many variations, these designs involve
repeated, systematic measurement of a dependent variable before, during, and after the
active manipulation of an independent variable. These studies, when designed and
conducted according to the well-established standards, can provide a strong basis for
establishing causal inference and are widely used in neurorehabilitation (Evans et al.,
2014; Heyvaert et al., 2017; Krasny-Pacini & Evans, 2018; Kratochwill & Levin, 2010;
Levin etal., 2014). The randomized n-of-1 trial (i.e., single-case design) has been ranked,

by the Oxford Centre for Evidence-Based Medicine (http://www.cebm.net) as Level 1

evidence for treatment decision purposes in individual patients, together with systematic
reviews and randomized control trials (Howick et al., 2011; Tate et al., 2013). A single-
case methodology, therefore, was considered an evidence-based approach to rigorously

investigating this thesis’s primary question with a relatively small sample size.
4.1.2 Study’s Design

The study was designed, conducted, and reported according to the What Works
Clearinghouse criteria for single case studies (Kratochwill et al., 2010). According to
these criteria, to meet evidence standards multiple AB series repetitions with at least three
measurements of the outcome variables on each phase is recommended. In addition, to
minimize major threats of internal and external validity, randomization should be
implemented to yield control over confounding variables; the targeted behaviors must be
assessed by more than one assessor collecting the necessary inter-assessor agreement, and
finally procedures that will ensure that the interventions and the assessments will be
delivered as planed (treatment fidelity), are highly recommended (Kratochwill & Levin,

2014). All the above criteria are discussed below.

The study comprised two AB series repetitions (two aMCI patients). Randomization was
ensured by designing five experimental conditions, characterized by the length of their
periods: one (W1), two (W2), three (W3), four (W4) and five-week (Ws) baseline periods.
Each patient was randomly allocated to one of the five conditions (without overlapping).

The first patient was allocated to the two-week baseline and the second patient to the
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three-week baseline condition. After the end of each experimental condition patients
received a two-week gamma frequency TMS treatment. With this design the treatment
was introduced at different time periods to each participant (i.e., after two weeks to the
first patient, after three weeks to the second patient). The sequential introduction of the
intervention makes the participant that stay at the baseline phase the control group.
Therefore, when the intervention was introduced to the first patient, the remaining patient
at the baseline phase served as the control group and hence, no improvements were
expected. Accordingly, if the TMS intervention was the sole determinant of
improvement, no changes to the targeted behaviors would be expected for the participant

reimaging in the baseline phase.

The targeted behaviors were systematically evaluated throughout the study. Specifically,
they were evaluated at: (1) pretreatment, (2) treatment, (3) post-treatment and, (4) three

months post-treatment.

Baseline phases. Five baseline phases of different length were designed (i.e., one to five
weeks; W1-Ws) and the aMCI patients were randomly allocated to one of the five. The
first patient was randomly allocated to the two-week baseline and the second patient to
the three-week baseline condition. The targeted behaviors were evaluated two times per
week. Therefore, the first patient was evaluated four times and the second patient was
evaluated six times. Each assessment session lasted between 30 and 40 minutes. A

schematic representation of the study’s design and timeline is illustrated in Figure 4.2.
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Figure 4.2 Schematic representation of the study’s design and timeline
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Note: The patients underwent neuropsychological evaluation before the beginning of the study
and three months after the end of the rTMS intervention (i.e., follow-up). The targeted behaviors
were repeatedly and systematically measured throughout the AB phases (i.e., single-case data).
During the AB and the follow-up phases, the targeted behaviors were assessed 11 times in the W»

baseline condition and 13 times in the W3 baseline condition. Each % on the figure represents a
neuropsychological evaluation. Each X represents one targeted behavior assessment. Each ¢

represents the time point of the primary measures assessment using the ADAS-cog and the

MMSE.

Intervention phases. Patients underwent a two-week TMS intervention immediately after
the end of their experimental baseline condition. The TMS sessions were being delivered
daily (Monday to Friday) for a total of 10 TMS sessions. The targeted behaviors were
assessed six times in total. As a delayed effect was expected from the TMS treatment
(e.g., Cotelli et al., 2011), the data collection started one week after the beginning of the
intervention. Therefore, two assessments were conducted during the treatment phase and

four post-treatment (two assessments/week; see Figure 4.2).

Follow-up phase: The targeted behaviors were assessed again three months after the end

of the intervention phases.
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4.2 TMS: Sites Protocol, and Procedure

In each B phase (i.e., intervention phase) patients received daily treatment sessions for 2
weeks (one session per day; five sessions per week; total of 10 sessions). Each session
included 25 trains consisting of 1 sec of 40 Hz each (40 pulses/train; 1000 total pulses),
with 29 sec inter-train intervals and delivered at 90% of participant’s resting motor
threshold, or with the intensity of 65% of the maximum machine output (for safety
reasons; Figure 4.3 A) using the Magstim Super Rapid2 Plusl Therapy System with a
figure-of-eight coil. The coil was oriented parallel to the midline with the handle pointing
down-ward. Motor threshold (MT) was evaluated at the begging of each treatment week
(two times total) and TMS intensity was adjusted accordingly. MT was defined as the
minimum TMS intensity needed to elicit MEPs of >50uV in five out of 10 trials in the

first dorsal intereosseous muscle.

Stimulation was delivered over the left and right PC on separate days (i.e., one day left
PC and the contralateral PC the following day). The exact stimulation sites were identified
by targeting at the peak voxels that have been previously reported to be activated during
episodic memory tasks. Therefore, the left PC located at the MNI coordinates x=-14, y=-
66, z=56 (Hebscher et al., 2020) and the right PC at x=6, y=-70, z=44 (Kwok et al., 2012;
Ye et al., 2019). The patients underwent an anatomical MRI scan prior to the study and
the exact position of the stimulation coil was guided by the Visor2 TMS neuronavigation
system (Visor2, ANT Neuro, Enschede, Netherlands; Figure 4.3 B). Prior to the
beginning of the TMS sessions, MNI coordinates were inserted into the neuronavigation
system and the most superficial regions closest to the coordinates, that could be accessible
with TMS, were selected. Due to participants’ anatomical differences, the stimulation

sites varied slightly from the initial coordinates.
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Figure 4.3 Stimulation protocol and site
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Note: A. Graphical illustration of the TMS protocol. The stimulation was delivered at 90% of
patients’ resting motor threshold. B. Stimulation site and coil orientation. Stimulation was applied
over the right and left PC using a neuronavigation system to ensure that the same sites were

stimulated across sessions with stable coil orientations.

Assessment of resting motor threshold. Resting motor threshold was established using
single-pulse TMS with a 70 mm figure-eight coil. Surface electromyography (EMG)
leads were placed over the first dorsal interosseous (FDI) muscle of the left hand to
monitor muscle evoked potentials (MEPs). Patients were asked to sit comfortably, with
both arms fully supported on a pillow. Full muscle relaxation was ensured through visual
and online EMG monitoring. The TMS coil was then placed over the primary motor
cortex at the optimal site for obtaining an MEP in the FDI. Single-pulse stimulation at
supra-threshold intensities were applied over the primary motor cortex position for
eliciting an FDI contraction. The stimulation intensity was progressively reduced in 2%
steps until a level was reached below which reliable EMG responses disappear. A reliable

response was defined as a MEP of 50-100 pV occurring in 5 out of 10 consecutive trials.
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4.3 Participants and Research Documentation

In total, two patients with a diagnosis of aMCI, as described by Petersen (2016), were
recruited for the study. An open call was made to the media outlining the aim of the study
and asking for assistance with patient recruitment. Additionally, a flyer advertising the
study was uploaded to the investigators’ social media and the CUT official website and
social media pages (Appendix 3). The flyer was distributed to neurologists and
psychiatrists’ private offices across the city of Limassol as well as in day care centers for
people with dementia. Finally, a collaboration was made between the research team and
certified neurologists who referred their patients who met the inclusion criteria.
Recruitment was on rolling base for 5 months and interested patients and/or carers were
invited for the initial evaluation of the inclusion/exclusion criteria. Participants were
asked to provide a detailed clinical history in the presence of the carer and/or family
member that included demographics, medical history, current health status, current
medication use, education, and employment background. Permission to access this
information was granted through the signed informed consent form (the consent form can

be found here: AD Study - Consent Form).

All the gathered data and personal information were stored at the principal investigator’s
office in a secure cabinet at the rehabilitation clinic. The access was limited to the primary
investigator and the supervisor of the study. The computers used in the study were
password protected. All rooms with computers used in the study were protected by alarm
systems. In addition, the building that houses the offices of the researchers at the CUT
were equipped with anti-theft systems and firefighting equipment. The building was also

protected by a security company during non-working hours.

4.3.1 Inclusion Criteria

To participate in the study patients had to meet all the below inclusion criteria:
o 55 years of age and above.
o Speaking Cypriot-Greek as a first language.

o Diagnosis of aMCI (confirmed by a neurologist and neuropsychological

evaluation).
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o Absence of other medical or psychiatric condition that may induce cognitive

deterioration.
o Score between 30 and 26 on the Mini Mental State Examination.
o Score of 3 on the Global Deterioration Scale (GDS).

o Score bellow 10 (i.e., 0-9) on the Greek version of the Instrumental Activities of

Daily Living (IADL).
o Score no less than 6 on the Basic Activities of Daily Living (BADL).
o Score below 15 on the Geriatric Depression Scale-30 (GDS-30).

o Stable medical and pharmacological condition for at least 2 months prior to the

study.

o Patients under cholinesterase inhibitors medication were included in the study

only if they were taking the medication for more than 2 months prior to the study.
o Visual and hearing abilities within normal range.

o Absence of any clinically significant medical history that may induce cognitive

impairment (psychiatric, neurological, cerebrovascular).
o Willingness to undergo an MRI scan.

o Having a caregiver who will agree to be responsible for their participation

throughout the study.

o Being fully vaccinated for the Covid-19 (first shot and booster dose).

4.3.2 Exclusion Criteria

Patients were excluded from the study if one or more of the below mentioned exclusion

criteria were evident:
o History of excessive alcohol consumption.

o Diagnosis of epilepsy or family history of epilepsy.

116



o Moderate or severe depression as was assessed by the Geriatric Depression Scale

— 30 (score no more than 15).
o Severe loss of hearing or visual ability.
o Medical implants in the head or a pacemaker.
o History of brain injury.
o Previous heart surgery or stroke.
o Under drugs with anticholinergic properties.

o No caregiver who could take the responsibility for their commuting throughout

the study.

o Diagnosis of another neurodegenerative disorder, psychiatric or cerebrovascular

condition.

4.4 Outcome Measures

The primary outcome measures were the changes on episodic memory tasks and measures
of global cognitive function. Episodic memory was evaluated using word learning lists
which are the gold standard neuropsychological tests for evaluating the ability to learn
and recall new information in AD (Albert, 2011). Global cognitive function was
evaluated by the ADAS-cog-12 and the Mini Mental State Examination (MMSE). A
detailed description is discussed below. We hypothesized that the proposed rTMS
protocol delivered bilaterally to the PC would have an effect not only at local, but at
network level as well (Mancini et al., 2017). Therefore, the secondary outcomes were
related to measures of semantic and spatial memory, as well as attention and executive
functions. Bearing in mind the study’s design, which required repeated and constant
evaluations of the targeted behaviors (see Figure 4.2), alternative forms with equal levels
of difficulty were developed for the tests used during the A, B, and follow-up phases. A
detailed description regarding the development of these measures and the measures per-

se is provided in Chapter 3.
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4.4.1 Neuropsychological Evaluation

Patients underwent a neuropsychological evaluation with standardized and well

recognized measures pretreatment (before the baseline phase) and in the follow up phase

(Table 4.1). The purpose was to evaluate the effect of our proposed treatment beyond the

targeted behaviors (Krasny-Pacini & Evans, 2018). Moreover, the participants’ episodic

memory abilities were evaluated with more than one cognitive assessment test (word

learning test & logical memory). The length of each assessment was approximately 120

minutes.

Table 4.1 Neuropsychological assessment battery

Cognitive Domain

Neuropsychological Test

General cognition

Memory

Attention
Working memory
Visuospatial abilities

Executive functions

Cognitive reserve

Neuropsychiatric

symptoms / mood

Quality of life

Mini Mental State Examination (Mougias et al., 2020)
Logical Memory (Wechsler, 2008)

Rey Osterrieth Complex Figure (immediate & delayed recall)
(Osterrieth, 1944)

Trail Making Test A’ (Reitan, 1955)

Digit Span Forward (Wechsler, 2008)

Digit Span Backwards (Wechsler, 2008)

Rey Osterrieth Complex Figure Test (copy)

Verbal Fluency Test (Kosmidis et al., 2004)

Frontal Assessment Battery (Nucci et al., 2012)

Trail Making B’ (Reitan, 1955)

Cognitive Reserve Questionnaire (Nucci et al., 2012)
Neuropsychiatric Inventory (Cummings et al., 1994)
Geriatric Depression Scale — 30 (Fountoulakis et al., 1999)
Beck Anxiety Inventory (Beck et al., 1988)

Quality of Life in Alzheimer’s Disease (Logsdon et al., 1999)

4.4.2 Primary Outcome Measures

Episodic Memory

Word Learning List. Episodic memory during the A, B and follow-up phases was

assessed using a word learning list, which is one of the most well-established tests for
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assessing episodic memory function in patients with early dementia (Beck et al., 2012).
Seventeen alternative and equally difficult word learning lists were developed. Each list
was comprised of 5 low, 5 medium and 4 high frequency words. The assessments
included 3 learning trials, one immediate recall, one delayed recall and a recognition trial.
The recognition task of each form contained the 14 original words and 14 new words with

equal difficulty as the original ones.
Global Cognition

Patients’ global cognitive function was assessed by the standard 11-items ADAS-cog
(Mohs et al., 1997), including the optional delayed recall item, and the MMSE, at

pretreatment, immediately after the end of the treatment and at the follow-up phase.

Alzheimer’s Disease Assessment Scale. The ADAS-cog is considered the gold standard
for the evaluation of antidementia treatments efficacy (Skinner et al., 2012) and it is the
most widely used neuropsychological measure in clinical trials (e.g., Ihl et al., 2012;
Rabey & Dobronevsky, 2016; Rozzini et al., 2007). The ADAS-cog contains 11 items,
including participant-completed tasks and examinee-based observations. As a whole the
test evaluates the cognitive domains of memory, orientation, praxis, and language. The
ADAS-cog was adjusted for the Cypriot population and two alternative and equally
difficult forms were developed for the word recall, the object naming, and the word

recognition subscales.

Mini Mental State Examination. The MMSE is a 30-point simple pen-and-paper
questionnaire that briefly assesses patients’ cognitive status. It was developed by
(Folstein et al., 1975) and since then has been extensively used in clinical and research
settings and has been adjusted and standardized is several countries, including Greece
(Fountoulakis et al., 2016; Mougias et al., 2020). It includes evaluation of orientation to
time and place, verbal memory, concentration/attention, language, visuospatial abilities,
and the ability to understand and follow instructions. It is worth mentioning that while a
high score in the MMSE does not necessarily translate to absence of cognitive impairment
(Arevalo-Rodriguez et al., 2015), it is a useful tool to observe possible changes in research

(Bernard & Goldman, 2010).
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4.4.3 Secondary Outcome Measures

The secondary outcomes during the A, B and the follow-up phases were evaluated using
the bellow mentioned neuropsychological tests. Each test is described in detail in Chapter
3.

Semantic Association Task (SAT). The SAT is a neuropsychological test that evaluates
the multiple levels of semantic knowledge organization (Caputi et al., 2016). Seventeen
alternative and equal in difficulty forms, comprising 15 living and nonliving items, were

developed, and included a verbal and a visuospatial form.

Naming Task. The naming test is a widely used assessment tool that evaluates one’s
ability to visually identify and name objects that are presented printed on white paper.
Seventeen alternative and equal in difficulty forms were used, comprising of 15 living

and nonliving items, to assess patient’s ability to access semantic knowledge

Corsi Block Task (CBT). The CBT is used for the assessment of spatial memory. Using
an algorithm, 17 different task forms, with randomly assigned numbers were created. The
task was started with a small number of two blocks and gradually was increased in length

up to nine blocks.

Trail Making Test A" and B’ (TMT). The TMS was used for attention and executive
function assessment. In each of the 17 forms that were created, the original position of
the cycles (Reitan, 1955) was maintained, however the numbers and letters in the cycles

were randomly assigned.

Collectively, the assessment battery for the targeted behaviors’ evaluation during the
multiple baseline study (i.e., during the A, B, and the follow-up phase; Appendix 4) was

comprised of:
o Word learning task
o Trail making test A" and B’
o Naming test
o Corsi block forward

o Semantic association task
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The tests were administered in the same order within all participants. First, the word
learning list was given followed by the TMT A" & B’, the naming test, the SAT and
finally the CBT. The delayed recall and the recognition task from the word learning task

were administered 25" after the immediate recall tasks.
4.4.4 Qualitative Assessment

To qualitatively evaluate possible changes to patients’ cognitive and emotional function
as well as their ability to function in everyday situations, the ‘Post Study Interview’ (PSI)
questionnaire was developed. The PSI comprised of a patient and a caregiver version and
included questions that aimed to record the thoughts of both the patients and their
caregivers regarding their observations about possible behavioral changes after the study.
Among others, the PSI included the questions ‘Did you observe any change in your ability
to remember new information after the end of the study?’, ‘How is your ability to
participate in a conversation in relation with six months ago (before your participation
in the study?’, ‘Did you observe any change in the way you think after the end of the
study?’ and ‘Did you observe any change in your father’s behavior after the end of the

study?’. The questionnaire was given in the follow up phase.
4.4.5 TMS Therapy: Tolerance Assessment

To evaluate patients’ experience after the 40 Hz rTMS, to monitor for possible discomfort
and therefore to adjust the protocol to every patient but also to investigate whether a more
intense protocol can be developed in the future, the Wong-Baker Faces® Pain Rating

Scale (https://wongbakerfaces.org/) was used. Donna Wong and Connie Baker originally

developed this tool to help children communicate about their pain. The scale uses a series
of faces ranging from a happy face with score 0, which represents the complete absence
of any pain, to a crying face with a score of 10 which represents the worst pain (Figure
4.4). The patients were given the scale after every TMS session and were instructed to

choose the face that best depicted their pain and discomfort during the rTMS application.

A schematic representation of the study’s methodological steps is presented in Table 4.5.
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Figure 4.4 An emoji representation of Wong-Baker scale

Wong-Baker FACES® Pain Rating Scale
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Figure 4.5 Thesis methodology steps

Is 40 Hz rTMS, delivered bilaterally to the PC, effective in mitigating cognitive
dysfunction in aMCI and AD patients?

(In-principal accepted study from the Journal of Neuropsychology; stage 2 manuscript
published on November 10, 2022)

Small country/Population unfamiliarized with participation in clinical trials/No funds
for patients’ transportation from other districts/Families’ hesitation to participate due to
the Covid-19 pandemic/Strict inclusion criteria = Problematic recruitment = Single case
design study: Multiple Baseline Design

Requirement of patients’ systematic cognitive evaluation = Practice effect = Need for
alternative forms, equal in difficulty, for the targeted behaviors’ assessment =
Normative and standardization studies

(September 2020 - August 2021; details in Chapter 3)

Flyers on social media and doctors’ offices/Mouth to mouth/Collaboration with
neurologists and day care centers —> Patients’ eligibility assessment —> Patients
selection (n=8) > MRI, Neuropsychological assessment & pretreatment primary
outcomes evaluation.

(September 2021 — February 2022)

Baseline begins for all patients. Treatment is introduced staggered across time and
patients. The targeted behaviors are being constantly evaluated. Three months after the
end of each patient’s rTMS sessions neuropsychological evaluation and targeted
behaviors evaluation are repeated.

(AB phases: March 21, 2022 — June 15, 2022; Follow-up: August-September 2022)

Analysis conducted according to the recommendations for single-case design studies.
Conclusions about the effectiveness of 40 Hz rTMS in aMCI and AD were extracted.

Note: This flow chart diagrams the steps of this thesis methodology from the conceptualization

to data acquisition and conclusion.
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4.5 Analysis Plan

Inter-assessor agreement was calculated by the percentage agreement (PA) for each phase
on each outcome variable. Minimum acceptable inter-assessor agreement was considered
a range between 0.80 and 0.90 (Hartmann et al., 2004) on at least 20% of all sessions
(Lobo et al., 2017). Two raters, members of the research team, independently marked the
scores of 12 assessment forms (i.e., six from the baseline phases and six from the
treatment phases) previously obtained by a different assessor. The forms included all the

obtained assessment tests.
4.5.1 Visual Analysis

At the first stage of the analysis in order to determine whether there was a functional
relation between the rTMS protocol and the outcome measures, visual analysis was
conducted by examining six features of the single case design graphed data: level, trend,
stability, immediacy of the effect, overlap, and consistency. Each feature was assessed
individually and collectively across phases. Visual analysis was supplemented by
randomization tests and effect size indices methods, to evaluate the magnitude of the
intervention effect and interpret the results in terms of statistical significance. The
collected data were displayed graphically and a within and between phase examination

was performed.

Within-phase examination: Consistency of level, trend and stability within each phase
was examined. The mean score of each variable was used to assess the within phase level,
and trend was evaluated by determining whether the data points were decreasing or
increasing monotonically. In addition to the visual analysis, quantification indices were
used in an attempt to increase internal and external validity. To quantify the within phase
differences in level and thus to identify whether there was substantial increase in the
targeted behaviors, the Percentage Change Index (PCI) was used. The PCI converts the
raw measures into percentages and thus makes the results comparable. Possible changes
in the trend of the within phase were estimated by the least squares regression. Within-
phase stability (or consistency) was assessed by calculating the percentage of data points,
within 15% of the phase mean. Stability criterion was satisfied if 80-90% of data points

fall within a 15% range of the mean.
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Between-phase examination. Subsequently, overlap and immediacy of the effect
between the baseline phases and the intervention phases as well as the consistency
between similar phases were evaluated. The Percentage of Nonoverlapping Data index
(PND) was used to quantify the proportion of data points in the intervention phase that
did not overlap with the baseline phase. A PND above 70 was considered as an indication
of effective intervention, a PND between 50-70 was an indicator of a questionable effect,
whereas a PND below 50 was considered as no observed effect (Scruggs & Mastropieri,
1998). Immediacy of the effect is usually examined by comparing changes in level
between the last three data points of one phase and the three first data points of the next
phase. However, TMS protocol was expected to have a delayed effect and therefore the
immediacy of effect for the intervention phases was examined using the last three data

points instead of the first.

4.5.2 Effect Size Estimation

A number of non-parametric methods are available for analyzing single-case design data.
As each of this method has its advantages and disadvantages sensitivity analyses was
conducted, as it is strongly recommended (Kratochwill et al., 2010). Sensitivity analyses
involves the use of more than one index as indicator of the effect size and then results can
be compared over estimators to investigate whether they yield similar effect.

Accordingly, to estimate the effect size the below indices were calculated and reported:

o Percentage of Data Exceeding the Median (PEM). This is a non-parametric
statistical method for effect size evaluation. The null hypothesis of this index is
that if the treatment has no effect, then the data in the treatment phase will
concentrate around the middle line. The PEM identifies the percentage of data
exceeding the median of the baseline phase. The score ranges from 0 to 1. A PEM
of .7 to .9 reflects moderate effectiveness while score of .90 to 1 reflects a highly
effective treatment. A PEM of less that .7 reflects treatment that is no effective
(Alresheed et al., 2013). To calculate the PEM the total number of data points
(i.e., assessments) that exceeded the baselines’ median were counted and then
were divided by the total number of data points in the treatment phase. For the
PEM calculation only the data points that collected during the treatment phases

were used.
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o Non-overlap of All Pairs (NAP). The NAP was developed to improve upon
existing single-case overlap-based methods, and it is interpreted as the percentage
of data which improve across phases or simply, the present of non-overlapping
data between phases (i.e., baseline and treatment phases) (Parker & Vannest,
2009). The NAP was calculated by the ‘Single-Case research’

(http://singlecaseresearch.org) a web based calculator for single-case design

analysis, developed by Vannest et al. (2016). The corresponding ranges of the
NAP are: 0-.31 weak effect, .32-.84 medium effect and .85-1 large or strong effect.

o The PND and PCI (as described above) indices were also used to evaluate the

treatment’s effect.
4.6 Statistical Analysis

The visual analysis and the effect size indices were followed by non-parametric statistical
analysis in which the patients scores on the MMSE, ADAS-cog and neuropsychological
evaluations were analyzed. The non-parametric equivalent of the paired samples #-test,
the Wilcoxon W, was used to explore whether the patients average scores changed

significantly immediately after the end of the treatment and three months post-treatment.
4.7 Treatment Fidelity

Treatment fidelity was monitored during the study to ensure that the TMS protocol and
the outcome variables assessments were implemented as intended. This allowed us to
truly test the effectiveness of our proposed protocol and therefore the danger to commit
a Type 1 or Type 2 error was eliminated (Krasny-Pacini & Evans, 2018). A checklist was
developed to ensure that all the key elements of the study were implemented as planned.
The assessors and the treatment providers underwent training to ensure their skill
acquisition. During the intervention sessions, a supervisor continuously observed the
procedure to confirm the consistent and accurate administration of the treatment. During
the different phases the patients were closely monitored to identify possible variables that
could influence the effectiveness of the treatment (e.g., changes in the pharmacological

treatment).
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4.8 Protective Measures for Covid-19

All the members of the research team, who were interacting with the patients and/or their
family members were fully vaccinated. Additionally, they took a rapid antigen test twice
per week throughout the study. The equipment used, both for the cognitive assessments
and the rTMS sessions, was carefully sanitized after every use. The patients and their
companions were asked to take a rapid test twice per week, when visiting the clinic for
the rTMS treatment, either by themselves or by a member of the team in the clinic.
Patients were given a box with 10 KN95 type masks to use throughout the rTMS sessions
(1 mask per day). Finally, entrance to the rehabilitation clinic, for the employees, students
and visitors was allowed only with a vaccination certificate and a negative PCR or rapid

antigen test.

4.9 Patients

Two aMCI patients were recruited and completed the study.

Patient #1. The first patient, henceforth referred to as Mrs. A.B., was a 65-year-old
female with 16 years of education and an overall medium level of cognitive reserve
(CRIg=109). Mrs. A.B. has had a diagnosis of aMCI since 2020 (nearly 2 years prior to
her participation in the study). During the time of the study, she was working as a
secondary school teacher. While she was still working and there was an absence of
significant impairment of instrumental activities of her daily living, over the last few
years, she had observed changes in her ability to remember the lectures (that she had
taught in recent years), and she had to prepare extensive notes for each class, something
that was not necessary before. Two episodes where she was confused about how to return
to her house were reported. In addition, 1 year prior to her participation in the study, she
reported an incident in which she could not remember what she had done with her
students’ final exam sheets. Mrs. A.B. was diagnosed with MCI and was treated with
cholinesterase inhibitors and antidepressants to manage depressive symptomatology.
Mrs. A.B. was completely independent; she was driving, she completed her house’s daily
chores the same as before, and she was visiting her mother and sister twice per week. She
had two children and was living with her husband. She reported, and her son confirmed,

no significant difficulties or changes with her sleep patterns (although in the last year, she
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had begun taking a 2-hour nap after school), no alcohol extensive consumption, and no
other significant medical condition. She had been smoking 10—12 cigarettes per day for
the last 20 years. Her history and recent medical testing did not indicate any
cardiovascular risk factors. Her father was diagnosed with AD in his 70s. Mrs. A.B.
reported memory difficulties, which in turn caused her anxiety and depressive
symptomatology. She indicated a lack of energy and consistent fatigue, along with her
memory difficulties, as the most disturbing symptoms. From clinical observation, it
became evident that Mrs. A.B. was an emotional and independent woman; she was
becoming easily overwhelmed and suffering from mental exhaustion (i.e., cognitive
fatigue; Li et al., 2020). The pre-study examination for inclusion criteria evaluation
revealed an unaffected level of independence (through the instrumental activities of daily
living and basic activities of daily living evaluations), a normal score in the MMSE, and
a high, but acceptable, level of depressive symptomatology. The stage of her cognitive
function was estimated at Level 3 in the global deterioration scale (GDS), which
represents a mild cognitive decline, or mild cognitive impairment. Mrs. A.B.’s clinical
characteristics are illustrated in Table 4.2. Mrs. A.B. was randomly allocated to a 2-week

baseline condition.

Patient #2. The second patient, henceforth referred to as Mr. E.C., was a 69-year-old
male, with 16 years of education and an overall medium—high cognitive reserve
(CRIg=127). Mr. E.C. has had the diagnosis of aMCI since 2019 (nearly 3 years prior to
the study). He was a highly motivated, sociable, and energetic person who was still
working as an agent in a well-known and developed insurance company. Mr. E.C. was
working not for subsistence reasons but due to his inner need for being socially energetic
and productive. He did not present any significant impairment in the instrumental
activities of his daily living, but he was experiencing cognitive difficulties that were
observed by himself and his wife. Mr. E.C. had a great level of self-awareness, and he
could indicate his difficulties very accurately. Several incidents of confusion while
driving on well-known streets were reported, along with failing to remember phone
conversations with some of his clients. Recognizing his difficulties, he had adopted

compensatory strategies, such as calendars.

Mr. E.C. was independent and responsible for paying the bills; he was picking up his
grandchildren from school every day, driving across Cyprus for his appointments,

meeting his friends on a weekly basis, and would often invite over his children and friends
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for dinner. Recognizing the changes in his cognitive function and considering how his
diagnosis would affect his independence in the future, he suffered depressive
symptomatology. He was treated with cholinesterase inhibitors, antidepressants, and a
variety of vitamin supplements. The pre-study examination for inclusion criteria
evaluation revealed an unaffected level of independence (through the instrumental
activities of daily living and basic activities of daily living evaluations) and a borderline
score in the MMSE. Mr. E.C. reported some depressive symptoms, but no evidence of
clinical depression was present. His cognitive function stage was estimated at Level 3 in
the GDS, representing a mild cognitive decline, or mild cognitive impairment. His clinical
characteristics are illustrated in Table 4.2. Mr. E.C. was randomly allocated to a 3-week

baseline condition.

Table 4.2 Patient demographic and clinical characteristics

Characteristics A.B. E.C.
Age (years) 65 69
Sex Female Male
Education (years) 16 16
MMSE 28 26
BADL 9 8
IADL 6 6
GDS 3 3
Diagnosis aMCI aMCI
GDS-30 14 7
CRIq 109 127
Baseline week 2 3
rTMS intensity 90% 90%

Note: The table shows patients’ clinical characteristics as evaluated during inclusion criteria
evaluation, the baseline week, and the intensity in which the rTMS protocol was administered to
each patient. MMSE: Mini mental state examination; BADL: Basic activities of daily living;
IADL: Instrumental activities of daily living; GDS: Global deterioration scale; GDS-30: Geriatric

depression scale-30.
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4.10 Adherence to the Study

Both patients completed the study with 100% adherence. The provided schedule that was
given to each one prior to the beginning of the study was followed without any deviation,

both in assessment appointments and treatment sessions.
4.11 TMS Therapy Tolerance and Side Effects

The mean rating on the Wong-Baker FACES pain rating scale was 1.1 for Mrs. A.B. and
1 for Mr. E.C. Both patients indicated no pain or any kind or disturbance during or after
each of their rTMS sessions. Figure 4.6 illustrates the patients’ ratings on the scale. The

patients did not report any side effects during and/or after the rTMS sessions.

Figure 4.6 Illustration of the mean score of both patients on the Wong-Baker FACES

scale

Wong-Baker FACES® Pain Rating Scale
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Note: The red line indicates the mean score of patient ratings. Both patients rated their

rTMS sessions experience as painless and well tolerated.
4.12 Results: Single-Case Data*-Primary Outcomes

4.12.1 Episodic Memory: Immediate Word Recall

Phase characteristics (i.e., mean score and standard deviation of each patient in each
phase) are illustrated in Table 4.3. A schematic representation of the patients’ scores in

immediate word recall during the A, B, and follow-up phases is illustrated in Figure 4.7.

Table 4.3 Phase characteristics for immediate recall

Baseline Treatment
Baseline Number of
condition assessments Mean Mean
Patient (weeks) and on the (SD) Median (SD) Median PCI
total treatment
assessments phase

A.B. 2 (4) 6 16 (1.7) 16 17.5(2.8) 17.5 A 9%
E.C. 3 (6) 6 (1245) 14.5 16.5 (2) 15.5 A 14%

Note: SD: Standard deviation. A: Change indicates behavioral imrovement.

Patient #1 (i.e., Mrs. A.B.): Within-phase examination. The stability criterion was
satisfied in Mrs. A.B.’s scores in both the A and B phases, with all her scores falling
within a 15% range from each phase’s mean. A visual inspection of the phase trend lines
(Figure 4.7) indicates an uptrend after treatment introduction. An increase in her average

level was observed for the total number of recalled words in the three learning trials (on

4 The single-case data refer to the data that were obtained through the alternative test forms during the

baseline, treatment, and follow-up phases (see Figure 4.2 for a visual representation of these data).
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average, 1.5 more words were recalled in the treatment phase). The PCI signified an

increase of 10% in the total recalled words in Phase B, indicating improved performance.

Between-phase examination. The immediacy of the effect was observed in Mrs. A.B.’s
performance. The average of her last three assessments during the baseline phase
increased from 16.3 words to 18.6 words in her last three assessments during the treatment
phase (Figure 4.8). The PND index did not indicate a significant effect of the intervention
(PND=.50, p>.05; 50% of the data points in the treatment phase did not exceed those
from the baseline phase). However, the PEM index showed that 66.5% of the treatment
data exceeded the baseline’s median (PEM=.65).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.68, p>.05).

Patient #2 (i.e., Mr. E.C.): Within-phase examination. Mr. E.C. had unstable
performance in the baseline condition, with only the 66% of his data falling within a 15%
range from the mean. His performance was stable in the treatment phase (100% of his
data fell within a 15% range from the phase’s mean). His unstable performance was also
evident via a visual inspection of the phase trend lines (Figure 4.7). A negative slope was
evident in both phases. However, an increase in his average level was observed for the
total number of recalled words in the three learning trials (on average, two more words
were recalled in the treatment phase). The PCI signified an increase of 12.5% in the total

recall words after treatment introduction, indicating improved performance.

Between-phase examination. A great immediacy of the effect was observed on Mr.
E.C.’s performance. The average of his last three assessments during the baseline phase
increased from 12.5 words to 16 words in his last three assessments during the treatment
phase (Figure 4.8). The PND index did not indicate a significant effect of the intervention
(PND=0, p<.05; none of the data points in the treatment phase exceeded those from the
baseline phase). However, the PEM index showed that 83.5% of the treatment data
exceeded the baseline’s median (PEM=.83), indicating a moderate treatment effect

(Alresheed et al., 2013).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.69, p>.05).
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Figure 4.7 Schematic representation of observations on immediate word recall from

baseline to follow-up between participants

Baseline r'TMS Treatment Follow-up

PCI=A10%
PND=.50
PEM=.65
NAP=.68

20

PCI=A12.5%
n € PND=.00
*PEM=.83
NAP=.68

Total number of recalled words

1 2 3 4 5 6 7 8 9 10 11 12 13

Assessment number

Note: The vertical black lines indicate the start of the subsequent phase. The baseline conditions
began at the same time for both patients, but treatment introduction was staggered across time
and patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage on nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase.
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Figure 4.8 Visual illustration of immediacy of effect in immediate word recall

Baseline rTMS Treatment

M=18.6

10

Total number of recalled words

2 EC

16 M=126

Assessment number

Note: Immediacy of the effect is calculated by comparing changes in the mean level of the last 3
data points (i.e., assessments) of the baseline conditions with the mean level of the last 3 data

points of the treatment conditions. M: mean.
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4.12.2 Episodic Memory: Delayed Word Recall

Phase characteristics are illustrated in Table 4.4. A schematic representation of the
patients’ scores in the delayed word recall during the A’, B’, and follow-up phases is

illustrated in Figure 4.9.

Table 4.4 Phase characteristics for the delayed word recall

Baseline Treatment
Baseline Number of
condition assessments Mean
Patient (weeks) and on the Mean (SD) Median (SD) Median  PCI
total treatment
assessments phase

A.B. 2(4) 6 2.75(0.9) 2.5 3.5(D) 3.5 A27%
E.C. 3(6) 6 1.6 (1) 2 3.5(0.8) 3 A118%

Note: SD: Standard deviation. A: Change indicates behavioral improvement.

Patient #1 (i.e., Mrs. A.B.): Within-phase examination. The stability criterion was
satisfied in Mrs. A.B.’s scores in both the A and B phases, with all of her scores falling
within a 15% range in the A phase and 83.3% in the B phase. While the stability criterion
was satisfied, a visual inspection of the phase trend lines (Figure 4.9) indicated a negative
slope in Phase A, indicating unstable performance. In Phase B, an upward trend is evident,
indicating performance improvement during the treatment phase. An increase in the
average level was observed for the total number of delayed-recall words (on average, 0.75
more words were recalled in the delayed recall in the treatment phase). The PCI signified
an increase of 27% in the total number of delayed-recall words in Phase B, indicating

improved performance.

Between-phase examination. The immediacy of the effect was observed on Mrs. A.B.’s
performance. The average of her last three assessments during the baseline phase
increased from 2.3 to four words in her last three assessments during the treatment phase
(Figure 4.10; 74% improvement). The PND index did not indicate a significant effect of
the intervention (PND=.17, p>.05; 17% of the data points in the treatment phase exceeded
those from the baseline phase). However, the PEM index showed that 83% of treatment
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data exceeded the baseline’s median (PEM=.83), indicating a moderate treatment effect

(Alresheed et al., 2013).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.7, p>.05).

Figure 4.9 Schematic representation of observations of delayed word recall from baseline

to follow-up between participants

Baseline rTMS Treatment Follow-up

AB
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PND=.17
*PEM=.83
NAP=.7

(5]

PCI=A110%
PND=.33
*PEM=1
*NAP=.95

EC

Total number of recalled words

Assessment number

Note: The vertical lines indicate the start of the subsequent phase. The baseline conditions began

at the same time for both patients, but treatment introduction was staggered across time and
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patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage on nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase; *: Significant treatment effect.

Figure 4.10 Visual illustration of immediacy of effect in delayed word recall
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Note: Immediacy of the effect by comparing changes in mean levels of the last 3 data points of

the baseline conditions, with the last 3 of the treatment conditions.
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Patient #2 (i.e., Mr. E.C.): Within-phase examination. The stability criterion was not
satisfied in Mr. E.C.’s scores in the A phase, with only 66% of his score falling within a
15% range of the phase’s mean. After treatment introduction (i.e., phase B), his
performance was stabilized, with all of his data falling within the appropriate range from
the phase’s mean. A visual inspection of the phase trend lines (Figure 4.9) indicated a
negative slope in both phases. However, a significant increase in average level was
observed for the total number of delayed-recall words (on average, two more words were
recalled in the delayed recall in the treatment phase). The PCI signified an increase of

110% in the total number of delayed-recalled words in Phase B.

Between-phase examination. The immediacy of the effect was observed on Mr. E.C.’s
performance. The average of his last three assessments during the baseline phase
increased from one delayed-recall word to three words in his last three assessments during
the treatment phase (Figure 4.10; 200% improvement). The PND index did not indicate
a significant effect of the intervention (PND=.33, p>.05; 33% of the data points in the
treatment phase exceeded those from the baseline phase). However, the PEM index
showed that 100% of treatment data exceeded the baseline’s median (PEM=1), indicating
a highly effective treatment (Alresheed et al., 2013).

The calculated p-value for the NAP estimator provided evidence of a significant treatment
effect NAP=.95, p=.01). It also provided evidence of a significant treatment effect when
both cases’ data were combined (NAP=.84, p=.001), indicating an effective treatment

effect across cases.
4.12.3 Episodic Memory: Recognition

Visual analysis and effect size indices did not provide evidence of differences between

the patients’ performance before compared to after treatment in the recognition task.
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4.13 Results: Single-Case Data - Secondary Qutcomes

4.13.1 Trail Making Test A’

Phase characteristics are illustrated in Table 4.5. A schematic representation of the
patients’ scores in the trail-making test A’ (TMT A’) during the A’, B’, and follow-up

phases is illustrated in Figure 4.11.

Patient #1 (i.e., Mrs. A.B.): Within-phase examination. The stability criterion was not
satisfied in Mrs. A.B.’s scores in either phase, indicating unstable performance. A visual
inspection of the A phase’s trend line (Figure 4.11) indicated a negative slope, which also
demonstrates her unstable performance. As shown in Figure 4.11, in the third assessment,
Mrs. A.B. needed a significant amount of time to complete the task, in relation with the
other assessments. In the B phase, a decrease in the average level was observed (i.e., total
time to complete the task), indicating behavioral improvement. The PCI signified a
decrease of 39% in the time needed to complete the task, indicating improved

performance.

Table 4.5 Phase characteristics for trail making test A'

Baseline Treatment
Baseline Number of
condition assessments Mean Mean
Patient  (weeks) and in the Median Median PCI
(SD) (SD)
total treatment
assessments phase
52
A .B. 2 (4) 6 85 (47) 63 (13) 58.5 A 39%
E.C 3 (6) 6 110 100 54 (14) 58 AS51%

Note: SD: Standard deviation. A: Change indicates behavioral improvement.

Between-phase examination. The immediacy of the effect was observed on Mrs. A.B.’s
performance. The time needed to complete TMT A’ was decreased from 91.3 seconds in
the baseline condition to 54 seconds in her last three assessments during the treatment
phase (Figure 4.12; 41% improvement). The PND index did not indicate a significant
effect of the intervention (PND=.5, p>.05; 50% of the data points in the treatment phase
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exceeded those from the baseline phase). However, the PEM index showed that 83% of
treatment data exceeded the baseline’s median (PEM=.83), indicating a moderate

treatment effect (Alresheed et al., 2013).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.25, p>.05).

140



Figure 4.11 Schematic representation of observations in trail making test A' from baseline

to follow-up between participants
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Note: The vertical lines indicate the start of the subsequent phase. The baseline conditions began
at the same time for both patients, but treatment introduction was staggered across time and
patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage on nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase; *: Significant treatment effect.
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Figure 4.12 Visual illustration of immediacy of effect in trail making test A'
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Note: Immediacy of the effect was calculated by comparing changes in mean levels of the last 3

data points of the baseline conditions, with the last 3 of the treatment conditions.

Patient #2 (i.e., Mr. E.C.): Within-phase examination. As with Mrs. A.B.’s
performance, the stability criterion was not satisfied for Mr. E.C.’s scores in either phase.
A visual inspection of the phase trend lines (Figure 4.11) indicated a negative slope in
both phases. However, a significant decrease in average level was observed for the total

time needed to complete TMT A’ (on average, Mr. E.C. improved his performance by 56
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seconds). The PCI signified a decrease of 51% in the total time needed to complete the

task after the treatment’s introduction, indicating improved performance.

Between-phase examination. The immediacy of the effect was observed on Mr. E.C.’s
performance. The average time of his last three assessments during the baseline phase
decreased by 43 seconds in his last three assessments during the treatment phase (Figure
4.12; 48.5% improvement). The PND index provided evidence of a significant treatment
effect (PND=1, p<.0001; all of the data points in the treatment phase exceeded those from
the baseline phase). Similarly, the PEM index showed that 100% of treatment data
exceeded the baseline’s median (PEM=1), indicating a highly effective treatment

(Alresheed et al., 2013).

The calculated p-value for the NAP estimator provided evidence of a significant treatment

effect (NAP=0, p=.003).

4.13.2 Trail Making Test B’

Phase characteristics are illustrated in Table 4.6. A schematic representation of the
patients’ scores on the trail-making test B’ (TMT B’) during the A, B, and follow-up
phases is illustrated in Figure 4.13.

Table 4.6 Phase characteristics for trail-making test B’

Baseline Treatment
Baseline Number of
condition assessments Mean Mean
Patient (weeks) in the Median Median  PCI
(SD) (SD)
and total treatment
assessments phase
135
A.B. 24 6 134 122.5 (4 115. A 9%
%) (19.5) 3 547 5.5 0
E.C. 3 (6) 6 139 (30) 151.5 111 (23) 107 A20%

Note: SD: Standard deviation. A: Change indicates behavioral improvement
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Figure 4.13 Schematic representation of the observations on the trail-making test B’ from

baseline to follow-up across participants
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Note: The vertical lines indicate the start of the subsequent phase. The baseline conditions began
at the same time for both patients, but treatment introduction was staggered across time and
patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage of nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase; *: Significant treatment effect.
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Patient #1 (i.e., Mrs. A.B.): Within-phase examination. The stability criterion was not
satisfied in Mrs. A.B.’s scores in either phase, indicating lack of stable performance. A
visual inspection of the A phase’s trend line (Figure 4.13) indicated an upward slope,
which shows a deterioration in her performance through time (e.g., more time is needed
to complete the task). After the treatment’s introduction, a negative slope is observed,
indicating behavioral improvement. As Figure 4.13 demonstrates, in the second
assessment during the treatment phase, Mrs. A.B. needed a significant amount of time to
complete the task (the highest in the study), which increased the phase’s average level.
Even in the presence of such a high score, the slope indicates improvement from the
baseline condition. The PCI signified a decrease of 9% in the time needed to complete

the task, indicating improved performance.

Between-phase examination. A great immediacy of the effect was observed on Mrs.
A.B.’s performance. The time needed to complete TMT B’ was decreased from 138.5
seconds in her last three assessments during the baseline condition to 95.5 seconds in her
last three assessments during the treatment phase (Figure 4.14; 31% improvement). The
PND index did not indicate a significant effect of the intervention (PND=.5, p>.05; 50%
of the data points in the treatment phase exceeded those from the baseline phase).
However, the PEM index showed that 83% of treatment data exceeded the baseline’s

median (PEM=.83), indicating a moderate treatment effect (Alresheed et al., 2013).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.25, p>.05).

Patient #2 (i.e., Mr. E.C.): Within-phase examination. The stability criterion was not
satisfied in either phase in Mr. E.C.’s performance. A visual inspection of the phase trend
lines (Figure 4.13) indicated a negative slope in both phases. However, a significant
decrease in average level was observed for the total time needed to complete TMT B’ (on
average, Mr. E.C. improved his performance by 27.5 seconds). The PCI signified a
decrease of 20% in the total time needed to complete the task after the treatment’s

introduction, indicating improved performance.

Between-phase examination. An immediacy of the effect was observed in Mr. E.C.’s
performance. The average time of his last three assessments during the baseline phase

decreased by 23 seconds in his last three assessments during the treatment phase (Figure
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4.14; 19% improvement). The PND index did not provide evidence of a significant
treatment effect (PND=.17, p>.05; 17% of the data points in the treatment phase exceeded
those from the baseline phase). However, the PEM index showed that 100% of treatment
data exceeded the baseline’s median (PEM=1), indicating a highly effective treatment
(Alresheed et al., 2013).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.19, p=.07).

Figure 4.14 Visual illustration of immediacy of effect in trail-making test B’
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Note: Immediacy of the effect by comparing changes in the mean levels of the last 3 data points

of the baseline conditions, with the last 3 of the treatment conditions. M: mean.
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4.13.3 Naming Test

Phase characteristics are illustrated in Table 4.7. A schematic representation of the
patients’ scores on the naming test during the A, B, and follow-up phases is illustrated in

Figure 4.15.

Table 4.7 Phase characteristics for naming test

Baseline Treatment
Baseline Number of
condition assessments Mean Mean
Patient  (weeks) and in the Median Median PCI
(SD) (SD)
total treatment
assessments phase
12.25 13.6
A.B. 2(4 6 12.5 14 Al11%
@ (1.5) (1.3) °
E.C. 3 (6) 6 12 (1.2) 11.5 14 (.7) 14 A 16.5%

Note: SD: Standard deviation. A: Change indicates behavioral improvement.

Patient #1 (i.e., Mrs. A.B.): Within-phase examination. Mrs. A.B.’s performance was
stable throughout the study in the naming task, reaching the stability criterion in both
phases. A visual inspection of both phases’ trend lines (Figure 4.15) indicated an upward
slope. However, an increase in the treatment’s phase level is evident (the correct named
stimulus increased by 1.4 after intervention). The PCI signified an increase of 11% in the

correct named stimulus.

Between-phase examination. An immediacy of the effect was observed in Mrs. A.B.’s
performance. When comparing her last three assessments from the baseline phase with
her last three assessments from the treatment phase, an increase of 2.3 correct named
stimulus is observed (Figure 4.16; 19.5% improvement). The PND index did not indicate
a significant effect of the intervention (PND=.17, p>.05; 17% of the data points in the
treatment phase exceeded those from the baseline phase). The PEM index showed that
66% of treatment data exceeded the baseline’s median (PEM=.66).

The calculated p-value for the NAP estimator did not provide evidence of a significant

treatment effect (NAP=.75, p>.05).

147



Figure 4.15 Schematic representation of observations in naming test from baseline to

follow-up between participants

Baseline rTMS Treatment Follow-up
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Note: The vertical lines indicate the start of the subsequent phase. The baseline conditions began

at the same time for both patients, but treatment introduction was staggered across time and
patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage of nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase; *: Significant treatment effect.
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Figure 4.16 Visual illustration of immediacy of effect in naming test
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Note:

Immediacy of the effect was calculated by comparing changes in mean levels of the last 3 data

points of the baseline conditions, with the last 3 of the treatment conditions.

Patient #2 (i.e., Mr. E.C.): Within-phase examination. The stability criterion was
satisfied in both phases in Mr. E.C.’s performance. A visual inspection of both phases’
trend lines (Figure 4.15) indicated an upward slope. An increase in the treatment’s phase
level was evident (the correct named stimulus increased by 1.8 after intervention). The

PCI signified an increase of 16.5% in the correct named stimulus.
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Between-phase examination. A slight immediacy of the effect was observed on Mr.
E.C.’s performance. A comparison of his last three assessments from the baseline phase
with his last three assessments from the treatment phase indicated an increase of one
correct named stimulus (Figure 4.16; 7.5% improvement). The PND index did not
indicate a significant effect of the intervention (PND=.17, p>.05; 17% of the data points
in the treatment phase exceeded those from the baseline phase). However, the PEM index
showed that all treatment data exceeded the baseline’s median (PEM=1), indicating a

highly effective treatment (Alresheed et al., 2013).

The calculated p-value for the NAP estimator provided evidence of a significant treatment

effect (NAP=.87, p=.03).
4.13.4 Semantic Associations, Corsi Block Tapping Task

Visual analysis and effect size indices did not provide evidence of differences between
the patients’ performance before compared to after treatment in the semantic associations

(verbal and visuo-perceptual forms).
4.14 Global Cognition

Patients’ scores on measures of global cognition are illustrated on Table 4.8. An
immediate treatment effect was evident in both patients in both measures of global
cognition (i.e., MMSE and ADAS-cog). Their performance was found to have further

improved 3 months after the end of treatment.

Table 4.8 Patients performance on measures of general cognition

A.B. E.C.

Tests pre immed post pre immed post
MMSE 28 29 30 26 28 28
ADAS-cog-12 A’ 21.6 13 16 12
ADAS-cog-12 B’ 16.3 10.33

Note: pre: Pretreatment evaluation; immed: Immediately after the end of treatment evaluation;

post: Post-treatment evaluation (i.e., 3 months after the end of treatment).

Mrs. A.B.: During the initial assessment (i.e., pretreatment), Mrs. A.B. received a scored

of 28 on the MMSE, failing to recall one word and to follow one command. Immediately

150



after the treatment, she improved her performance by following all commands, but she
was not able to recall all words (score: 29). Three months after the end of treatment (i.e.,

post-treatment), Mrs. A.B. further improved, her performance recalling all words (score:

30).

At pretreatment, she scored 21.6 on the ADAS-cog. She presented difficulties in word
recall (she failed to recall 4.6 of the 10 presented words on average) and delayed word
recall (she failed to recall seven of the 10 words), and in the recognition trial, she
incorrectly recognized eight words. Immediately after the end of treatment, she improved
her performance in the recognition trial (she mistakenly recognized four words); she
failed to recall 4.3 words in the immediate word recall on average and performed correctly
all steps in the ideation praxis (total score 16.3). At the follow-up condition, she was
found to have further improved; she scored 13 total points. Her recognition was improved
(only one mistake was made), she recalled on average four out of the 10 presented words
in the immediate recall on average, and she constructed the cube correctly. However, she
was able to remember only two words on the delayed word recall. Figure 4.17

demonstrates Mrs. A.B.’s scores throughout the study.

Figure 4.17 Schematic representation of Mrs. A.B.’s performance on measures of global

cognition
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Mr. E.C.: During the initial assessment (i.e., pretreatment), Mr. E.C. scored 26 points on

the MMSE. He failed to recall two out of the three presented words, and he failed to
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indicate the season and to follow all commands correctly. Immediately after the end of
treatment, he improved his performance, scoring 28 total points. The missing points were
from the word recall. The same performance, with two mistakes in the words recall task,

was observed at follow-up.

At the initial ADAS-cog examination, Mr. E.C. scored 16 total points. He failed to recall
five words in the immediate word recall on average, he did not remember six out the 10
words in the delayed recall, he mistakenly recognized three words in the recognition trial,
he failed to indicate the season of the year, and he failed to correctly name two items and
two fingers. Immediately after treatment, he significantly improved his performance,
scoring 10.33 total points. Here, he failed to immediately recall 5.33 words, he forgot four
words in the delayed word recall, and he mistakenly recognized one word. At follow-up,
he was found to have improved (score=12) in relation to pretreatment. He immediately
recalled five words, and in the delayed recall, he forgot six words and mistakenly

recognized one. Figure 4.18 demonstrates Mr. E.C.’s scores throughout the study.

Figure 4.18 Schematic representation of Mr. E.C.’s performance on measures of global

cognition
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4.14.1 Average Global Cognition Scores

Average scores on measures of global cognition indicate an overall improvement after
rTMS intervention (Figure 4.19). The patients’ performance on the ADAS-cog improved
between pretreatment (M=18.8) and immediately after the end of treatment (M=13.3) by
30%, and it further improved 3 months after the end of treatment (M=12.5). Similarly,
the patients’ performance on the MMSE improved between pretreatment (M=27) and
immediately after the end of treatment (M=28.5) by 1.5 points, which was maintained at

follow-up (M=29).

Figure 4.19 Schematic representation of ADAS-cog and MMSE mean scores at

pretreatment, post-treatment, and follow-up
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Note: The ADAS-cog score is based on errors made in each subtest. The highest score (i.e., 80)
indicates severe impairment, while the least impairment is indicated by the minimum score (i.e.,
0). Therefore, a drop in score indicates cognitive improvement. Pre: Pretreatment; immed:
Immediately after the end of treatment; Post: Follow-up phase. In the MMSE, an increase of the

score indicates behavioral improvement.
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4.15 Neuropsychological Assessments

Patients’ raw scores on the two neuropsychological evaluations are presented in Table

4.9. The PCI index was used to quantify the change between the two assessments.
Mrs. A.B.

Cognitive profile: In relation to her pretreatment performance, Mrs. A.B. recalled one
more item in the immediate recall of the logical memory task (7.5% improvement), while
her ability to recognize the previously learned items improved by 40% (she correctly
recognized four more items from the story). This finding aligns with her performance in
the ADAS-cog, where her recognition ability was improved by 87.5% at follow-up. In
contrast, her ability to recall what had happened in the stories after a 30-minute interval
was reduced by 22% (one less item was recalled). As indicated in the single-case data,
her performance improved in TMT A’, where she needed 5.7 seconds less to complete
the task (19% improvement). The effect was more significant in TMT B’, where she
improved her performance by 51% (nearly 2 minutes faster; Figure 4.20). Her processing

speed improved at follow-up, where she presented a 16% improvement.

Figure 4.20 Patients' scores in TMT A' and B'

Trail Making Test A' Trail Making Test B'
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Note: The scores in TMT A" and B’ signify the total time needed to complete the tasks, and thus

a reduction in the time indicates behavioral improvement. Pre: Pretreatment evaluation.
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Table 4.9 Patients’ raw scores on neuropsychological assessment at pre-treatment and

follow-up
A.B. E.C.
Cognitive Neuropsychological Follow- PCI Follow-  PCI
. Pre Pre
Domain test up % up %
Logical memory
Immediate recall 13.5 145 aA75| 10.5 20.5 A95
Delayed recall 4.5 3.5 v22 1 5 4400
Memory Recognition 10 14 440 6 8 A33
Rey Osterrieth complex figure
Immediate recall 4 5 A25 4 4 -
Delayed recall 4 4 - 3 3 -
Attention Trail making test A’ 30 2437 al9 | 1127 517 A54
Digit span forward 7 7 - 8 7 vl2
. Symbol digit
Processing speed Modalities test 32 37 Al6 14 24 A100
Working memory | Digit span backwards 6 6 - 8 7 12
Visuospatial ey Qi
Uosp . complex figure test - 31 32 A3 32 32 -
abilities/praxis
copy
Phonological verbal 40 47 a5 29 24 vl7
) fluency
Executive Frontal assessment
functions b 17 18 A6 17 17 -
attery
Trail making test B 2247 109"  a51 | 2107 1227 A42
Geriatric depression 14 3 3 7 4 3
Scale-30
Mood/psychiatric Beck anxiety 5 3 240 1 4 a64
symptoms mventory
Neuropsychlatrlc 3 3 .62 4 1 75
inventory
QoL in AD, patients’
12 2
Ouality of life form 34 38 A 45 46 A
7 .
(Qol) QoL in AD, 34 37 a9 | 37 40 a8

caregivers’ form

Note: The table shows the raw scores of patients’ performance, obtained by neuropsychological

testing before the study and 3 months after the 2-week TMS intervention. The interval between

the two neuropsychological assessments was 24 weeks for Mr. E.C. and 23 for Mrs. A.B. PCI:

Percentage of change index; v Shows that the observed change led to a reduction of the behavior;

A Shows that the observed change improved the behavior.

Mood/psychiatric symptoms: Mrs. A.B.’s profile at retest was characterized by a

significant reduction of her depressive and neuropsychiatric symptoms (Figure 4.21).

Specifically, in relation with her pretreatment scores in the GDS-30, a reduction of 8

155



points was observed. In addition, at retest, Mrs. A.B. reported to experience fewer anxiety
symptoms (a reduction of 2 points in the Beck anxiety inventory). These changes were
also reported by Mrs. A.B.’s caregiver, who indicated an alleviation in depression and
anxiety symptomatology in the neuropsychiatric inventory questionnaire (a reduction in

both the severity and frequency of both domains).

Figure 4.21 Schematic representation of Mrs. A.B.’s scores in mood and psychiatric

evaluation at pretreatment and follow-up
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Note: A drop in the total score in all three tests signifies symptom alleviation. GDS: Geriatric

depression scale; BAI: Beck anxiety inventory; NPI: Neuropsychiatric inventory.

Quality of life: The evaluation of Mrs. A.B.’s quality of life indicated improvements, as
reported by both Mrs. A.B. and her caregiver. In her initial evaluation, Mrs. A.B. had not
rated any item as excellent. At retest, she reported her living situation, her relationship
with her family members and her friends, and her financial situation as excellent. At
retest, her caregiver reported improvements in her energy levels, her mood, her memory,

and her ability to do things for fun.

Post-study interview: From the clinical observation, a significant improvement in her
mood was evident. In contrast with her initial evaluation, at retest, Mrs. A.B. was
cheerful, she had energy to discuss irrelevant things, and her commitment in the

evaluation was improved. Her mental fatigue, which had been characteristic in the first
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evaluation, was still evident but noticeably alleviated. In the interview, she reported that
her family had noticed a significant change in her behavior, something that was evident
to her. Specifically, she reported ,“I feel more clarity; it is like I had a cloud in my mind
and know it’s gone.” Her son reported that her mood was significantly improved, that she
was able to remember small things, such as what she had eaten or where she had put her

keys, and that in general, she was “faster” in her daily living.

Treatment fidelity: Two weeks before the second neuropsychological evaluation, Mrs.
A.B. had finished with her job responsibilities, as the schools had closed for summer
break. This change could influence her mental status and explain the observed
improvements in her cognition and mood. Her son, however, stated that the observed

changes were not evident during Christmas or Easter breaks.
Mr. E.C.

Cognitive profile: In relation to his pretreatment performance, Mr. E.C. recalled 10 more
items in the immediate recall of the logical memory task (100% improvement), while his
ability to recognize the previously learned items was improved by 33% (he correctly
recognized 2 more items from the story). As with Mrs. A.B., this finding aligns with his
performance in the ADAS-cog, where his recognition ability was improved by 66% at
follow-up. Notably, his ability to recall what had happened in the stories, after an interval
of 30 minutes, was improved significantly (four more items were recalled). As indicated
in the single-case data, his performance was improved on TMT A’, where he needed
approximately half the time to complete the task, in comparison with his pretreatment
performance (54% improvement). The effect was the same on TMT B’, where he
improved his performance by 42% (Figure 4.20). His processing speed ability was

notably improved; he substituted 10 more digits in contrast with his first evaluation.

Mood/psychiatric symptoms: Mr. E.C.’s profile at retest presented identical
improvements with Mrs. A.B.’s and was characterized by a significant reduction of his
depressive and neuropsychiatric symptoms (Figure 4.22). Specifically, in relation with
his pretreatment scores in the GDS-30, a reduction of 3 points was observed. In addition,
at retest, Mr. E.C. reported the experience of fewer anxiety symptoms (a reduction of 6
points in the Beck anxiety inventory). These changes were also reported by Mr. E.C.’s

caregiver, who indicated an alleviation in the frequency of his depressive
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symptomatology and improvement on the anxiety and irritability items in the

neuropsychiatric inventory questionnaire.

Figure 4.22 Schematic representation of Mr. E.C.’s scores in mood and psychiatric

evaluation at pretreatment and follow-up
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Note: A drop in the total score in all three tests signifies symptom alleviation. GDS: Geriatric

depression scale; BAI: Beck anxiety inventory; NPI: Neuropsychiatric inventory.

Quality of life: The evaluation of Mr. E.C.’s quality of life indicated improvement, as
reported by both Mr. E.C. and his caregiver. In his initial evaluation, Mr. E.C. had rated
most of the questioner’s items as excellent, with only the memory item rated as poor. At
retest, Mr. E.C. rated his memory abilities as fair, indicating an improvement. At retest,
his caregiver reported improvements in his ability to do things for fun, and in his

relationship with his wife and friends.

Post-study interview: From the clinical observation, a significant improvement in his
mood was evident. While in his first evaluation, he was emotional and sensitive when he
described his difficulties, at retest, he was found to be relaxed and calm. In the interview,
he reported improvements in his memory, mood, and balance. His wife stated that his

memory difficulties were stable and that she had not observed any improvements in his
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daily living. She noticed, however, improvements in his concentration, ability to read

books and watch television, and irritability and anxiety symptoms.

Treatment fidelity: No variable that could affect Mr. E.C.’s performance throughout the

study was observed.

4.15.1 Total Effect of Treatment in a8MCI Patients

The neuropsychological evaluations indicated cognitive improvements in aMCI patients
3 months after the end of rTMS intervention. The average scores of the patients’
performance on TMT A’ improved between pretreatment (M=71 seconds) and follow-up
(M=37.65 seconds) by 47%. Similarly, the patients’ performance on TMT B’ improved
between pretreatment (M=127 seconds) and follow-up (M=66.65) by 47.5% (Figure
4.23A).

The average scores of the patients’ performance on the immediate recall of the logical
memory test improved between pretreatment (M=12 items) and follow-up (M=17.5
items) by 46%. The patients’ performance in delayed recall improved between
pretreatment (M=8 items) and follow-up (M=11 items) by 37.5%. Patients’ performance
on the recognition task improved between pretreatment (M=2.75 items) and follow-up

(M=4.75) by 72.7% (Figure 4.23 B).

The neuropsychological evaluations indicated improvements in the mood and psychiatric
symptoms in the aMCI patients 3 months after the end of rTMS intervention. The average
scores of patients on the GDS decreased between pretreatment (M=10.5) and follow-up
(M=6) by 43%. Patient performance on the BAI decreased between pretreatment (M=S8)
and follow-up (M=3.5) by 56%. Patients’ neuropsychiatric symptomatology decreased
between pretreatment (M=6) and follow-up (M=2) by 66% (Figure 4.24 A).
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Figure 4.23 Schematic representation of TMT A’, B, and logical memory average scores

at pretreatment and follow-up
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Note: A. Patients’ average scores on TMT A’and B’. B. Patients” average scores on the logical

memory task. The score on the recognition task signifies the total correct recognized items. TMT

A: Trail-making test A; TMT B: Trail-making test B. Immediate: Immediate word recall; Delay:

Delayed word recall.

Finally, the mean scores for the self-rated quality of life improved from the pretreatment

(M=39.5) to follow-up (M=42) by 6%. Approximately the equal amount of improvement

indicated by the caregivers’ ratings (an improvement of 8.5%; Figure 4.25 B).

Figure 4.25 demonstrates the overall percentage of change, from the pretreatment

neuropsychological evaluation to the follow-up evaluation, on each task.
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Figure 4.24 Schematic representation of patients’ average scores in mood,

neuropsychiatric symptoms, and quality-of-life measures at pretreatment and follow-up
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Figure 4.25 Overall percentage of change in aMCI patients from pretreatment to follow-
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Note: QoLc: Quality of life, caregivers’ form; QoLs: Quality of life, self-rated form; NPI:
Neuropsychiatric inventory; BAI: Beck anxiety inventory; GDS: Geriatric depression scale;
SDMT: Symbol digit modalities test; TMT A: Trail-making test A; TMT B: Trail-making test B;

MMSE: Mini mental state examination; ADAS-cog: Alzheimer’s disease assessment scale.

4.16 Chapter Summary

The aim of this study was to investigate the efficacy of 40 Hz rTMS, delivered bilaterally
to the precuneus, in mitigating cognitive dysfunction in patients with aMCI. The results
supported the hypothesis that gamma frequency precuneus stimulation would have a wide
effect on patients’ cognitive function. The obtained single-case data indicated
improvement in both patients’ episodic memory (immediate and delayed recall),
attention, and executive functions. No effects were observed in patients’ recognition
abilities, visual memory, and semantic associations. An immediate treatment effect was
observed in both patients” ADAS-cog scores, which was maintained and further improved
3 months post-treatment. The data from the neuropsychological evaluations revealed a
wide and positive effect in both patients’ cognitive and emotional function. Both patients
presented improvement in episodic memory, attention, executive functions and a
remarkable alleviation of their depressive, anxiety, and neuropsychiatric symptoms.
Importantly, the TMS treatment was safe—no side effects were reported—and highly
tolerable. The results of this study provided preliminary evidence for the efficacy and
safety of a novel non-pharmacological treatment, using gamma-band TMS, in addressing
cognitive dysfunction and psychiatric symptoms in aMCI. A key question that needs to
be addressed is whether gamma-band stimulation would also be effective in improving
cognitive function in patients who have entered the AD continuum. Addressing this
question is important to identify whether such an intervention could be useful in demented

patients, or its effect is limited in the pre-dementia stage (i.e., MCI).
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Chapter 5 Effects of 40 Hz Precuneus rTMS in
Mild- to-Moderate AD?

The study presented in the previous chapter provided evidence that 40 Hz rTMS is a safe
and effective intervention for improving aMCI patients’ cognitive and mental status. This
chapter presents a single-case study aiming to identify whether a similar effect would be
observed in patients with mild-to-moderate AD. A randomized, concurrent, multiple
baseline design study was employed, and the same methodology as described in Chapter
4 was applied. The only deviations related to the inclusion criteria, which were amended
to include the diagnosis of probable AD, and the number of the AB phases repetitions,
which increased due to a larger sample. The effects of 40 Hz rTMS in AD patients, as
well as the overall effect of the gamma-band treatment in all patients who participated in

both studies (i.e., aMCI and AD), are also presented in this chapter.
5.1 Methods

5.1.1 Experimental Design

A single-case, randomized, concurrent, multiple baseline design, across six patients with

probable AD was employed (Krasny-Pacini & Evans, 2018). The baseline phases

3 To ensure the highest possible standards and to be transparent about our research processes, the study was
submitted in the Journal of Neuropsychology as a pre-registered report. Our proposed methods and analyses
were peer-reviewed prior to the data collection and analyses. The study was in-principle accepted and all
the proposed methods and analyses were conducted based on the initial accepted plan without deviations.
The stage-two manuscript was published in the Journal of Neuropsychology as: Traikapi, A., Kalli, 1.,
Kyriakou, A., Stylianou, E., Symeou, R. T., Kardama, A., Christou, Y. P., Phylactou, P., & Konstantinou,
N. (2022). Episodic memory effects of gamma frequency precuneus transcranial magnetic stimulation in
Alzheimer’s disease: A randomized multiple baseline design. Journal of Neuropsychology.

https://doi.org/10.1111/jnp.12299
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comprised five experimental conditions characterized by the length of their periods: one
(W1), two (W2), three (W3), four (W4) and five-week (W5s) baseline periods. The six
patients were randomly allocated to the experimental conditions. Two patients were
allocated to the one-week baseline and each of the other patients to one of the remaining
four. After the end of each experimental condition patients received a two-week gamma
frequency TMS treatment. The targeted behaviors were systematically evaluated
throughout the study. Specifically, they were evaluated at: (1) pretreatment, (2) treatment,
(3) post-treatment and, (4) three months post-treatment. A schematic representation of

the study’s design and timeline is illustrated in Figure 5.1.

Baseline phases. Five baseline phases of different length were implemented (i.e., one to
five weeks; W1-Ws). The targeted behaviors were evaluated two times per week except
for the participants in the one-week condition who were evaluated three times in order to
meet evidence standards, which require at least three assessments on each phase.
Therefore, the patients in the one-week baseline were evaluated three times, the patient
in the two-week baseline condition was evaluated four times, the patient in the three-week

condition six times etc. Each assessment session lasted between 30 and 40 minutes.

Intervention phases. Patients underwent a two-week TMS intervention immediately after
the end of their experimental baseline condition. The TMS sessions were being delivered
daily (Monday to Friday) for a total of 10 TMS sessions. The targeted behaviors were
assessed six times in total. As a delayed effect was expected from the TMS treatment
(e.g., Cotelli et al., 2011), the data collection started one week after the beginning of the
intervention. Therefore, two assessments were conducted during the treatment phase and

four post-treatment (two assessments/week; see Figure 5.1).

Follow-up phase: The targeted behaviors were assessed again three months after the end

of the intervention phases.
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Figure 5.1 Schematic representation of the study’s design and timeline
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Note: The patients underwent neuropsychological evaluation before the beginning of the
study and three months after the end of the rTMS intervention (i.e., follow-up). The
targeted behaviors were repeatedly and systematically measured throughout the AB
phases (i.e., single-case data). During the AB and the follow-up phases, the targeted

behaviors were assessed: in the Wi condition 10 times, in the W> 11 times, in the W3 13

times, in the W4 15 times and in the W5 17 times. Each % on the figure represents a

neuropsychological evaluation. Each X represents one targeted behavior assessment.
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Each ¢ represents the time point of the primary measures assessment using the ADAS-

cog and the MMSE.

5.1.2 TMS: Sites Protocol, and Procedures

The stimulation protocol, the targeted cortical areas, as well as the procedures that were
followed throughout the TMS intervention were the same as those described in Chapter
4. Therefore, the patients received daily treatment sessions for 2 weeks (one session per
day; five sessions per week; a total of 10 sessions). Each session included 25 trains
consisting of 1 sec of 40 Hz each (40 pulses/train; 1000 total pulses), with 29 sec inter-
train intervals and delivered at 90% of participant’s resting motor threshold, or with the
intensity of 65% of the maximum machine output (for safety reasons) using the Magstim

Super Rapid2 Plus1 Therapy System with a figure-of-eight coil.
5.1.3 Sample and Inclusion Criteria

Six patients with a diagnosis of probable AD, according to the NIA-AA criteria
(McKhann et al., 20211), were recruited for the study. A diagnostic protocol was
implemented in order to verify the presence of AD and eliminate other possible conditions
that may induce dementia. The diagnosis was provided by certified neurologists and
supported by neuropsychological assessments. The patients and families were provided
with all the study’s information and asked to provide written informed consent. Patients
were asked to provide a detailed clinical history in the presence of the carer and/or family
member that included demographics, medical history, current health status, current
medication use, education, and employment background. Permission to access this
information was granted through the signed Informed Consent form.

To participate in this study patients had to meet all the below inclusion criteria:
o 55 years of age and above.
o Speaking Cypriot-Greek as a first language.

o Diagnosis of Probable AD.

o Absence of other medical or psychiatric condition that may induce cognitive

deterioration.

o Score between 25 and 15 on the Mini Mental State Examination.
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Score between 4 and 6 on the Global Deterioration Scale (GDS).

Score between 10 and 24 on the Greek version of the Instrumental Activities of

Daily Living (IADL).
Score no less than 5 on the Basic Activities of Daily Living (BADL).
Score below 15 on the Geriatric Depression Scale-30 (GDS-30).

Stable medical and pharmacological condition for at least 2 months prior to the

study.

Patients under cholinesterase inhibitors medication were included in the study

only if they were taking the medication for more than 2 months prior to the study.
Visual and hearing abilities within normal range.

Absence of any clinically significant medical history that may induce cognitive

impairment (psychiatric, neurological, cerebrovascular).
Willingness to undergo an MRI scan.

Having a caregiver who will agree to be responsible for their participation

throughout the study.

Being fully vaccinated for the Covid-19 (first shot and booster dose).

5.1.4 Exclusion Criteria

Patients were excluded from the study if one or more of the below mentioned exclusion

criteria were evident:

o

o

History of excessive alcohol consumption.
Under psychoactive medication within the past two months.
Diagnosis of epilepsy or family history of epilepsy.

Moderate or severe depression as was assessed by the Geriatric Depression Scale

— 30 (score no more than 15).
Severe loss of hearing or visual ability.
Medical implants in the head or a pacemaker.

History of brain injury.
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o Previous heart surgery or stroke.
o Under drugs with anticholinergic properties.

o No caregiver who could take the responsibility for their commuting throughout

the study.

o Diagnosis of another neurodegenerative disorder, psychiatric or cerebrovascular

condition.
5.1.5 Outcome Measures

The primary and secondary outcomes in this study were the same as those described in
detail in Chapter 4. Therefore, the primary outcomes were the changes on episodic
memory tasks and in measures of global cognitive function. The secondary outcomes
were related to measures of semantic and spatial memory, as well as attention and

executive functions.

In addition, the patients underwent a neuropsychological evaluation with standardized
and well recognized measures pretreatment (before the baseline phase) and in the follow
up phase (Figure 5.1; the same neuropsychological test battery, as in the MCI study, was
used). The Post Study Interview was used to qualitatively evaluate possible changes to
patients’ cognitive and emotional function as well as their ability to function in everyday
situations. Finally, the Wong-Baker Faces® Pain Rating was used to evaluate patients’
experience after the 40 Hz rTMS, to monitor for possible discomfort and therefore to

adjust the protocol to every patient.
5.1.6 Analyses Plan

The same analyses plan, as in the MCI study (Chapter 4), was implemented. Therefore,
visual analysis was used to determine whether there was a functional relation between the
rTMS protocol and the outcome measures. The effect size indices (1) Percentage of Data
Exceeding the Median (PEM), and (2) Non-overlap of All Pairs (NAP) were used to

evaluate the treatment’s effect.
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5.2 Patients

All patients passed the inclusion criteria checklist (Appendix 7). Table 5.1 presents the
patients’ clinical characteristics, their baseline allocation, and the intensity with which

the treatment was administered to each of them.

Patient #1 (Mrs. M.X.) was a 75-year-old female with 6 years of education and an overall
cognitive reserve at the medium level (CRIq=87). Specifically, her education fell on the
medium level, while her working activity and leisure time total scores fell on the
medium—low level. She was a retired dressmaker who was diagnosed with AD nearly 3
years prior to her participation in the study. Mrs. M.X. lived with her husband and had
two children. Her history and recent medical testing did not indicate any cardiovascular
risk factors or other significant medical conditions. Her daughter reported that her mother
suffered from memory difficulties (i.e., she forgot conversations she had had with her
children, plans she had, or to take her medications), and she had lost her desire to
participate in any kind of social events or go outside the house. Her husband stated that
her memory difficulties were observable in her everyday living and that she was afraid of
what others might think about her, so she refused to participate in family dinners or
gatherings. Mrs. M.X. was treated with cholinesterase inhibitors and antidepressants to
manage depressive symptomatology. The IADL, which was reported by her husband,
indicated mild dysfunction (score=17), with the most affected instrumental activities
being her ability to shop without assistance, to manage her finances, to be responsible for
her own medication, and to travel alone. Her independence in the ADLs was unaffected.
While the patient did not report any depressive symptomatology (GDS-30=3), it was
evident from clinical observation and interviews that her responses did not represent her
actual mood state. The stage of her cognitive function was estimated at Level 4 in the
GDS, which represents a moderate cognitive decline, or mild dementia. Mrs. M.X.
clinical characteristics are illustrated in Table 5.1. She was randomly allocated to the 1-

week baseline condition.

Patient #2 (Mrs. P.K.) was a 74-year-old female with 15 years of education and an
overall medium level of cognitive reserve (CRIq=98). Mrs. P.K. was a retired secretary
with a diagnosis of AD for almost 7 years. She had a son and three grandchildren and

lived with a housekeeper who was responsible for her safety and daily living. Her son
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reported severe cognitive impairment, which resulted in her inability to live alone a few
years prior. Two decades ago, she had lost her daughter from cancer, and more recently,
her husband. Her medical history revealed hypothyroidism, which however was well
managed through medication. No evidence of any cardiovascular risk factors, excessive
alcohol consumption, or the presence of other significant medical conditions was
indicated. Mrs. P.K. had suffered from depression after the loss of her daughter and been
treated with antidepressants to manage depressive symptomatology. Currently, she was
treated with cholinesterase inhibiting antipsychotic, and antidepressant drugs. When
entering the study, she was not able to survive without assistance, and she could not recall
major relevant aspects of her current life (her address or telephone number), but she was
able to recall her family members’ names and provide nearly accurate instructions of how
to navigate around her living area. The IADL, which was reported by her son, indicated
moderate dysfunction (score=23; borderline with severe dysfunction), with most
instrumental activities being affected. Her independence in the basic activities of daily
living was unaffected (ADL=6). Mrs. P.K. reported mild depressive symptomatology
(GDS-30-9). The stage of her cognitive function was estimated at Level 5 in the GDS,
which represents a moderately severe cognitive decline, or moderate dementia. Mrs. P.K.
clinical characteristics are illustrated in Table 5.1. She was randomly allocated to the 2-

week baseline condition.

Patient #3 (Mr. A.P.) was a 68-year-old male with 6 years of school education and a
medium overall cognitive reserve level (CRIg=104). While his education was classified
under the medium—low level, he was a hardworking man, with numerus hobbies (working
activity=medium and leisure time=medium-high level). He was a retired worker and
lived with his wife. He was diagnosed with AD 2 years prior to his participation in the
study. His history and recent medical testing did not indicate any cardiovascular risk
factors or other significant medical conditions. His wife reported changes in his ability to
remember small things, such as which road to take, what he had done the day before, or
to take his medicine, which in turn affected his independence and mood. Mr. A.P. was
aware of the changes to his mental status and was concerned about his future. He was
treated with cholinesterase inhibitors and antidepressants to manage depressive
symptomatology. The TADL, which was reported by his wife, indicated very mild
dysfunction (score=10), with the most affected instrumental activities being his ability to

perform light daily tasks and to use the telephone. He was able to manage activities such
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as finances and transportation; however, his family reported changes from his previous
level of autonomy. His independence in basic ADLs was unaffected. Mr. A.P. reported
depressive symptomatology (GDS-30=11). The stage of his cognitive function was
estimated at Level 4 in the GDS, which represents a moderate cognitive decline, or mild
dementia. His clinical characteristics are illustrated in Table 5.1. Mr. M.P. was randomly

allocated to the 3-week baseline condition.

Table 5.1 Patient characteristics

Note: F: Female; M: Male; MMSE: Mini mental state examination; BADL: Basic activities of
daily living; IADL: Instrumental activities of daily living; GDS: Global deterioration scale; GDS-
30: Geriatric depression scale-30; AD: Alzheimer’s disease; Mi.D.: Mild dementia; Mo.D.:

Moderate dementia; MS.D.: Moderate—severe dementia. CRIq: Cognitive reserve index

Patients
Characteristic ! 2 . 4 > 0
Age (years) 75 74 68 58 75 71
Sex F F M F M M
Education (years) 6 15 6 16 16 18
MMSE 22 13 18 21 19 15
BADL 6 6 6 6 5.5 6
IADL 17 23 10 20 23 24
GDS 4 5 4 4 5 6
AD stage Mi.D. Mo.D. Mi.D. Mi.D. Mo.D. MS.D.
GDS-30 3 9 11 2 7 0
CRIq 87 98 104 112 109 119
Baseline week 1 2 3 4 5 1
rTMS intensity 90% 90% 90% 80% 90% 90%
questionnaire

Patient #4 (Mrs. T.P.) was a 58-year-old female who had been experiencing memory
difficulties 2 years prior to her participation in the study. At the time of her participation,
she had received the diagnosis of familial AD. Mrs. T.P. had 16 years of education and a
medium overall level of cognitive reserve (CRIq=112). She was an active physical
education teacher; however, due to her cognitive difficulties, she was under a medical

leave. She did not report changes in her sleep patterns or excessive alcohol consumption,
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and she had smoked for 2 years in the past. Her medical history and recent testing did not
indicate the presence of other significant medical conditions. In her family history, her
father had experienced cognitive dysfunction in his 70s without taking a dementia
diagnosis. Her husband reported difficulties in her memory, which reduced her
independence. She was conscious and anxious about her difficulties and treated with
cholinesterase inhibitors. The TADL, which was reported by her husband, indicated
moderate dysfunction (score=20), with the most affected instrumental activities being her
ability to perform light daily tasks, prepare meals, shop on her own, travel without
company and manage financial matters. Her independence in basic ADLs was unaffected.
She did not report depressive symptomatology (GDS-30=2). The stage of her cognitive
function was estimated at Level 4, which represents a moderate cognitive decline, or mild
dementia. Mrs. T.P. clinical characteristics are illustrated in Table 5.1. She was randomly

allocated to the 4-week baseline condition.

Patient #5 (Mr. A.L) was a 75-year-old male with 16 years of education and an overall
medium level of cognitive reserve (CRIg=109). He was a retired tax officer living with
his wife. At the time of the study, he had been living with an AD diagnosis for nearly 5
years. His wife reported the absence of any significant medical history and the presence
of substantial cognitive dysfunction, which reduced his independence. Mr. A.l. was
unable to recall major aspects of his current life (e.g., his telephone number or address),
but he was able to name his family members and discuss major current events when asked.
He was partially disoriented in terms of time. He was treated with cholinesterase
inhibitors. The TADL, which was reported by his wife, indicated moderate dysfunction
(score=22; borderline with severe dysfunction), with most instrumental activities
affected. In the basic activities of daily living, his wife reported mild dysfunction of self-
control over urination (ADL=5.5). He reported mild depressive symptomatology (GDS-
30=7). The stage of his cognitive function was estimated at Level 5, which represents a
moderately severe cognitive decline, or moderate dementia. His clinical characteristics
are illustrated in Table 5.1. Mr. A.l. was randomly allocated to the 5-week baseline

condition.

Patient #6 (Mr. S.V.) was a 71-year-old male with 18 years of education and an overall
medium-high cognitive reserve level (CRIg=119) and all questionnaire subscales (e.g.,
education, working activity, and leisure time) being scored at the medium—high level. He

was a retired businessman who had studied and lived abroad for several years in his past.
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He had had the diagnosis of AD for more than 7 years prior to his participation in the
study. His history did not indicate any cardiovascular risk factors or other significant
medical conditions. The TADL, which was reported by his son, indicated severe
dysfunction (score=24), with all instrumental activities being affected. While his
independence in the activities of daily living were reported unaffected (ADL=6), he was
entirely dependent for survival. At the beginning of the study, he was unaware of all
recent events and most of his life experiences. It was evident that he suffered from
anosognosia. The stage of his cognitive function was estimated at Level 6, which
represents severe cognitive decline, or moderately severe dementia. His clinical
characteristics are illustrated in Table 5.1. Mr. S.V. was randomly allocated to the 1-week

baseline condition.
5.3 Adherence to the Study

Patients 1-5 completed the study with 100% adherence. The provided schedule given to
each one prior to the beginning of the study was followed without any deviation in either
assessment appointments or treatment sessions. Patient 6 was not able to finish his
treatment schedule due to behavioral difficulties (i.e., he was not eager to leave the
house). In total, he received four rTMS session in 2 weeks. His data were removed from

the analyses.

5.4 TMS Therapy Tolerance and Side Effects

The mean ratings on the Wong-Baker FACES pain rating scale ranged between 1 and 1.4,
with an overall mean rate of 1.15. The patients indicated no pain or any kind of
disturbance during or after each rTMS session. Figure 5.1 illustrates patients’ ratings on

the scale. No side effects were reported during and/or after rTMS sessions.
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Figure 5.2 Illustration of patients’ average ratings on Wong-Baker FACES scale

Wong-Baker FACES® Pain Rating Scale
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Note: The red line indicates the mean score of the patients’ ratings. The patients rate their rTMS

sessions experience as painless and well tolerated

5.5 Inter-Rated Reliability

The analysis indicated a high level of agreement in all administered neuropsychological
tests (PA=1) during the baseline and treatment phases. A lower, but still acceptable, level

of agreement was observed for the naming task (i.e., 0.92).
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5.6 Results: Single-Case Data®- Primary Outcomes

5.6.1 Episodic Memory: Immediate Word Recall

Phase characteristics (i.e., mean score and standard deviation of each patient on each
phase) are illustrated in Table 5.2. A schematic representation of patients’ scores in the

immediate word recall during the A, B, and follow-up phases is illustrated in Figure 5.3.

Table 5.2 Phase characteristics for word immediate recall

Baseline Treatment
Baseline Number of
condition in  assessments Mean Mean
Patient weeks and in the Median Median PCI
(SD) (SD)
(total treatment
assessments) phase
#1 1(3) 6 10.7 (3.5) 11 15.8(4.4) 17.5 A48%
#2 2 (4) 6 2.5(.5) 2.5 4.2(1) 4 A68%
#3 3 (6) 6 6.3 (1.75) 55 8.8 (2.3) 8 A40%
#4 4 (8) 6 11.1 2.4) 12 10 (1.1) 10 v10%
#5 5(10) 6 8.4 (1.7) 8.5 9.5 (1.5) 9.5 A13%

Note: SD: Standard deviation; A: Change indicates behavioral improvement

Within-phase examination. The stability criterion was not satisfied within phases. Only
Patient 2 demonstrated stable performance during both phases. The percentage of the data
points falling within the predefined range for the remaining patients was between 12.5%
to 66.5%, indicating unstable performance during data collection in both the A and B
phases. The patients’ unstable performance during baseline was also evident by a visual

inspection of phase trend lines (Figure 5.3). However, an increase in average level was

¢ The single-case data refer to the data that were obtained through the alternative test forms during the

baseline, treatment, and follow-up phases (see Figure 3.2 for a visual representation of these data).
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observed for the total number of recalled words in the three learning trials for Patients 1,
2,3, and 5 (Figure 5.3). The PCI signified an increase of 48.4% in the total recalled words
after the intervention for Patient 1, 68% for Patient 2, 40% for Patient 3, and 13% for

Patient 5. Patient 4 showed a 10% reduction in total recalled words after the intervention.

Between-phase examination. An immediacy of the effect was observed in Patients 1
(32% improvement), 2 (87% improvement), and 3 (62% improvement). An immediate
effect was not observed in Patients 4 or 5 (Figure 5.4). The PND index indicated a
significant effect of the intervention in Patients 1 (PND=.83, p<.05; 83% of the data
points in the treatment phase did not overlap with those from the baseline phase) and 2
(PND=.67, p<.05). No observed effect of the treatment was indicated for Patients 3, 4, or
5 (p>.05). However, the PEM index showed the following:

o In Patient 1, 83.5% of treatment data exceeded the baseline’s median

(PEM=.83), indicating a moderate treatment effect.

o In Patient 2, 100% of treatment data exceeded the baseline’s median

(PEM=1), indicating a highly effective treatment.

o In Patient 3, 100% of treatment data exceeded the baseline’s median

(PEM=1), indicating a highly effective treatment.

o In Patient 5, 83.5% of treatment data exceeded the baseline’s median

(PEM=.83), indicating a moderate treatment effect.

In Patient 4, none of the treatment data exceeded the baseline’s median (PEM=0). The
calculated p-value for the NAP estimator provided evidence of a significant treatment
effect on Patient 2 (NAP=.9, p<.05). Nonsignificant effects were observed in Patients 1
(p=0.09), 3 (p=0.06), and 4 and 5 (p>.05).
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Figure 5.3 Schematic representation of observations on immediate word recall from

baseline to follow-up between participant
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Note: The vertical black lines indicate the start of the subsequent phase. The baseline conditions
began at the same time for both patients, but treatment introduction was staggered across time
and patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage of nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase.

Figure 5.4 Visual illustration of immediacy of effect in immediate word recall

#2

M=10.6

8 9 10 14 15 16

Note: Immediacy of the effect was calculated by comparing changes in the mean level of the last
3 data points (i.e., assessments) of the baseline conditions with the mean level of the last 3 data

points of the treatment conditions. M: mean.
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5.6.2 Episodic Memory: Delayed Word Recall & Recognition

Visual analysis and effect size indices did not provide evidence of differences between
the patients’ performance before compared to after treatment in the delayed word recall

and recognition task.
5.7 Results: Single-Case Data-Secondary Qutcomes

5.7.1 Trail Making Test A’

Phase characteristics are illustrated in Table 5.3. A schematic representation of patients’

scores on TMT A’ during the A, B, and follow-up phases is illustrated in Figure 5.5.

Table 5.3 Phase characteristics for trail-making test A’

Baseline Treatment
Baseline Number of
condition in  assessments Mean Mean
Patient weeks and in the Median Median PCI%
(SD) (SD)
(total treatment
assessments) phase
#1 1(3) 6 259 (59) 246 145(32) 142 v44
#2 2 (4) 6 244(45) 2425  221(110) 175 v9
#3 3 (6) 6 300 (126)  300.5 122 (25) 125.5 v59
#4 4 (8) 6 191 (109) 183 187 (49) 172.5 v2
#5 5(10) 6 224.5(73) 2045 177.5(43) 172 w21

Note: PCI: Percentage of change. V¥: Decrease of behavior.

Within-phase examination. The stability criterion was not satisfied in any phase for all
participants, indicating patients’ unstable performance. The highest percentage of data
falling within 15% of the phase mean was 50%, and the lowest was 33%, indicating a
high variability in the single-case data. A visual inspection of the phases’ trend lines
showed highly unstable baseline conditions, making the investigation of a treatment
effect difficult. However, a visual inspection of the graph data indicated a decrease in the
mean levels after the introduction of the intervention, compared to the baseline conditions
(Figure 5.5). Each patient’s scores refer to the total time in seconds to complete the task;

therefore, a decreased score after the intervention compared to baseline indicates faster
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performance, which is considered a behavioral improvement due to the intervention. In
contrast to the patients’ scores during baseline, the PCI showed a decrease of 44% in
Patient 1°’s total time, a decrease of 9% in Patient 2, a decrease of 59.3% in Patient 3, and

a decrease of 21.4% in Patient 5. No difference was observed in Patient 4 (PCI=2.35).

Between-phase examination. An immediacy of the effect was observed in Patients 1
(45.6% improvement) and 3 (62% improvement). In contrast, no difference was observed
in Patient 2, while Patients 4 and 5 presented increased treatment means by 54% and 9%,
respectively (Figure 5.6). The PND index indicated a significant effect of the intervention
in Patients 1 (PND=1, p<.05; all of the data points in the treatment phase did not overlap
with those from the baseline phase), 2 (PND=.83, p<.05), and 3 (PND=.83, p<.05). No
observed effect of the treatment was indicated for Patients 4 or 5 (p>.05). The PEM index

showed the following:

o In Patient 1, all treatment data exceeded the baseline’s median (PEM=1),

indicating a highly effective treatment.

o In Patient 2, 83% of treatment data exceeded the baseline’s median

(PEM=.83), indicating a moderate treatment effect.

o In Patient 3, all treatment data exceeded the baseline’s median (PEM=1),

indicating a highly effective treatment.

o In Patients 4 and 5, 66.5% of treatment data exceeded the baseline’s median

(PEM=.66.5).

The calculated p-value for the NAP estimator provided evidence of a significant treatment
effect on Patients 1 (NAP=0, p<.05) and 3 (NAP=.02, p<.05). Nonsignificant effects were
observed for Patients 2 (p=0.09), 4 (p=0.06), and 5 (p>.05).
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Score in seconds

Figure 5.5 Schematic representation of observations on trail-making test A’ from baseline

to follow-up between participants
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Note: The vertical lines indicate the start of the subsequent phase. The baseline conditions began
at the same time for both patients, but treatment introduction was staggered across time and
patients. The dotted red horizontal lines represent the average score in each phase. The dotted
blue lines illustrate the trend lines for each baseline and treatment phase. The PCI, PND, PEM,
and NAP indices have been calculated without the follow-up phase. PCI: Percentage change
index; PND: Percentage of nonoverlapping data; PEM: Percentage of data exceeding the median;

NAP: Nonoverlap of all pairs; A: Increase; *: Significant treatment effect.

Figure 5.6 Visual illustration of immediacy of effect in trail-making test A’

#1

M =258

#3 o

Note: Immediacy of the effect was calculated by comparing changes in the mean level of the last
3 data points (i.e., assessments) of the baseline conditions with the mean level of the last 3 data

points of the treatment conditions. M: mean.
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5.7.2 Trail Making Test B’

The instructions of the test proved too complex for the patients to follow as instructed

therefore, the data collection for this test stopped.
5.7.3 Corsi Block, Naming, Semantic Associations

Visual analysis and effect size indices did not provide evidence of differences between
the patients’ performance before compared to after the treatment in the Corsi block,

naming, and semantic associations tasks.
5.8 Global Cognition

Patient scores on measures of global cognition are illustrated in Table 5.4. An immediate
treatment effect was evident in all patients in both measures of global cognition (i.e.,
MMSE and ADAS-cog). Their performance was found to have further improved 3

months after the end of treatment.

Table 5.4 Patient performance on measures of general cognition

MMSE ADAS-cog
Patients | pre  immed  post }:/COY pre immed post }:,ZI
#1 22 23 23 A4S 27 21.6 23.6 A20
#2 13 15 16 Al5 473 39 40 Al175
#3 18 22 23 A22 35 28.6 28 Al18
#4 21 21 20 0 34.6 30 28.3 Al3
#5 19 21 18 A10.5 353 31 29.6 Al2

Note: The PCI refers to changes from pretreatment to immediately after the end of treatment.
MMSE: Mini mental state examination; pre: Pretreatment; immed: Immediately after the end of
treatment; port: Post-treatment. PCI: Percentage of change index; ADAS-cog: Alzheimer’s

disease assessment scale-cognitive subscale; A: Improvement in behavior.

All patients presented improvement immediately after the end of rTMS intervention in
the ADAS-cog (average score=30.2), in relation to their pretreatment performance
(average score=35.9; Figure 5.7 A). The effect was slightly higher in the follow-up phase,

where the average reduction was 5.7 points (average score=29.9) in relation to
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pretreatment and .3 in relation to immediately after the end of treatment (Figure 5.7 B).
The rate of improvement ranged between 20% (Patient 1) and 12% (Patient 5), with a
16% average improvement in relation to immediately after the end of treatment and
pretreatment. Four out of the five patients presented improvements in the MMSE, with
improvements ranging between 4.5% (Patient 1) and 22% (Patient 3). Patient 4 presented

approximately a 5% reduction in their performance.

Figure 5.7 Schematic representation of ADAS-cog scores from pretreatment to follow-
up
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Note: The ADAS-cog score is based on errors made in each subtest. The highest score (i.c., 80)

indicates severe impairment, while the least impairment is indicated by the minimum score (i.e.,
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0). Therefore, a drop in score indicates cognitive improvement. A. Patients” ADAS-cog total
scores from pretreatment to follow-up; B. Differences in the average ADAS-cog scores of the

five patients in each phase.
5.9 Neuropsychological Assessments

Cognitive function. Patients’ average scores on the two neuropsychological evaluations
are presented in Table 5.5. The PCI index was used to quantify the change between the
two assessments. Patient performance was found to have improved 3 months after the
intervention in the episodic memory task. The immediate recall of the logical memory
test was improved by 1.5 items on average (75%; Figure 5.8 A), while the delayed recall
improved by .5 items on average (Figure 5.8 B). In the immediate recall, Patient 1, in
relation to the pretreatment assessment, remembered four more items, Patients 2 and 3
remembered 1 more item each, and Patient 5 improved their performance by 1.5 items.
No difference was observed in Patient 4. The phonological verbal fluency increased from
16.8 average recalled words to 20.4 (22% improvement). The time needed to complete
TMT A’ was reduced by 45 seconds (22% improvement). The effect was evident for
Patients 1 (pretreatment: 132 sec, follow-up: 106 sec; 20% improvement), 2
(pretreatment: 237 sec, follow-up: 220 sec; 7% improvement), 3 (pretreatment: 104 sec,
follow-up: 54 sec; 48% improvement), and 5 (pretreatment: 330 sec, follow-up: 201 sec;
39% improvement). No change was observed for Patient 4 (pretreatment: 252 sec, follow-

up: 250 sec).

Mood and psychiatric symptoms. The neuropsychological evaluations indicated
improvements in patients’ mood and psychiatric symptoms 3 months after the end of
rTMS intervention. The average score of the patients’ performance on the GDS decreased
between pretreatment (M=5.6) and follow-up (M=2.4) by 57%. The patients’
performance on the BAI decreased between pretreatment average (M=3.8) and follow-up
(M=1.2) by 68.5%. Patients’ neuropsychiatric symptomatology decreased between
pretreatment average (M=9) and follow-up (M=6) by 33% (Figure 5.9 A).
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Table 5.5 Average scores on neuropsychological evaluations

Cognitive . Pre Follow-up PCI
Domain Neuropsychological test ) | a0 o
Logical memory
Immediate recall 2(2) 3.5(2) 75
Delayed recall 0 5(3)
Memory Rey Osterrieth complex figure
Immediate recall 2.6(5) 3(6) 15
Delayed recall 1.9(4) 2(4) 5
. Trail making test A’ 211(87) 166(77) 21
Attention Digit span forward 6.6(1) 6.5(1) 1.5
Processing speed | Symbol digit modalities test 5.5(1) 6.7(3) 22
Working memory | Digit span backwards 3.4(2.5) 4(2) 17.5
Visuospatial Rey Osterrieth complex figure
abilities/praxis test - copy 2, A10) 0
E ‘i Phonological verbal fluency 16.8(4) 20.5(4) 22
fu);ecctll.lol’:f Frontal assessment battery 11(4) 11.5(3) 4.5
Trail making test B - - -
. . | Geriatric depression scale — 30 5.6(4) 3.4(2.5) 39
y;aig’niﬁ chiatric | g o anxiety inventory 3.8(5) 1.2(1.5) 685
ymp Neuropsychiatric inventory 9(2) 6(7) 33
Quality of life QoL in AD, patients’ form 33(4) 40(6) 21
(Qol) QoL in AD, caregivers’ form 32.4(5) 34.5(5) 4.5

Note: The table shows the average scores and standard deviation of patients’ performance,
obtained by neuropsychological testing before the study and 3 months after the 2-week rTMS
intervention. The interval between the two neuropsychological assessments was between 5 and 6
months, depending on the patient’s baseline condition. The trail-making test B’ was not completed

by any patient.
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Figure 5.8 Schematic representation of patients' performance in episodic memory task
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Note: A. Scores on the immediate recall of the logical memory task at pretreatment and follow-
up. With exception of the Patient 5, whose performance presented no difference from
pretreatment, all patients recalled more items from the stories immediately after their
presentation; B. Scores on the delayed recall of the logical memory task at pretreatment and
follow-up. Only Patients 4 and 5 improved their performance at follow-up. Patients 1, 2, and 3

were not able to recall any of the story’s items after a 30-minute interval.

Figure 5.9 Schematic representation of patients’ average scores in mood,

neuropsychiatric symptoms, and quality-of-life measures at pretreatment and follow-up
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Note: A. Average scores in depression, anxiety, and psychiatric symptom evaluation at

pretreatment and follow-up. A drop in the total score in all three tests signifies symptom
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alleviation. NPI: Neuropsychiatric inventory, BAI: Beck anxiety inventory; GDS: Geriatric
depression scale. B. Average scores in quality-of-life evaluation. Increase in the total score
signifies improvement in patients’ quality of life. QoLself: Quality-of-life questionnaire, self-

rated form; QoLcareg: Quality-of-life questionnaire, caregiver’s form.

Quality of life. To evaluate whether the observed changes in patients’ cognitive function,
mood, and psychiatric symptoms had an effect on their daily living and function, the
quality-of-life questionnaire was analyzed (Figure 5.9 B). The average score for self-rated
quality of life improved from pretreatment (M=33) to follow-up (M=40) by 21%,
indicating that patients perceived improvements in their overall quality of life. However,
the patients’ caregivers did not indicate the same extent of improvement. They reported

improvement that did not exceed 4.5% in relation with their pretreatment quality of life.

Post-study interview. Patient #1. Mrs. M. X.’s family reported a significant improvement
in her behavior. Her husband reported that she was happier and more active after her
participation in the study. Specifically, he stated that she was keener to participate in
social events, and generally, in leaving the house. In addition, she was able to follow a
movie and remember some parts of it (in relation to before), and her everyday function
was generally improved. Her daughter stated that she could remember things better than
before (e.g., that they had arranged a family dinner) and that she was more eager to visit
a relative’s house or to go outside for a walk. From the clinical observation and
evaluation, it became evident that her mood was improved, along with her reaction time

and mental agility.

Patient #2. Mrs. P.K.’s son did not report any cognitive improvement. However, he
observed a halt in the rate of decline in her function. His sensation was that his mother
was stable after her participation in the study; however, she was in a better state than he
was expecting based on the previous rate of decline. Mrs. P.K. did not report any

observable changes in her function, nor were changes observed from clinical observation.

Patient #3. Mr. A.P.’s wife reported a significant improvement in his ability to remain
calm under several everyday situations and to listen and discuss without anger and
irritability. These observations were improvements in relation to his pre-study behavior.
However, she reported a decline in relation to the period immediately after the end of

treatment. She observed no changes in his cognitive function. Mr. A.P. himself, however,
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reported significant changes in his cognitive function and mood. He stated that after the
treatment and until the day of the reevaluation (i.e., 3 months later), he was better able to
remember the things he wanted to do and he was able to go shopping without assistance

(e.g., with a list). From the clinical observation, this was not evident.

Patient #4. Mrs. T.P.’s husband reported no observable changes in her cognitive function.
However, a significant improvement in her behavior was evident and maintained until
reevaluation. Mrs. T.P. reported a significant improvement in her everyday life, a
statement in accordance with her ratings in the quality-of-life questionnaire, where she
rated most of the items higher in relation with her pretreatment evaluation. Her improved

mood was evident from clinical observation.

Patient #5. Mr. A.l’s wife reported no changes of any kind after the end of his
participation in the study. In contrast, she reported a decline both in his cognitive function

and his behavior. Mr. A.L. stated that he was feeling healthier.

Treatment fidelity. No variable that could affect patients’ performance throughout the

study was observed or indicated by the patients and/or their families.

Figure 5.10 demonstrates the overall percentage of change, from pretreatment

neuropsychological evaluation to follow-up evaluation, on each task.
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Figure 5.10 Overall percentage of change from pre-treatment to follow-up
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Note: QoLc: Quality of life, caregivers’ form; QoLs: Quality of life, self-rated form; NPI:

Neuropsychiatric inventory; BAI: Beck anxiety inventory; GDS: Geriatric depression scale;

SDMT: Symbol digit modalities test; TMT A: Trail-making test A; TMT B: Trail-making test B;

MMSE: Mini mental state examination, ADAS-cog: Alzheimer ’s disease assessment scale
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5.10 Overall Treatment Effect in aMCI and AD Patients

To investigate the effect of the rTMS treatment in all patients who participated in the
study and interpret the results in terms of statistical significance, a nonparametric paired-
sample -test (i.e., Wilcoxon W) was used, and the mean scores between pretreatment and
follow-up neuropsychological evaluation data were compared. The analyses results are

presented in Table 5.6.

Table 5.6 Statistical analyses results of key variables

Results
Effect
Variables (?n/lgg?;;) (x:(?irﬁ) St?;i;)tic v all9ue M.D. C(S)LZ:HS
d
ADAS/pre vs ADAS/immed (3? 6 é;:é) 28 0l6* 542 >2
ADAS/pre vs ADAS/fup ( 321?6) ?;8? 28 016*  6.06 i
MMSE/pre vs MMSE/immed é}) ?225 0  .034% 2 5
MMSE/pre vs MMSE/post éi) ?223? 4 il 1.9 =
TrailA/pre vs TrailA/fup (gé) (132) 28 016* 335 >2
fmRecall/pre vs ImRecall/fup ‘(‘S Zg)‘ 0 036* 225 13
DelRec/pre vs DelRec/fup (‘g) ES 1.5 3 1.35 -
PhonFlu/pre vs PhonFlu/fup (%g) ég) 6.5 2 2.5 -
GDS/pre vs GDS/fup (;) (‘3‘) 15 0.05* 5 1.1
BAl/pre vs BAI/fup (2) 21? 10 1 6 ;
*
NPI/pre vs NPI/fup (i) ‘(‘i; 21 .036* 4 8
QoL/pre vs QoL/post (self) ?§5§ ?‘?S 0 036* 7 1.2
QoL/pre vs QoL/post (careg) 33(34) 36(37) 0 02% 25 1

Note: The degrees of freedom are 6 on each test. The asterisk (*) indicates statistically significant
results. W: Wilcoxon W; M.D.: Mean difference; pre: Pretreatment scores; vs: Versus; immed:
Immediately after the end of treatment evaluation; fup: Follow-up phase; TrailA: Trail-making

test A’; ImRecall: Immediate recall of the logical memory test; DelRecall: Delayed recall of the
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logical memory test; PhonFluency: Phonological verbal fluency; GDS: Geriatric depression scale;

BAI: Beck’s anxiety inventory; NPI: Neuropsychiatric inventory.

As illustrated in Table 5.6, significant differences between the mean scores at
pretreatment and follow-up evaluation were found in TMT A’, the immediate recall of
the logical memory task (Figure 5.11 A & B), the GDS, and the NPI (Figure 5.12 B). The
patients’ performance on the ADAS-cog was significantly improved from pretreatment
to immediately after the end of treatment, by 5.2 points, and their performance was also
statistically significant between pretreatment and follow-up (Figure 5.11 C & D). In the
MMSE, a significant difference was observed among the patients’ mean scores before the
study and immediately after the end of treatment (Figure 5.11 E) The Cohen’s d effect
size index indicated a large effect in all aforementioned variables, with the exception the
MMSE, which was found to be medium. The improvements in patients’ delayed-recall
scores and phonological verbal fluency and the observed reductions in the BAI were not

found significant.
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Figure 5.11 Graphical representation of average scores of all patients from pretreatment
to follow-up for statistically significant variables.
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Note: A. Mean scores on the ADAS-cog at pretreatment and immediately after the end of
treatment; B. Mean scores on the ADAS-cog at pretreatment and follow-up; C. Mean scores on
the MMSE at pretreatment and immediately after the end of treatment; D. Mean scores on TMT
A’ at pretreatment and follow-up; E. Mean scores on the immediate recall of logical memory at
pretreatment and follow-up. The O signifies each phase’s mean score, and the [J signifies each

phase’s median.
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Figure 5.12 Graphical representation of all patients’ average scores in evaluation of

depression and neuropsychiatric symptoms at pretreatment and follow-up
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Note: A. Mean scores on the geriatric depression scale at pretreatment and follow-up; B. Mean
scores on the neuropsychiatric inventory at pretreatment and follow-up. The o signifies each

phase’s mean score, and the [ signifies each phase’s median.

Finally, the treatment effect was found statistically significant on patients quality of life

as was rated by the patients (Figure 5.13 A) and their caregivers (Figure 5.13 B).

Figure 5.13 Graphical representation of patients and caregivers' average rates on Quality

of Life measure at pre-treatment and follow-up
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Note: A. Mean scores of the patients self-rates in the Quality of Life in AD scale at pre-
treatment and follow-up; B. Mean scores of the caregivers’ rates in the Quality of Life in

AD scale at pre-treatment and follow-up. The O signifies each phase’s mean score, and

the [ signifies each phase’s median.
5.11 Chapter Summary

The main purpose of this study was to investigate the efficacy of gamma-band precuneus
stimulation in mitigating cognitive dysfunction in patients with mild-to-moderate AD.
The findings suggested that 40 Hz rTMS treatment is an effective, safe, and tolerable
intervention for alleviating cognitive dysfunction and psychiatric symptoms in AD
patients. Specifically, the obtained single-case data revealed a positive treatment effect in
four out of the five patients, in their immediate word recall and attention skills. No effects
were observed in the delayed word recall, word recognition, visual memory, naming, and
semantic associations. An immediate treatment effect was observed in all patients’
ADAS-cog scores, which was maintained and further improved at 3 months post-
treatment. The neuropsychological data revealed a wide and long lasting treatment effect.
Three-months post-treatment four patients presented improvements in immediate word
recall, attention, and phonemic verbal fluency. Finally, a remarkable alleviation of the
patients’ depressive, anxiety and neuropsychiatric symptoms was observed. This study
provides preliminary evidence that 40 Hz rTMS might represent a promising and
effective non-invasive intervention in the rehabilitation of AD. Overall, this novel
approach was found to have a statistically significant effect in cognitive and psychiatric

variables, both in MCI and AD.
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Chapter 6 Discussion

The aim of this thesis was to investigate whether 40 Hz transcranial magnetic stimulation,
delivered bilaterally to the precuneus, is effective in mitigating cognitive dysfunction in
patients with aMCI and AD. To answer this question, neurophysiological, normative, and
experimental studies were conducted. Initially, a neurophysiological study investigating
the effects of a newly developed 40 Hz rTMS protocol was conducted by stimulating the
primary motor cortex of healthy participants. The results indicated that the specific
protocol induced inhibitory physiological aftereffects that outlasted the stimulation
period. The stimulation was found well-tolerated and safe. Subsequently, standardization
and normative studies were conducted, aiming to develop alternative and equally difficult
neuropsychological tests for the Greek-Cypriot population. In this work the Cypriot word
pool, a list of approximately 2,850 standardized words was created. This word pool was
used as a reference in the development of two alternative and equally difficult forms of
the ADAS-cog-12, as well as in the development of 17 alternative forms of the
neuropsychological tests, that were used in the final study of this research. Finally, a
randomized, concurrent, multiple baseline design study was conducted, to investigate the
effects of 40 Hz rTMS in patients with aMCI and AD. This chapter summarizes and
discusses the results of these studies. The limitations of these studies are addressed, and

recommendations and future directions are outlined.

6.1 Neurophysiological Effects of 40 Hz r¥TMS in the

Human Motor Cortex

Chapter 2 presented the development of a novel 40 Hz rTMS protocol and reported the
results of a study aiming to investigate its feasibility, safety, and the aftereffects on
participants’ cortical excitability. The developed 40 Hz rTMS protocol was applied over
the primary motor cortex of 15 healthy participants. The influence on cortical excitability
was assessed by comparing resting motor threshold before stimulation, with resting motor
threshold immediately after and up to 45 minutes post stimulation. A neuronavigation
system was used to ensure stable coil position and same stimulation parameters (e.g.,
hotspot coordinates). The results indicated that 40 Hz rTMS stimulation was well

tolerated by all participants and no side effects were reported. The stimulation was found
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to significantly influence cortical excitability by inducing suppression on the stimulated
networks. Specifically, the inhibitory effect was observed immediately after the

stimulation and reached the highest point at 45 minutes after the stimulation.

While rTMS has been widely used in rehabilitation of neurological and psychiatric
disorders it is only recently that the scientific attention shifted towards the effects and the
potential of gamma frequency brain stimulation. In a recent study, the feasibility and
safety of 40 Hz audiovisual brain stimulation was assessed (Suk et al., 2020), indicating
the safety of such an intervention as well as its ability to induce gamma brain activity.
Further, previous studies have used 40 Hz protocols, through sensory or other non-
invasive techniques, to explore their disease-modifying effect in AD, reporting cognitive
amelioration and possible delay in disease progression (Chan et al., 2021; Liu et al.,
2021). To our knowledge, the present study is the first to investigate the consequences of
40 Hz stimulation through the non-invasive TMS on neuronal excitability on the human

motor cortex.

rTMS effects on corticospinal excitability depend on specific parameters, the so-called
TMS protocols as well as coil geometry (Habib et al., 2018). It is also well accepted that

low-frequency stimulation, defined as stimulation of 1=Hz, leads to a decrease of

cortical excitability whereas stimulation in high frequencies, defined as stimulation of =
5 Hz, increases excitability (Iglesias, 2020; Somaa et al., 2022). However, there are only
a few well established rTMS protocols for which their underlying effects have been
investigated not only behaviorally but at neurophysiological level as well. In a prominent
physiological study, Huang et al. (2005) investigated the effects of different theta burst
stimulation (TBS) paradigms in corticospinal excitability. This study led to the
establishment of the suppressive effect of, the well-used since then, cTBS protocol (i.e.,
continuous TBS) and the excitatory effect of the iTBS (i.e., intermittent TBS). A
triggering question, however, is whether by stimulating in specific frequencies it is
possible to drive brain wave activity. An evidence-based answer to this question might
hold the potential for the development of frequency-based treatment stimulation protocols
for diseases for which brain wave dysfunctions have been identified and even been
associated with the observed cognitive and/or behavioral deficits (e.g., Cho et al., 2020;

Mably & Colgin, 2018).
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Previous studies have reported an association between brain stimulation and brain wave
entrainment. For instance, Koch et al. (2018) stimulated the precuneus of AD patients at
20 Hz (i.e., a frequency that falls within the range of beta oscillations) using TMS, and
through a TMS-EEG analysis indicated entrainment of beta brain activity, not only locally
at the precuneus but at network level as well. The authors reported that the observed
patients’ cognitive improvement could be explained by the long-lasting increase of beta-
rhythm that resulted from 20 Hz rTMS. In a more recent study, Liu et al. (2021) delivered
40 Hz rTMS over the angular gyrus of AD patients and through a variety of techniques
and analysis (e.g., resting state EEG, MRI, power spectral density analysis, long-range
functional integration analysis, dynamic connectivity analysis of TMS-EEQG) indicated
entrainment of gamma-band oscillations in the left posterior temporoparietal regions. The
same results have been observed in healthy participants and epilepsy patients, where 40
Hz audiovisual stimulation increased gamma-rhythm oscillations which were found to be
increasing over time (Suk et al., 2020). Whether our developed gamma-band rTMS

protocol can entrain gamma brain waves remains to be seen.

6.1.1 Significance of the Results, Limitations and Future

Directions

This study provides preliminary evidence about the efficacy of the specific 40 Hz rTMS
protocol in inducing long-lasting effects in cortical excitability. By using the specific
petameters cortical excitability can be suppressed for up to 45° minutes. An important
limitation of this study is that brain wave activity was not evaluated before and post
stimulation, therefore, the effects on gamma-rhythms are unspecified. This is important
issue that needs to be addressed as if the stimulation can induce gamma wave
supersession, then it could be a useful technique in neurorehabilitation of diseases
characterized by increased gamma brain activity (e.g., May et al., 2019; Mussigmann et
al., 2021). On the contrary, if the underling suppressive effect can still entrain gamma
brain activity, as has already been observed in previous studies (e.g., Liu et al., 2021),
then this protocol might be used safely in diseases in which gamma-rhythms are known
to be disrupted (e.g., Traikapi & Konstantinou, 2021; Wang et al., 2017). Future research
needs to investigate the effects of this 40 Hz rTMS protocol on gamma brain activity as
well as the connection between the observed suppressive effect with known neuronal

mechanisms such as long term depression. Further, the addition of a sham stimulation
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condition in future replication studies will be beneficial to improve the accuracy of our

findings.
6.2 Normative Studies and Test Development

Chapter 3 presented the normative studies conducted in this thesis. As described in detail
in Chapter 4, to investigate the effects of 40 Hz rTMS through a single case design study
in aMCI and AD patients, repeated cognitive evaluations separated by only a few days
were conducted for the assessment of primary and secondary outcomes. Repeated
neuropsychological evaluations result to practice effects, that prevent identifying whether
the noticed changes in test scores are attributable to the study’s intervention, or to
increased familiarity with the assessment tests (Wesnes & Pincock, 2002). To avoid
misleading results in our study, alternative cognitive forms were created for each

neuropsychological test, before the beginning of the single-case design study.

For the development of the necessary neuropsychological material, initially two Cypriot
dialect-based corpora were created. Subsequently, the CWP, a list of approximately 2,850
words (selected from the Cypriot dialect-based corpora), was created. Normative data
were collected for the included in the CWP words for the three most important words’
characteristics, namely (1) frequency, (2) imageability, and (3) concreteness. The CWP
was used as a reference for selecting stimuli during the alternative forms development.
The ADAS-cog was translated in Greek and adapted for the Greek-Cypriot population
and two alternative and equal in difficulty forms were created. Finally, 17 alternative
forms were created for the neuropsychological tests that were used to evaluate primary

and secondary outcomes during the multiple baseline study.
6.2.1 Cypriot Dialect-Based Corpora

The lack of standardized word lists built upon the Cypriot dialect was a major obstacle
for the development of cognitive tests targeting Greek-Cypriot participants. The aim of
this study was to overcome this obstacle by developing Cypriot dialect-based databases
accompanied by words’ frequency measures. Word frequency is among the most
important variables in experimental psychology in general, and in memory research, in

particular (Brysbaert et al., 2011), as it affects the accuracy and speed with which each
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word can be recognized and recalled (Balota et al., 2004; Hulme et al., 2003; Roodenrys
et al., 1994; Whaley, 1978). Two corpora were created, the NEWSLEX-CY and the
DIALEX-CY. Both corpora include frequency measures calculated for the most well
established standardized indices: (1) frequency per million words, (2) occurrence per
million words, and (3) the Zipf scale. The three alternative frequency estimators provide

researchers with the opportunity to decide which one best fits their needs.

The NEWSLEX-CY database was created from the analysis of the electronic forms of
the Cypriot newspapers and magazines. In the absence of other electronic materials (e.g.,
subtitles or open access Cypriot books) the news and magazines were found to represent
the only available recourses to extract language materials that Greek-Cypriots are
exposed to. The advantage of this corpus is that it includes more than 10,000,000 tokens,
which is of paramount importance for the extraction of reliable word frequency statistics.
However, Cypriot journalists write mostly in standard Greek, and even though the
audience is Greek-Cypriots, the language might not be representative of the dialect as it
is spoken in everyday life. This raises the concern of whether the NEWSLEX-CY can be
used reliably with Greek-Cypriot participants. As Brysbaert and New (2009) have
suggested, newspapers are a valuable source to be used to extract reliable language
materials. People are exposed to the news, and therefore it is expected that they are
familiar with the language. Importantly, newspapers include general columns, such as
cooking or traveling, where the language is less formal, and dialect representative words
are used. For instance, the words aiyivo, aypivo; xovmémo, aipavi, avapyn, optooid,
apélio, Palavaxt etc., which are used in the Cypriot dialect, were found in the corpus.
Even if the NEWSLEX-CY is not entirely representative of the Cypriot dialect, provides
reliable statistics for common words that Greek-Cypriots are exposed to and are using in

their everyday communication.

The DIALEX-CY corpus was created with the aim to capture the non-formal language as
it is used in both spoken and written expression of the Cypriot dialect. This database was
created by the analysis of internet sources (personal blogs, discussion groups, websites)
and by data collected by a survey. In the survey, 141 healthy participants were recruited
and asked to recall as many words as they could from specific categories, similar to the
categories where data from the internet sources were collected. The data collected from

the internet sources and the survey were then used to develop the DIALEX-CY, which
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was considered dialect representative. This process allowed as to develop an acceptable

in length corpus for the calculation of frequency statistics.

The advantage of this corpus is that it captures the Cypriot dialect as it is used in everyday
life. Words such as aypéii,; aypivo, mbkiafii,; abaoi; aiya, aiyvo; aonUoOKoILA, QGVKMTES,
Aoava, Aiumovpog, Aovpi; kovpi; uoayokdpet, kolabog; piyo etc., which are used in the
Cypriot dialect, were observed in the corpus. The major disadvantage of the DIALEX-
CY is that it is comprised approximately by 1,100,000 tokens, which is close to the
minimum required length for the extraction of reliable frequency statistics. It is well
indicated that the size of the corpus plays a crucial role in the development of quality
frequency measures, especially for the very low-frequency words (Brysbaert et al., 2011).
However, the criteria under which the internet and verbal sources were selected during
the corpus collection, were extremely strict to have only Cypriot-Greek based sources.
Therefore, since every available electronic source related to our desired categories and
every available discussion group has been included in the analysis, the generated corpus
is believed to be representative of the words that are used when talking about these

categories.

Another concern about the DIALEX-CY, is whether the merge of the internet sources
with the verbally obtained data through the survey, affected the frequency statistics. Still,
the investigation of the reliability of the frequency estimates (by comparing the calculated
estimators for the words appearing in both corpora), indicated that the words were
characterized as high, medium, or low frequency words in the same manner in both
corpora. The selected words had common categorization according to not only the three
levels of taxonomy (i.e., high, medium, low) but also according to the more strict six
levels of taxonomy (i.e., high-high, high-low; medium-high, medium-low; low-high,
low-low). This observation indicates that each word is represented similarly in both

corpora, which provides comfort on the reliability of the calculated estimates.

It is important to note that both databases were created from the analysis of written
material which might lead to potential bias in favor of those with higher educational level
compromising the reliability of the estimated frequency statistics. Researchers and
clinicians must consider these limitations when using the databases and frequency

statistics.
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Overall, this work provides researchers who work with Greek-Cypriot participants, with
the necessary material to be used in cognitive and psycholinguistic research and set the

basis for the development of Cypriot based standardized word pools.
Future Directions

Considering the above mentioned limitations of each corpora, the development of one
Cypriot-based corpus, created by the analysis of materials based purely on Greek-Cypriot
sources, such as poetry books, songs, or subtitles, will be of great importance for research
and clinical application. This corpus will allow the extraction of frequency estimates that
will reliably capture the frequency with which each word is used in the dialect. As the
available sources are scarce for the creation of such a corpus (10,000,000-20,000,000
words are required for reliable estimators—eg., Brysbaert et al., 2011), development of
norms for words’ subjective frequency (i.e., the estimation of times that individuals come
across a word in spoken and written language, e.g., Balota et al., 2001), could be a more
feasible way to control this variable in research. It is important that future studies will be
focused on further developing the NEWSLEX-CY and DIALEX-CY to achieve to the
greatest possible extent, reliability of their context and provide researchers with a

powerful tool for conducting cognitive research with Greek-Cypriot participants.

6.2.2 Cypriot Word Pool

The CWP was developed by selecting words from the NEWSLEX and DIALEX corpora,
according to criteria that best suited the needs of this thesis (i.e., words that could be used
as stimuli in the neuropsychological tests). Initially, 3,250 words were included in the
pool and a normative study was conducted aiming to create subjective norms for
imageability and concreteness. These variables are well known to affect one’s ability to
recognize and recall words (Stadthagen-Gonzalez & Davis, 2006). Seven hundred and
forty nine healthy participants were recruited and participated either in the imageability
or the concreteness normative study. Each participant was given a booklet with 250 words
and was asked to rate each word in terms of its ability to arouse mental images
(imageability study) or whether they think it was an abstract or concrete word

(concreteness study).
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The adopted methodology was rigorous, to ensure the creation of reliable norms and was
guided by similar well-known normative studies (Friendly et al., 1982; Soares et al., 2017;
Scott et al., 2019). This strict methodology allowed us to deeply investigate participants’
commitment in the study, as the completion of the questionnaire/booklet was demanding;
as such, the norms were created using only the responses of participants who truly
engaged in the study. The analyses indicated high internal reliability and validity.
Imagery norms were created for 2,852 words and concreteness norms for 2,844 words.
These norms were considered reliable for use in the alternative forms’ development. For
both imagery and concreteness, the CWP provides values for (1) the mean rating of each
item, (2) standard deviation, (3) median, and (4) number of participants who rated each
item. Normative data were also collected for the objective variables of number of letters,
number of syllables, and part of speech for the 2,850 words included in the pool. Overall,
the CWP is a powerful tool for conducting cognitive research with Greek-Cypriot

participants and provides subjective and objective normative data for 2.850 words.
Future Directions

The creation of the CWP was the first step towards the development of sensitive tools for
research with Greek-Cypriot participants, as it provides normative data for frequency,
imageability and concreteness estimates. However, there are other word properties that
depend on the experiences that individuals have with the use of each word in their
language, and they also affect the accuracy and speed with which they can be recognized
and recalled (Soares et al., 2017). These among others are subjective frequency (i.e., the
estimation of the number of times that individuals come across a word in spoken and
written language—e.g., Balota et al., 2001) and experiential familiarity (i.e., the extent
that individuals know and use the words in their everyday life—e.g., Cordier & Le Ny,
2005). Age of acquisition is also one of the most important variables in word recognition.
Early-acquired words are processed more efficiently than late-acquired words, even when
word frequency and word length are controlled for (Baayen et al., 2016; Brysbaert et al.,
2016; Brysbaert & Biemiller, 2017; Johnston & Barry, 2007). Therefore, it is important
that future studies will concentrate on the development of normative data for these
variables. Then, the CWP would be a highly reliable tool in cognitive and

psycholinguistic research, as well as in clinical practice in Cyprus.

203



6.2.3 Cypriot Alzheimer’s Disease Assessment Scale-Cognitive

Subscale

The ADAS-cog is considered the gold standard for the evaluation of antidementia
treatment efficacy (Skinner et al., 2012), as it is the most widely used neuropsychological
test in AD clinical trials (Ihl et al., 2012; Rabey & Dobronevsky, 2016; Rozzini et al.,
2007). The aim of this study was to develop two alternative and equally difficult forms
of the ADAS-cog-12 for the Greek-Cypriot population. This allowed us to minimize as
much as possible the practice effect and truly investigate the rTMS effect on the patients’
behavior. Moreover, the implementation of the ADAS-cog in our study allowed us to

have results that are comparable with other relevant studies.

Two alternative forms for the word recall, naming, and word recognition were created
(these subtests are known to be affected by repeated and close in time assessments; Mohs
et al.,, 1997), and the complete tests were administered to healthy and demented
participants at an interval of 2 weeks. The statistical analyses indicated that when the two
forms were administered with at least a 2-week interval, there was no evidence of practice
effect. Participants’ total scores were identical in both forms. No significant differences
were observed between the two forms in any specific subtest. Hence, the forms were
considered reliable for use in the assessment of the primary outcomes of this thesis

experimental work.
Significance of the Study

To our knowledge, this is the first attempt for the standardization of this valuable tool for
the Greek-Cypriot population. Due to practice effects, use of the same form of the test
more frequently that every six months, is not recommended (Mohs et al., 1997).
Therefore, the significance of this study lies in providing AD researchers with two tests
of similar psychometric properties to be used for the evaluation of an AD treatment
efficacy (pre- and post-treatment), with an interval of less than six months. On that basis,
misleading results that might stem from patients’ increased familiarity can be
significantly minimized, reducing therefore the likelihood of misinterpretation of clinical

trials outcomes.

Limitations
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An important limitation of this study is the small sample size. Even though the results
indicated that neither healthy nor demented participants improved their performance in
the second form, when administered with a time interval of two weeks from the first one,
a larger sample size would allow additional certainty about the absence of practice effect.
It is important to note that two improved versions of the ADAS-cog-12 have been created,
the ADAS-cog-14 forms A" and B’. These include improvements relating to the
replacement of problematic stimuli (e.g., the word coconut was removed from the object
naming task as it was observed that it was problematic to be found as well as to be carried
by the investigators—in the naming task real objects are presented to participants). In
addition, the cancelation and maze subtests were included to allow for more thorough
patients’ assessment both in clinical and research settings. This study is currently running

for both the cognitive and non-cognitive subscales (ADAS-14-noncog).
6.2.4 Alternative Neuropsychological Test Forms

The aim of this study was the development of alternative forms of neuropsychological
tests for the evaluation of the primary and secondary outcomes during the single-case
design study. The standardized words from the CWP were used as reference and 17
alternative word learning lists, naming tasks, and semantic association tasks were created.
For each stimulus that was used, 16 alternative stimuli with identical subjective and
objective statistics were selected, during the forms development process. Consequently,
each of the 17 alternative forms was created to have identical properties with the other
16. In addition, using an algorithm for the generation of random numbers, alternative
forms were also created for the Corsi block-tapping task (forward subtest) and the Trail

Making Tests A’ and B’.

The use of alternative forms in repeated testing is a common practice in correcting for
practice effects and it has been shown that even though they cannot completely eliminate
these practice effects, they can significantly minimize them (Beglinger et al., 2005;
Benedict & Zgaljardic, 1998; Watson et al., 1994; Zgaljardic & Benedict, 2001). Other
potential methodological procedures for reducing the impact of practice effects in
research settings have been proposed, such as the prebaseline massed practice approach.
This method involves the intense practice (i.e., repeated administration of the tests) before
the introduction of any independent variables. However, numerous administrations might

be needed before establishing a baseline score in which the practice effect will have been
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minimized (McCaffrey & Westervelt, 1995). In the case of our study, the adopted design
already involved several evaluations within a small period of time, making each patient’s
schedule exhausting both for the families and participants. In addition, the participation
of MCI patients raised concerns about a possible ceiling effect associated with intense
practice, that could prevent further improvement in performance as a result of the
treatment (Goldberg et al., 2015). Other approaches to attenuate practice effects have
been proposed, such as the reliable change index and the use of control groups (Goldberg
et al., 2015). Even though each of these methods have their own strengths, they are both
dependent on untreated cases and therefore require larger sample size, which in our study

was not feasible.
Limitations and Future Directions

The major limitation of this study is that the created alternative forms were not
administered to healthy population to establish that all forms had a similar level of
difficulty. Therefore, even though several objective and subjective variables relating to
the selected stimuli (i.e., words) were considered when developing the forms, there are

still no data to confirm that none of the forms is easier or more difficult from the others.

The evaluation of cognitive domains, such as verbal and visual memory, attention, and
semantic knowledge (cognitive domains that these tests evaluate), is common in research.
Hence, these forms could be used for the creation of a database to be used by researchers
who work with Greek-Cypriot participants. Accordingly, future work could be focused
on establishing the difficulty levels of these forms. This will be an important step for the
implementation of single-case design studies in Cyprus, which will allow the evidence-
based investigation of scientific questions, when a large sample size is not feasible or

available.

6.3 Effects of 40 Hz rTMS in aMCI and AD

Chapters 4 and 5 presented the results of a single experimental design study aiming to
investigate whether gamma-band magnetic stimulation, delivered bilaterally for 10 days
to the precuneus, improves cognitive function in patients with aMCI and mild-to-
moderate probable AD. The hypothesis was that 40 Hz precuneus stimulation for 10 days

would lead to alleviation of patients’ cognitive dysfunction. The efficacy of the gamma
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stimulation was evaluated by the analysis of the single-case data, by neuropsychological
evaluations, and through the adapted to the Greek—Cypriot population ADAS-cog-12,
immediately after the end of the stimulation and 3 months post-stimulation. Moreover, to
deeply capture the treatment’s effect on the patients’ function, qualitative data were
obtained through patient and caregiver interviews. Results indicated that gamma
stimulation had a wide effect on patients’ cognitive and emotional function, which was
evident immediately after the end of the intervention and was sustained for up to 3 months
post-treatment. Importantly, gamma stimulation was found safe, and none of the

participants reported side effects.
6.3.1 Feasibility of Gamma Magnetic Stimulation

The aim of this study was to investigate the safety, tolerability, and feasibility of exposure
to five daily sessions of 40 Hz rTMS and 10 sessions in total, with an interval of 2 days
(i.e., Monday to Friday: investigation of safety, tolerability, and feasibility; two days with
no stimulation and then exposure to five more sessions: investigation of safety,
tolerability, and feasibility). The study provided evidence that the specific 40 Hz rTMS
protocol was well tolerated, safe, and feasible. All patients, regardless of their AD stage,
adhered excellently to magnetic stimulation for 2 consecutive weeks. The stimulation was
rated as painless and well tolerable. No severe or even mild adverse events related to

magnetic stimulation were reported.

Recent evidence has demonstrated that gamma light and sound stimulation can drive
gamma neuronal activity in several brain areas and decrease the accumulated amyloid
and tau pathology in mice models of AD. Furthermore, these changes coincide with the
transformation of glial cells, the primary immune cells of the brain, and cognitive
improvements (Adaikkan et al., 2019; Taccarino et al., 2016; Martorell et al., 2019; Singer
et al., 2018). These findings led to the development of the new and pioneering approach,
which targets gamma oscillations as a potential disease-modifying intervention in AD.
Although the feasibility of gamma sensory stimulation has been previously investigated
(He et al., 2021), determining whether such a high-frequency stimulation is safe,
tolerable, and feasible in AD human patients, through other non-invasive stimulation
techniques, is required to advance new gamma-based therapeutic approaches for AD. The
current findings strongly support safety, tolerability, and feasibility of the applied

protocol, to perform daily over five consecutive days, or 10 days with a small interval, as
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a potential intervention for aMCI and AD. Patients were compliant during the study, and
the absence of any adverse events is quite reassuring about its safety. Accordingly, this
protocol can serve as a basis for an even more aggressive protocol to be developed (e.g.,
increasing the number of applied trains or decreasing the inter-train intervals) and
investigating whether it could maximize the outcome on patients’ cognition and everyday

function.

To the best of our knowledge, this is only the second study to provide evidence about
40 Hz rTMS feasibility. Liu et al. (2021) delivered 40 Hz rTMS over the bilateral angular
gyrus of patients with probable AD and found that the intervention was safe when applied
three times a week for up to 4 consecutive weeks. That study, along with the results of
the present thesis, addresses potential concerns about gamma-band magnetic stimulation

and provides the foundation to further advance this newly developed approach.

6.3.2 Effects of 40 Hz Magnetic Stimulation in Patients with
aMCI — Summary of Results

A noteworthy observation is that the single-case data obtained throughout the baseline
phases presented great variability, making the visual inspection and detection of the
treatment effect difficult. Stability during the baseline phases is a crucial criterion in
single-case designs, as it allows for the separation of intervention effects from those of
maturation, experience, learning, and practice (Lobo et al., 2017). In addition, a stable
performance at baseline, with a minor or no trend, allows the comparison with a new
pattern of behavior following intervention (Kratochwill et al., 2010). The implementation
of sensitivity analysis (i.e., the calculation of different effect size indices) allowed the in-
depth observation of the obtained single-case data without failing to indicate the effect
due to instability (e.g., the PND index is highly affected by outliers, while the PEM uses
a baseline median and is thus less affected by outliers and more suitable for unstable
performance at the baseline; Alresheed et al., 2013). Therefore, even in the absence of
stability within or between phases, the implementation of effect size indices made the

comparison across phases achievable.

Regarding patients’ episodic memory performance, the analysis of the obtained single-
case data from the baseline to treatment phases indicated that both aMCI patients

improved their immediate word recall by approximately 11% after the intervention. The
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effect, however, was not significant. An immediate effect was found on both patients’
delayed word recall. The effect was moderate in the first patient, observable by the PEM,
while a highly effective and statistically significant effect was observed in the second
patient, evidenced by both the PEM and NAP indices. The greatest treatment effect,
which was statistically significant in both patients, was found in TMT A’, indicating
improvements in patients’ psychomotor speed, visual search abilities, and attention.
Moreover, both patients improved in TMT B’, where the effect was moderate for the first
patient and high and statistically significant for the second, indicating improvements in
their executive functions. Finally, the treatment was found highly effective and
statistically significant in the naming ability of the second patient. No treatment effects

were found on patients’ recognition, visual memory, or semantic associations.

The results demonstrated an effective immediate treatment effect in both patients” ADAS-
cog scores, which was maintained and further improved at 3 months post-treatment. This
rate of improvement suggests an effective and lasting treatment effect (Schrag & Schott,
2012). The data from the neuropsychological evaluations suggest that gamma-band
stimulation had a wide effect on both patients’ cognitive and emotional functions. With
the exception of episodic memory, the patients presented identical improvement profiles.
Regarding episodic memory, the first patient recalled immediately one more item in
relation to pretreatment but recalled one less item at delayed recall. The effect was high
on the second patient, who recalled four more items immediately and two more items
after an interval of 25 minutes, in relation to pretreatment. Both patients presented
improvements in their recognition ability, an observation which was also evident in their
ADAS-cog performance. As observed in the single-case data, the patients significantly
improved in TMT A’ and B'. A remarkable observation, which was identical in both
patients, was reductions by an average of 43% of their depressive symptomatology,
reductions by an average of 51% of their anxiety symptoms, and accordingly, a reduction

of nearly 70% of their neuropsychiatric symptoms.

The first patient reported more positive improvements regarding their quality of life,
rating most of the aspects of their life as excellent at post-treatment. The caregiver also
reported significant improvements. The second patient rated a slight improvement in their
quality of life, a rating that was greater than that observed by their caregiver. Finally, a
treatment effect was reported by both the patients and their families, who reported

observable changes in their behavior and mood after treatment.
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6.3.3 Effects of 40 Hz Magnetic Stimulation in Patients with
Probable AD - Summary of the Results

As observed with the aMCI patients, single-case data obtained throughout the baseline
phases presented great variability, making the visual inspection and detection of the
treatment effect difficult. The effect size and PCI indices were used to evaluate possible
changes from baseline to treatment phases. Accordingly, even in the absence of stability,
improved immediate recall was observed for four participants in the increased mean level,
PCI, and NAP indices. Specifically, on average, the four patients improved their
immediate recall by 40% after the end of treatment. The effect was moderate in two
patients and high in the other two. The NAP indicated a significant effect on one of the
patients. A visual inspection of the graphed data indicated a treatment effect in four
patients, while Patient 4 did not present any improvement. In the same manner, the single-
case data provided evidence of improvements in patients’ attention skills as evaluated by
TMT A'. Specifically, PND scores indicated statistically significant treatment effects in
three patients. The NAP estimator provided evidence of a significant treatment effect in
two of the five patients. Despite not being statistically significant in all the patients, the
treatment effect was visually evident on the graphed data in four out of the five patients.

Again, Patient 4 did not present improvements.

Furthermore, the results demonstrated an immediate, effective treatment effect in all
patients’ ADAS-cog scores, which was further maintained and improved at 3 months
post-treatment. Four patients presented improvements in MMSE scores immediately after
the end of treatment, which were maintained and further improved 3 months post-

treatment in three patients.

The neuropsychological data indicated that at 3 months post-treatment, gamma rTMS
intervention induced a 75% improvement on average in the immediately recalled items
in the logical memory test. At the same time, on average, 0.5 more items were recalled
after an interval of 25 minutes. Patients’ attention improvement was also evident in the
neuropsychological evaluation, as indicated by time reductions in the TMS A’ in four of
the patients. On average, four patients improved their performance by 20%. Finally,
gamma rTMS improved patients’ phonemic verbal fluency (an average improvement of

22%) and led to anxiety, depressive, and neuropsychiatric symptom alleviation. Overall,
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the results of the study show a wide and long-lasting positive effect of precuneus gamma

stimulation on AD patients’ cognitive function.

Regarding patients’ self-reported quality of life, an overall improvement of 21% was
evident, indicating that the patients perceived an improvement in their functioning after
treatment. The patients’ caregivers reported improvements, albeit of a smaller magnitude.
The qualitative data obtained through the interviews indicated that both patients and
caregivers observed behavioral changes after treatment. The changes were related mostly
with depressive symptomatology alleviation and in general with improvements in mood.
Two patients reported improvements in their memory, while one caregiver reported a halt
in the rate of their mother’s cognitive decline. One caregiver reported no observed

difference after the treatment.

A noteworthy observation was the response of Patient 4 in the TMS treatment in
comparison with the other four patients. Specifically, Patient 4 presented limited signs of
improvement in both the neuropsychological evaluations and the assessments during the
single-case phases. As Patient 4 had similar clinical characteristics to the other four AD
patients, a possible explanation is that the TMS protocol was applied at a lower intensity
in this patient (i.e., 65% of the maximal machine output—80% of their RMT). It is
possible that the stimulation was not strong enough to stimulate the precuneus at the same
extent as for the other three patients. This observation raises a concern, given the absence
of universal golden standard protocols in the application of TMS for neurorehabilitation,
even small deviations in some parameters may have significant impacts on the therapy’s

effectiveness.

6.3.4 Overall Treatment Effect in aMCI and AD Patients

As previously indicated by the single-case analysis and the neuropsychological data, a
statistically significant overall treatment effect was found in both cognitive and
psychiatric variables. Specifically, statistically significant improvements 3 months after
the 40 Hz rTMS were observed in the patients’ (1) attentional and psychomotor speed
(i.e., TMT A’'); (2) immediate story recall; (3) depressive symptomatology; (4)
neuropsychiatric symptomatology; and (5) quality of life, as rated by both the patients
and their caregivers. In the same manner, the patients’ global cognition was significantly

improved immediately after the end of treatment and remained statistically significant 3
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months post-treatment. The treatment effect was large in all aforementioned variables,
with only the effect on the MMSE and ADAS-cog (pretreatment in comparison with

follow-up) measured as medium.
6.3.5 Interpretation of Findings

The results of this thesis have provided significant preliminary evidence demonstrating
that 40 Hz precuneus rTMS might be an effective and side effect-free intervention in the
neurorehabilitation of aMCI and AD. The rTMS improved all patients’ global cognition,
which was maintained for at least 3 months post-treatment. The ADAS-cog is the gold
standard for the evaluation of antidementia interventions and has been widely used in
clinical trials (e.g., Andrade et al., 2018; Bentwich et al., 2011b; Seltzer et al., 2004;
Solomon et al., 1996). The observed magnitude of improvement, a reduction of 5.7 points
immediately after the end of treatment and 6.1 points 3 months post-treatment, is an
improvement that signifies a clinically relevant change, and it is associated with one stage

of change on the clinical dementia rating-global (CDR; Schrag & Schott, 2012).

The results of this study are in accordance with Liu et al. (2021), who found that 40 Hz
rTMS over the bilateral angular gyrus of patients with probable AD led to an average
reduction of 5 points on the ADAS-cog immediately after the end of 12 sessions. This
improvement was maintained and slightly further improved 8 weeks post-treatment.
Importantly, these findings were not observed in the patients who received sham
stimulation, indicating that gamma angular gyrus magnetic stimulation was able to
alleviate and sustain the patients’ cognitive decline. It is worth noting that the observed
reduction in the ADAS-cog, as reported by these two gamma-band rTMS studies, is larger
than that reported for a recently accepted drug for AD. Specifically, the drug lecanemab
(brand name Leqembi)—a humanized IgG1 monoclonal antibody treatment that intends
to tackle the root of the disease and slow cognitive decline—which was recently approved
by the U.S. Food and Drug Administration (FDA), has resulted in pathology decrease,
which in turn, led to a reduction of 1.44 in the ADAS-cog after 18 months of treatment
(van Dyck et al., 2023). However, due to reported complications in patients who received
the treatment, whether the benefit is worth the risk is currently under discussion (Reardon,

2023).
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Regarding the effect of the approved medications for AD on patients’ cognitive function,
in a randomized control trial, the effect of donepezil treatment on patients with MCI was
evaluated. The patients who received donepezil for 6 weeks presented small but
significant improvements in their ADAS-cog performance. However, 18.4% of the
participants were withdrawn from treatment due to adverse side effects (Doody et al.,
2009). Imbimbo et al. (2000) implemented a 6-month, double blind, placebo-controlled
trial to investigate the effect of eptastigmine—a centrally acting cholinesterase inhibitor
drug—in mild-to-moderate AD. They found that in relation to placebo, patients who
received the drug presented a reduction of 1.56 points on the ADAS-cog. The effect has
been slightly higher in clinical trials with other cholinesterase inhibitors, such as tactrine
(Knapp et al., 1994; Solomon et al., 1996), donepezil (Rogers et al., 1998; Seltzer et al.,
2004), and other drugs such as memantine and rivastigmine (for a review see Li et al.,
2019). The reported adverse effects in these studies ranged from nausea, vomiting,
diarrhea, anxiety, and depression (50% of patients in Imbimbo et al., 2000 suffered from
one or more symptoms) to liver transaminase elevation (28% of patients in Knapp et al.,

1994).

Considering the small efficacy of the approved treatment for AD (i.e., cholinergic, and
glutamatergic drugs), observed severe adverse side effects, and general absence of a
disease-modifying treatment (Anderson et al., 2017; Cummings et al., 2014; Kim et al.,
2022; Yaari & Hake, 2015; Yiannopoulou et al., 2019), the need for identifying non-
pharmacological, safe, and at the same time effective techniques in the rehabilitation of
MCI and AD is paramount. Gamma-band stimulation is a novel approach whose potential
therapeutic role and disease-modifying effect is being investigating, with preliminary
evidence to provide support for its efficacy (e.g., Liu et al., 2021; Chan et al., 2021). The
results of this study, along with Liu et al. (2021), support the effect of gamma-band rTMS
in alleviating and maintaining patients’ cognitive decline. To our best knowledge, no
other gamma-band magnetic stimulation studies have been done; however, the beneficial
effect of rTMS has been demonstrated at other frequencies. For instance, Rabey and
Dobronevsky (2016) reported an ADAS-cog reduction of 2.4 points after 6 weeks of
10 Hz rTMS combined with cognitive training. In the same manner, Nguyen et al. (2017)
reported a reduction of 2.9 points in the ADAS-cog of patients with probable AD, after a
combination of cognitive training and 10 Hz rTMS over six brain areas thought to be

dysfunctional in AD, for a 5-week period.
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It is evident that TMS has the potential to improve patients’ cognitive function, with the
40 Hz protocols reporting the utmost effect. An interesting question still to be addressed
is whether the reported significant effects on patients’ cognitive function result from
disease pathology reduction or are the consequence of the alleviation of depressive
symptomatology. In any case, as several clinical trials have suggested that conventional
antidepressants are ineffective for the treatment of AD-related depression (Cassano et al.,
2019; Insel & Wang, 2009; Pomara & Sidtis, 2007; Sepehry et al., 2012)—it has even
been called a treatment-resistant depressive disorder (Lozupone et al., 2018)—

improvements in this symptomology can be considered a step forward.

6.3.6 Does Gamma-Band rTMS Alleviate AD Neuropathology

or Just Improve Depression?

The results of this study indicated that 40 Hz rTMS significantly alleviated patients’
depressive and neuropsychiatric symptomatology, an observation apparent in all patients.
Although not significant, a reduction of patients’ anxiety symptoms was also observed.
Depression and anxiety are prominent neuropsychiatric features of AD (Galts et al., 2019;
Kaiser et al., 2014; Zhao et al., 2016). In MCI, the presence of depression and anxiety
represent risk factors for cognitive decline and progression to dementia and have also
been linked to functional decline in daily activities (Ma, 2020). The pathogenic
mechanisms underlying depression in the early stages of AD represent an emotional
reaction to the progressive cognitive decline, and anxiety can appear as an initial
compensating behavior. In these stages, the symptoms are more intense, as the disease
has a major impact on patients’ functioning (Botto et al., 2022). At the same time, even
from the MCI, anxiety has been associated with positive amyloid scans, mesial temporal
changes with atrophy and hypometabolism in the entorhinal region (Mendez, 2021).
Several biological factors have been suggested as causes in the later stages, such as
cortical and limbic atrophy, lower resting cortical metabolism, and the overall
neurodegeneration of areas and circuits dealing with emotions (Botto et al., 2022). The
question of whether gamma-band stimulation has a disease-modifying effect or simply
leads to alleviation of neuropsychiatric symptoms—and therefore the observed cognitive

improvement is a consequence of the improved mood—must be addressed.
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While the exact mechanisms underlying TMS-induced cognitive changes in the patients’
function were not investigated in this thesis, recent evidence suggests that gamma
stimulation through TMS has the potential to modify the observed neuropathology of AD.
Specifically, Liu et al. (2021) found that 12 sessions of 40 Hz angular gyrus rTMS
modulated the affected gamma-band oscillations in the left posterior temporoparietal
region. Furthermore, the stimulation prevented gray matter volume loss; enhanced local
functional integration within the bilateral angular gyrus, as well as global functional
integration in the bilateral angular gyrus and left middle frontal gyrus; strengthened
information flow from the left posterior temporoparietal region to the frontal areas; and
strengthened the dynamic connectivity between anterior and posterior brain regions. The
authors suggested that the administered gamma-band rTMS protocol led to the
modulation of gamma-band oscillations, which effectively improved patients’ cognition

by promoting local, long-range, and dynamic connectivity within the brain.

Similar findings have been reported recently by He and colleagues (2021), who
investigated the efficacy of audiovisual 40 Hz stimulation in AD patients. In this study, 8
weeks of flicker stimulation significantly increased default mode network’s functional
connectivity and led to changes in the patients’ immune profile in CSF, which showed
trends toward the down regulation of immune factors, suggesting an engagement of the
neuroimmune system after exposure to audiovisual stimulation. Similarly, Chan et al.
(2022) demonstrated that AD patients who received 3 months of daily 40 Hz audiovisual
stimulation presented (1) lesser ventricular dilation and hippocampal atrophy, (2)
increased functional connectivity in the DMN as well as with the medial visual network,
(3) better performance on the face—name association delayed-recall test, and (4) improved

measures of daily activity rhythmicity compared to those who received sham stimulation.

It is evident that gamma entrainment therapy studies have provided evidence suggesting
that the modulation of gamma brain activity may have the potential to reduce
hippocampal atrophy; improve gamma brain activity and functional connectivity; and
promote local, long-range, and dynamic connectivity, leading to alleviation of cognitive
dysfunction in AD patients. This evidence provides support for the notion that the
observed improvements in patients’ cognitive functions are a consequence of the

underling pathology mitigation and not merely the consequence of mood enhancement.
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Regarding the improvements in patients’ neuropsychiatric symptoms, a possible
underling mechanism is the enhancement of functional connectivity of the DMN.
Functional studies of the neural networks identified in the brain’s resting state and its
relationship with neuropsychiatric disorders have been growing over the last decade.
Among the resting state networks, the DMN has gained particular attention due to its
involvement in self-referential processes, often affected in conditions such as depression
and anxiety (Beauregard et al., 2006). It has been recognized that major depression and
anxiety are associated with altered functional connectivity in the DMN (Beauregard et
al., 2006; Coutinho et al., 2016; Liao et al., 2010; Wise et al., 2017; Zhao et al., 2007;
Zhu et al., 2012). The observed changes transcend connectivity strength alterations and
extend to reduced connectivity stability within key DMN nodes, such as the mPFC and
PCC (Wise et al., 2017). As previous gamma-band brain stimulation studies indicated
enhancement in the patients’ DMN (Chan et al., 2022; Liu et al., 2022; He et al., 2021),
the hypothesis is that precuneus (a key node of the DMN) gamma stimulation may
reinforce or even stabilize functional connectivity in the DMN, thus strengthening
dynamic connectivity between other important nodes of the network. Even though this
mechanism could provide an explanation regarding neuropsychiatric symptomatology
alleviation, evidence from functional studies is needed to investigate the effect of gamma-

band stimulation in the DMN.

6.3.7 Study Limitations

This study was subject to some limitations. First, the clinical diagnosis of MCI and AD
was not supported using well-known biomarkers, making the diagnosis of the disease in
the enrolled participants uncertain. Second, while alternative forms of equal difficulty
were developed for patients’ assessments during the baseline and treatment phases, the
exact level of difficulty was not assessed. Therefore, it is possible that patients’
performance was affected by some difficulty deviations. However, the alternative forms
of ADAS-cog used were adapted, and their equality in difficulty had been examined and
established before the study. Third, the obtained single-case data failed to establish stable
patient performance during the baseline conditions, making the comparison between
phases uncertain. With this possibility in mind, the study’s protocol involved
neuropsychological evaluations, with a relatively acceptable interval between them.

Furthermore, the variability of patients’ severity together with the lack of sham
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stimulation condition, prevent the extraction of safe conclusions regarding the effects of
the intervention on each stage and further limit the generalization of the results. Finally,
neuroimaging techniques were not employed post-treatment to detect the underling
neurophysiological changes caused by the TMS treatment. Therefore, there is no evidence
to support any brain physiological changes caused by the stimulation, and hence, the
extent to which the observed cognitive improvements were affected by factors such as
practice effect or anxiety and/or psychiatric symptom alleviation cannot be determined.
Despite these limitations, the findings support a positive effect of 40 Hz TMS over the

precuneus on AD patients’ cognitive function.

6.3.8 Future Directions

Gamma-band transcranial magnetic stimulation has been only recently introduced in
neurorehabilitation on MCI and AD. Preliminary evidence supports its efficacy in
modifying the underling pathology and improving patients’ cognitive function and
psychiatric symptomatology. However, well-designed randomized clinical trials with
large samples are needed to advance this new gamma-based therapeutic approach and
establish its efficacy in MCI and AD. It is important for future studies to focus on the
earliest stage of AD (i.e., MCI and early AD), as the clinical significance of 40 Hz TMS
seems to be more beneficial at these stages. As concerns about feasibility, safety, and
tolerability have been addressed, it would be important to investigate whether new
modified protocols could maximize the outcome. The protocol modifications could
involve an increase in the total applied pulses, higher intensity, or even the stimulation of
more than one brain region, such as the precuneus and angular gyrus, simultaneously. At
the same time, the effects of these protocols on the accumulated pathology must be
investigated and established. Another important question that must be addressed in future
studies is whether gamma-band stimulation in key nodes of the default mode network can
modify the observed alterations on its functional connectivity to improve depression and

anxiety symptoms in AD, symptoms that are resistant to conventional antidepressants.

6.4 Conclusion

Neurophysiological, normative, and experimental studies were conducted in this thesis.

A 40 Hz rTMS protocol was developed and its neurophysiological effects, when applied
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on the motor cortex of healthy participants, were evaluated. This study provided evidence
that the application of the specific protocol is feasible, safe, well-tolerated and can induce
long-lasting effects on neural plasticity. Specifically, the stimulation found to induce
suppression on cortical excitability for up to 45 minutes. This study was the first to
investigate the consequences of 40 Hz stimulation, through non-invasive transcranial

magnetic stimulation, on neuronal excitability on the human motor cortex.

Normative studies were conducted aiming to develop alternative and equally difficult
neuropsychological tests for the Greek-Cypriot population. These studies led to the
creation of the first standardized Cypriot word pool, a list of 2,850 words, a valuable tool
for conducting research with Greek-Cypriot participants. The ADAS-cog-12, the gold
standard neuropsychological test for assessing the effectiveness of AD interventions, was
adapted for the Greek-Cypriots and two equally difficult alternative forms were
developed. Therefore, this study provides AD researchers with two alternative forms of
similar psychometric properties to be used for the evaluation of AD interventions. On
that basis, misleading results that might stem from patients’ increased familiarity can be
significantly minimized, reducing therefore the likelihood of misinterpretation of clinical
trials outcomes. Finally, alternative forms were created for some of the most widely used
neuropsychological tests, such as the word learning list, naming, semantic associations,
Corsi block-tapping test and trail making test A" and B’. The evaluation of verbal and
visual memory, semantic knowledge, attention, and executive functions (cognitive
domains that the created forms evaluate) is common in cognitive research. Therefore,
these forms could be used for the creation of a database to be used by researchers who
work with Greek-Cypriot participants. This will be an important step for the
implementation of single-case design studies in Cyprus, which will allow the evidence-

based investigation of scientific questions with relatively small sample size.

The final aim of this thesis was to investigate the efficacy of 40 Hz transcranial magnetic
stimulation, applied bilaterally to the precuneus, in mitigating cognitive dysfunction in
aMCI and mild-to-moderate AD. The results provided preliminary evidence that gamma
brain stimulation, through TMS, may have the potential to alleviate cognitive dysfunction
in patients with aMCI and AD. Stimulating bilaterally the precuneus at 40 Hz, can

improve patients’ cognitive function and neuropsychiatric symptoms for up to 3 months.
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Specifically, this study indicated a high and significant improvement in all patients’
global cognition, regardless of disease stage. In addition, an identical profile of
improvement was evident in patients’ neuropsychiatric symptoms. In general, a wide
effect on patients’ cognitive function was observed in both the aMCI the AD patients that
was accompanied by significant improvements in their quality of life, as rated by both the
patients and their caregivers. These results align with previous studies reporting patients’
improvements in global cognition, but we further investigated in more depth the effects
on patients’ cognitive function, which indicated a wider positive effect. The results of this
thesis reinforce the evidence that TMS at gamma frequency is safe and tolerable and
provide further evidence and support of the view that TMS could represent a promising
and effective non-pharmacological intervention for improving cognitive impairment in
AD. In conclusion, this study offers preliminary evidence regarding the efficacy of
gamma-band TMS as an effective non-invasive technique in MCI and AD

neurorehabilitation.
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Appendix 1: Ethical Committee Approval

The approval involves the study described in chapter 2, the study for the development of
the Cypriot word pool which described in chapter 4 and the primary investigation of this
thesis that described in chapter 3.
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Appendix 2: Safety Screening for TMS Eligibility

ENTYIIO ANIXNEYTIKOY EAEIr'XOY I'TA
ATAKPANIAKH MATNHTIKH AIE'EPEH (AMA)

[Mopaxdre eivor éva gpotnuatordyo mov ypnoiponoteitar yie va kebopicer av ot
mbavoi coppetéyovieg eivar katdhinior yra AMA.

IMTAPAKAAQ EYMIIAHPQETE TO ITAPAKATQ ENTYIIO:

Anpoypogika Eroryeia

Hpep. ¥EVWNOMGT s
TOMOG YEVWNONG: et
Mntpiiy/ég yYhdoou/eg: Kunpraxn Adin

(OVOLAGTE TV GAAT) YADOOM) .ottt seeeiisis e sse s ene e ene s

Moépowon: Anpotiké / Topvéaocto / Advketo / Kordéyio /|

[Mavemotjuo / Metantugakd / Aidaxtopikd

ANKO: ettt
ERGYYEAIO: e s
AOBUVOT. s
Thh. EMKOWOVINGT e
Yroypaon Zvppetéyovia Hpuepounvia
Ymnoypagn Maptupa Huegpounvia
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ONOMA AZOENOYZX 1/kar EGEAONTH:

Hopaxkah®d onperdote 6,11 1o vEL:

Nevporoyiki ] Poylatpikn dwatapoyn NAI OXI
Tpoadua 610 KEQAAL NAI OXI
Eykepoiikd enerc6d10 NAI OXI
Xepovpyikn enéuPaocn otov eyKEQUAO NAI OXI
Métaddo 1) petalMkd pvicpoto 610 Kpavio 1 ota pHaTio NAI OXI
Eykepaiw BAGSN NAI OXI1
Bnpatoddm NAI OXI
lotop1kd pE orocHoLG YKt EMANTTIKES KPIGELQ NAI OXI
O1koyevelukd 161op1kd enelcodiny eminyiag NAI OXI
Eugutevpéves nhektpovikéc cVoKevEC (.Y, KOYAMOKO ELOUTEL L) NAI OXI
Evdokpoaviakéc ypaupéc NAI OXI
ZxMpuvon kot [TAdkag NAI OXI
KotdOiiwn NAI OXI
Bepaneia pe Avukatabhntikd (n.y. Aptpuatdigvn, NAI OXI
Alomeptddoin)

Eugutevpévn avtiio mapoyic QupuoKevTIKiG ayoyig NAI OXI
Evdokpoviak nadnon NAI OXI
ALoopde (Aevkon@Oeia) NAI OXI
‘Evtovo dyyoc/avnovyia NAI OXI
Kvogopovoa auti v nepiodo NAI OXI
Xpboviot movokEpuiot NAI OXI
Toyvég thoerg Mrobupiog NAI OXI
‘Exete mer ahxodA 11 tehevtaieg 24 dpeg; NAI OXI
‘Exete k@vel gprjon vapkoTIKGOV 00610V TOV TEAEvTAio uiva; NAI OXI
Eiyate ikavoromtixkd Bpadivd vmvo 1o Ppddv mpty to neipapa; NAI OXI

Anhdve vredBuva 611 6Aeg ot TAnpogopieg mov mapéyoviatl 6To Tapdv EVIVTO EALYLOV

AMA eivar adnOeic kot TAqpeg and kale droyn.

Yroypaon Zvppetéyovia Hpepopnvia

Ynoypagn Maprupa Huepounvia
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Appendix 3: Research Flyer

M'VWPIZETE KATIOLOV UE NTULA 1) LETPLA CUUMTWHAT
nov odeilovral otn

Nooco
AATOXALUEP;

m—  TeXVOAOY1KO
] [ [Tavermotiuo

KOnpov @
Brain and Cegnitive Science Lab

EvnpepwBeite yia tnv épevva:

+357 99571290 & ag.traikapi@edu.cut.ac.cy
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Appendix 4: Patients Screening Documents for the Single Case

Data Collection ‘Form 1°

Phase Data Point Subject Examiner . Examination

Number Number Initials Date
| CT) (LT ,
LT CLTTT]
| Mépa

CONFIDENTIAL

“Episodic Memory Effects of Precuneus Gamma
Frequency Transcranial Magnetic Stimulation in Alzheimer’s
Disease: A Multiple Baseline Study”

Patients Screening Documents
Form 1

Word Learning List
(Immediate recall, delayed recall & recognition)

Trail Making Test A’ & B’
Corsi Block Tapping test
Naming Test
Semantic Association Test Visuoperceptual

Semantic Association Test Verbal

 Cyprus
][ University of
Technology
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GFinADStudy

1l

[T

L 1]

Phase Data Point Subject Number | Examiner Initials Examination Date
Number

L1

LI [T

| Mépu

Word Learning List

Recall

Aééerg

e\ld

anmoysupa

OEPOTIAGVO

KaproO

owi

OKTH

oAydropag

YPappaTEQS

Takt

yAdotpa -

védupa

HayAEm

SimMwpa

efdywvo

Total:

Total of 3 trials:

Total Intrusions:

GFinADStudy; Traikapi & Konstantinou, 2021
Cyprus University of Technology
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GFinADStudy

Phase

LT ]

Data Point
Number

Subject Number

BN

1l

Examiner Initials

L[]

Word Learning List

Delayed Recall

Examination Date

LTI 1]

Mépae  Mivag  Trog

ALl

el

andysvpa

AEPOTAUVO

| kaprovlL

| r
owL

axti

aAydropag

ypappatéas

QT

yAdotpa

| yédupa

HoyAETL

Slmwpa

efaywvo

Total:

! Total Intrusions:

GFinADStudy; Traikapi & Konstantinou, 2021

Cyprus University of Technology

268



GFinADStudy

Phase

[T

Data Point
Number

Subject Number

|
|
| S—

EREE

il

Examiner Initials

Examination Date

L [T

I

Mipa

Word Learning List

Recognition

Attaig

NAI

OXI

Semantically

related Not related

£Ad

{updpt

anéysvpa

EPELVNTIG

Aewdopeio

ayyoupakL
aspornidvo

koprodqL

CW\)O&!U\&LJM'—

dAUTLAVL

appog

owi

Bdtp;xoc

adpdg
aktr

aAwydropog

KaAdBL

ypapparéag

apuapt

BT

Aapida

adnvat

yAdotpo

yébupa

Bpapn

ureyAépL

HoxAén

SlmAwpa

efdywvo

Yovolo:

GFinADStudy; Traikapi & Konstantinou, 2021

Cyprus University ol Technology
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‘Etog
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fl

GFinADStudy

Trail Making Test A’

TEAOX @
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Trail Making B’

TEAOZ

fl
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GFinADStudy fl

Phase Data Point Subject Number | Examiner Initials | Examination Date |
Number ;

L1 11 |LLITTT 1) L T I]

Mépo  Mivoc  Trug

Corsi Block-Tapping Test

Forward
p A
a |35 7
1
b |1 4
a |3 9 4
2
b | 4 I 7
a |6 5 3 9
3 -
b |7 9 3 1
a |8 4 5 2 7
4 .
b|4 8 6 7 3
a |9 7 5 4 3 6
5
b | 4 3 7 6 4 6
a |5 1 2 3 4 8 5
6
b |3 5 4 2 9 5 1
a |4 7 4 1 3 9 4 5
1 + - _
b |5 4 3 2 3 6 4 5
alda 9 2 5 7 6 8 6 9
8 — -
b | 3 6 1 8 5 7 1 6 5
Xovolro:
Span:

GFinADStudy; Traikapi & Konstantinou, 2021

Cyprus University ol Technology ][
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1
GFinADStudy f

Phase ~ Data Point Subject Number | Examiner Initials | Examination Date
Number

L] Ty L T

Mépn  Mivag  ‘Etog

Corsi Block-Tapping Test

Backwards
:Ta
a |7 8
1 : ]
b |2 3
a |9 8 1
2
b |5 9 8
a |6 2 5 1
3 .
b |9 ] 3 5
a |6 8 3 5 6
4
b |1 4 5 9 7
a |2 4 {) 3 7 9
5 - ]
b |3 1 4 2 5 8
a |1 8 2 4 3 6 9
6
b |7 4 | 9 5 8 6
a (1 6 5 4 7 6 3 6
7
b |5 3 9 4 2 1 7 3
‘ a |4 2 6 1 3 7 9 4 5
8 _
b |9 1 2 9 4 2 7 3 2
Tivodo: B

Span: J

GFinADStudy; Traikapi & Konstantinou, 2021  WeG—mm——"0
Cyprus Universily of Technology
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G IﬁnADStuﬂy
Phase Data Point
Number

L[]

Subject Number

Examiner Initials

-

il

Examination Date

Total ps ®B:

Y S _Mied Mo
Naming_g
Ewkdveg B ®B Anavinon | Zootd | AdBog
1 | BBAio f
'2 duwpo V
3 | ademov .
4 | yadapocg
5 | muyolpt 7
6 | avepotipag o
7 | yAwoou
8 | aloupwoxapto
9 | aypémng o
10 X_duna
11 | agpootaro
1_2 ﬂnsr&vloq

13 g_/ruﬁpei.o :
14 | mavt{apt _ ]
15 9;5)&6: )

Total W

(av0oppnTa):

Total pe B:

GFinADStudy: Traikapi & Konstantinou, 2021
Cyprus Universily ol Technology

‘Etog
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GFinADStudy
Phase Data Poini
Number

[ 1]

Subject Number

rl

Examiner Initials

Examination Date

Ml'\ﬁu-: 'l-I;to;

Mépee

Semantic Associations / Verbal and Visuoperceptual

Superordinate Contiguity Part-whole Function
Verbal (class membership) (its complement) (its single part) (ils usa)
non-living items I Xwatd TIA ' Lmotd /A | Zooté | E/A | Xwotd | /A
1 | BipAio vhuet S 1ephdio ERiBN BlaPit
2 | avepuotipag KMEGINSG aopma KodGBi0 dpooilope | |
3 yYAwooao otdua A e Gikto yEDOJL
4 moavtZdpt hoeyavikd FopTi PR T
ZYNOAO )

living items Zoeté | XA | Xworé | T/A | Zoeté | B/A ,.----"""'----
1 | aderov Lo aklovpoc L S O I ——
2 | y&ubapog Onkuonxd &roro wel ||
3 aypoTne catdeyyehpuix (EmproC opipr ||
4 | kanetdviog VaLTIKG miola - '-_____-__---—--'
BET I D D O D =y

. Superordinate Contiguity - Part-whole Function |
Visuoperceptual | (class membership) {its complement) (its singla part) {its use)
1 | ffpkio vhixe Sufiie aNEEMPETApIO ochida Sapain
2 n)..t"(m’)pt ToPIo it HOK@pOVEKL ——
3 | navilam haryovikd Meyeovo QoM e
4 | yadapog Lo oo wnt | | __—— |
S | ahemod Lino oklovpog S I I— —

LYNOAO E=

GFinADStudy; Traikapi & Konslantinou, 2021
Cyprus University of Technology

I
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Appendix 5: Imagery Booklet 1

m———  TeXVOAOY1KO
][ [Tavermotpio
Kumnpov
"Epevva yia
Nontiki Aneikovion tov Aéeov
Déppa 1

[TAnpooopiec vio v épevva: O AEEelg SaEpovy M TPOG THV IKAVOTTE TOVS Vo TPOoKaAoDY
vontkég eikdveg mpaypdrov 1 yeyovotav. Oplopéveg Aé&elg mpokalodv pia acOntnpax
eunepia, Onog pia vontik eioéva 1 £vav 1o ToAd ypriyopa xat evKoAa, evéd Ghleg propel
Vo 10 Kavouy pe dvokoria petd and kabvotépnon 1 kaboiov. Exondg avtiig g épeuvag
eivar va BaBporoyfoere pia hiosta AéEewv ¢ mpog v gukorie pe v omoie coug
mpoKarovyv vonTikég E1KOVES.

Emkeoahic Epevvntéc: Ap Nikog Kovotavrivov ko Aptrepg Tpaikann, Teyvoroyikd
[Mavemotiuo Kimpou.

Kivéuvor ovupetoyic: Aev mpoxkdmtert kavévag kivduvog kat kopio emurhoxn amnd 1
GUUUETOYT| OUG OE QLTI TNV £pELVA.

Eumotevukdmra: Ta dedopéva mov cviiéyoviar eivar avodvopa xat de yperdletar va
napéyete xapia TAnpogopia yia v tavtdémté cag. Ta dedopéva Ba dratnpnboidv and toug
epeuvntég xat propel va ypnowwonombodv oto péhlov yio peréteg eyKekpIpéves and tov
apuodio, npoavapepbivia gopéa. Kapia Anedeice ninpogopia de Bo propei va odnyioet
otV TOVTONOiNoY ook,

Mmopeite va emkowvovijoete pali pag yio onotad\note TepUITépe® TANPOPOPI CYETIKA e
v mopovoa perétn oty niextpovikyy Sevbuvon: nikos.konstantinou@cut.ac.cy &
ag.traikapi@edu.cut.ac.cy.

H épevva avt £xet v éykpon ¢ EBvikig Bionbikie Kompov (Ap. PDox.:
EEBK/EIT/2021/22)

Exo dwfhoet 11¢ napundve ainpoeopieg Kat £Y® KaTavoncel 6Tt 1 GUPHUETOYN HOV oIV
épevva efvar eBeloviiky kot 611 pmopd va dwakdye dmote to embopd. Topooveite va
coppetdoyete oty épevva (kat emPepfardvete 011 elote Gvo tov 18 e1dV);

[ NAI

0 OXI
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Odnyisc na v Lvpuninpmwen tov Epotyuatoiroyiov:

H BaBuoroynon Ba yiver oe khipoaka entd onpeiov 6mov 10 -1- eivat 1o gapnAd dxpo mg
KAlpakag xat to -7- 1o vyniod dxpo. Babporoyrote kabe AéEn xukhdvovtag tov apbud
avtd mov avumrpoceAsdel KaAbtepa v Kpion cug g mpog ™y EYKOAIA xai v
TAXYTHTA nov 1 kG0¢ L£En oag npokadel vonrikég eikbves. O1 AELe1g mov Tpokaloby
eikdveg ypriyopa kat evkola wpénet va Pabpoioyodvrat pe -7-; ot AEEelg mov tpokaloby
eikdveg dvokora 1| kaborov mpénel va Pabuoroyodvrar pe -1-; Aé&eg mov Ppiokovrat
evditpeca otnv evkoiia Kot dvoxkoria mpénet vo fubuoroyodvror katdAinia petadd TV
d00 dxpav. Mn diotdoete va ypnoiporotoete 6A0 10 e0pog apBudv petadd -1- xat -7-.
Tavtdypova unv avnovyeite yia 1o td6c0 cvyvh ypnotponoeite Evav cvykekpiuévo apliud
apkel va avTimpoooaedel Tpaypatikd my kpion cag. Epyacteite apketd ypiiyopa wotdoo,
cog napakalobpe va eiote mpooextikoi otig afohoynoeg cog. MH BAGMOAOI'EITE
AELerg mov de yvopilete.

[Mapaderypa:

AEAOMENO @ 2 3 4 5 6 7
Xaymhs vonmix Yyman “0'1“’571
ameEwoVIon anEKOVIOT)
MOAYBI too2 03 4 s 6 (7)
Xaymhs vonuix Yyma vonun
amEoVion aneEwovion
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I

Ooo0o0ooano

Oooo0ooono

TeXVOAOY1KO
[Tavemot o
Kunpov

Doro

Ymkoeétta
Kurpraxi
EAAnvicn
Addo

Ténmog Ketayoyig

Agpecde
Agvkooia
Adpvaxa
[Tagog
Appbywotog
Kepiveia

Eninedo Exnaidevong

Anpotikd
lNopvéacio
Avkeo
Baowxk6 Ituyio
Metantoyiaxd
Adaxtopikd

Anpoypagika Asdopiva
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Ae yvopilo ™m A£dn

Nontiki Aneikévion
Aapm vymAn
AYKOZ 1 2 3 4 5 6 7 ]
TIFPHSE 1 2 3 4 5 6 7 []
AIONTAPI ! 2 3 : 3 6 7 [
APKOYAA ! 2 3 § 3 6 7 ]
SIDIAL 1 2 3 4 5 6 7 ]
GANAINA 1 2 3 4 5 6 7 ]
KAMHAOMAPAAAH ! 2 3 : 3 6 7 []
[ATOX 1 2 3 4 5 6 7 ]
rAIAAPOS ! 2 ) : 3 8 7 []
IKIOYPOZ ! 2 3 § 3 6 7 ]
— 1 2 3 4 5 6 7 ]
e 1 2 3 4 5 6 7 ]
ATEARRA 1 2 3 4 5 6 7 ]
FOYPOYNI ! 2 ) : 3 8 7 L]
NEPISTEPI ! 2 ) § ) 6 7 ]
NAMATAAOZ ! 2 3 : 3 8 7 L]
KANAPINI ! 2 ) : 3 8 7 L]
EAAOI 1 2 3 4 5 6 7 ]
XPYIOWAPO ! 2 3 : 3 8 7 L]
SAMETEP 1 2 3 4 5 6 7 ]
— 1 2 3 4 5 6 7 ]
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NMANOHPAZ

Japni

1

Nontiki] Anewkdvion

vymAn

Ae yvopile m Aédn

KAPXAPIAZ

1

AEONAPAAAH

TZITA

MIMAPMIIOYNI

FAYPOZ

ronAa

MAPIAA

MEZKANAPITIA

ZANAXI

TZINOYPA

AABPAKI

Z0AOMOZ

TONOZ

XEAIAONOWAPO

ZAPAEAA

KOYKOYBATIA

AETOZ

XEAIAONI

ZMOYPIITI

AHAONI

UioooUoo|oo|oUo|/uUoDooUo| oo d

282



TPIZONI

KOpmATy

1

Nontiki Aneikdvion

vymAn

Ae yvopilo m A&y

INYNAZ

1

IEPAKI

KOPAKI

MNATMIA

XHNA

AEAEKI

MEAAPIOZ

TANAPOZ

MEAIZZA

MNETAAQYAA

MYTA

KOYNOYTI

MANAPOYNA

TEPMITHZ

ZKAOAPI

AKPIAA

KATZAPIAA

KAMIIA

ZKOYAHKI

IQHKA

000 o|Uoo|u|do|/U|oou|gu|/d|ogu|s

6
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wami

AapmAT)

1

Nontiki Aneikdévion

vymAn

Ag yvopilo ™m A£dn

MAKAPONIA

1

MOYZAKAZ

DAZOAIA

DAKH

AOYBI

AOYKANIKO

ZANAMI

KAPOTO

KOYAOYPI

MIMIZKOTA

NTOMATA

TYPI

FAPIAA

KAITANO

NAZIMAAI

KOTONOYAO

FTAAOIMOYAA

MNATATA

PYZI

ZANATA

O|o|u|u|ooo oo |u|oooo|uu|nougn
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MNOYPIOYPI

KSpm

1

Nontikn Aneikévion

vymAn

Ae yvopilo ™ ALn

ZOYBAAKI

1

MMNIOTEKI

AYTA

AOYKIZZA

KAPYAA

KAAAMMNOKI

TAPTA

ZOKOAATINA

MIAQEI

NMPOMITEPOA

NIZTATZIO

NArQTo

KOK

KPENA

BADAA

NTONAT

MNAKAABAZ

KATEI®I

FAAAKTOMNOYPEKO

MNOYPEKIA

0o o|iUU.| oo oooioooooo| oo
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ANAPOKPEMA

AOpnAT]

Nonrixi Aneikdvion

vymAn

Ag yvopilo ™m Afdn

ZAMAAI

PABANI

TZIZKEIK

MHAONITA

KOYPAMMNIEZ

MEAOMAKAPONO

MNINEPI

KANEAA

KAPAAMO

MAMPIKA

FAYKANIZOZ

TOYPMEPIK

JAQPAN

XAANOYMI

ANAPH

MYZHOPA

IPABIEPA

KEQAAOTYPI

MAPMEZANA

MOTZAPEAA

oo |ou|. o). oo o |iUdoo oo i
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ENTAM

AApAT)

1

Nontikn Aneikdvion

vy

Ag yvopilo ™ AL

KAZEPI

1

FKOYNTA

AAXANO

AITOYPAKI

MAPOYAI

ZMANAKI

POKA

ZEZKOYAO

PANANAKI

MANTZAPI

ArKINAPA

KOYAOQYMITPA

KPEMMYAI

MAINTANOZ

KOAIANAPOZ

KOAOKYOI

KOAOKAZI

NEPO

ANAWYKTIKO

OAONTOKPEMA

Ooug|ooo oo |u|onooioo|noo Uit

10
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XAPTI

AOpAT)

1

Nontiki] Anewkévion

vymAn

Ae yvopilo ™ A£En

KAGAPIZTIKO

1

QPOYTO

AAXANIKO

MOYITAPAA

KETZAN

MATIONEZA

AHMHTPIAKA

ZOKOAATA

AEMONAAA

WAPI

KATEWYITMENA

OAONTOTAYODIAA

MAYNTHPIO

MAAAKTIKO

TZAI

KADQEZ

KAKAO

BOTANO

MMAXAPIKO

KPEAZ

O\gQo|ig|oo|d oo o|/U|o g oo oo 4| s
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AANANTIKO

AOpAT

1

Nontiki Aneikévion

vymAn

Ae yvopilo ™ ALy

KPAZI

1

MMYPA

FAAA

MAQYPTI

MMNAOYZA

MANTEAONI

QOYITA

QOPEMA

KAATZEZ

NOYKAMIZO

TPABATA

BPAKI

EZQPOYXA

ZIAPNA

KAIKOA

ZAKAKI

MNAATO

ZOYTIEN

ZIBATKO

DANEAA

o0 iu|0ous oo ooo|iUdoooo g dis
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KAATZOAETA

AapnAi)

1

Nontikr Aneikévion
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Ae yvopilo ™ A£En

Nontiki Aneikévion
KAt vy
MMOY®ES b2z 3 4 5 6 7 Ll
BIBAIOOHKH ! 2 3 ) 3 6 7 D
YNOAOTIZTHZ ! 2 : . 3 6 7 D
WYTEIO ! 2 3 4 ) 6 7 D
DOYPNOSZ ! A R L
KOYPTINA ! 2 3 : ) 6 7 D
TOYAAETA ! 2 3 . 3 6 7 D
MMANIO 1 2 3 4 5 6 7 []
AMMNAZOYP ! 2 3 . 3 6 7 D
ZANOYNI ! 2 3 4 3 6 7 D
OTYAPI 1 2 3 4 5 6 7 D
SOYPI 1 2 3 4 5 6 7 D
ZOYTIAZ ! 2 3 4 3 6 7 D
NESIA 1 2 3 4 5 6 7 D
KAEIAI 1 2 3 4 5 6 7 ]
KABOYPAZ ! 2 3 . 3 6 7 D
TPYNANI ! 2 : 4 ) 6 7 D
KATSABIAI 1 2 3 4 5 6 7 []
TEKIAA 1 2 3 4 5 6 7 []
AYXOZ 1 2 3 4 5 6 7 ]
TIFPHE 1 2 3 4 5 6 7 []
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Ae yvopilo ™ A£En

Nontixi Anewxdvion
AapnAA vymAn
AIONTAPI 1 3 4 5 6 7 ]
APKOYAA i 3 4 5 6 7 ]
ZIQIAZ 1 3 4 s 6 7 ]
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Appendix 6: Concreteness Booklet 1

m—  TeXVOAOY1KO
] [ [Tavermotnpio
Kunpou

"Epgvva 7ia v
AgumpeTikéTTO TOV AéEEOV
Déoppa 1

[Minpogopiec via v _€pevva: Ot Af€erg dweépovvy ®¢ mpog 10 eminedo g
aoupeTikdmrds tovs. Oplopéveg AEEelg avagépovial o antd aviikeipeva, vakd 1
Gropa mov pmopovv evKOAL va yivouv avtilnmtd pe 1 awobiocews. Tétoweg Aégeig
uropovv va OewpnBolv ¢ cvykekpiuéves AfZerg (concrete words). Ahheg Aégerg
avaQEpovial oe aEnpNUEVES Evvoleg ov dev elval edkoda avniAnmtég pe Tig amobnoec.
O oxomdg ¢ épevvas avtig eivar n BaBpoddynon piag Aiotag Aéemv ¢ npog To
eminedo ™S QUPETIKOTNTAS TOVS.

Emkepainc Epsvvntéc: Ap Nikog Kovotavtivov kot Aptepg Tpaikdanan, Teyxvoroyikd
[Mavemotipo Konpov.

Kivduvor cvpuetoyne: Aev mpoxkdmtel kavévog kivduvog kot kapio emmhoky and m
CUUUETOY| OUG OE GUTH TV £PEVVA.

Eumotevtikdémta: Ta dedopéva mov cvAréyoviar eivar avdvopa xat de ypetaleton va
napéyete Kapio aanpogopia yio myv tavtdmrd cac. Ta dedopéva Ba dratnpnboiv and
TOLG EPELVNTEC Kat prropel va ypnoiponomn oy oto péAlov yia peréteg eykexpipéves and
tov apuddio, npoavagepdivia popia. Kapia Anedeice ainpogopia de Bo propel va
0dnyNoeL oty TavTonoinoct| oac.

Mnopeite va emkowvovioete pali pog yio onoladimote neputépo mAnpogopia oyetikd
ue v mapovoa perétn otnv niextpoviky devbuvon: nikos.konstantinou@cut.ac.cy &
ag.traikapi@edu.cut.ac.cy.

H épsova avty £xer mv &ykpon mg Ebvikic Buoonbuaig Kompov (Ap. Pox.:
EEBK/EIL/2021/22)

‘Exo sufdoet g mapandve tAnpogopies xat £ Katavonoet 6Tt 1] GLUUETOYT OV GTHV
épevva elvan eBehoviik kat 011 pmopd va dakdye onote 1o embopd. "Lopgoveite va
coppetdoyete oy £pevva (kat emPePardvete 011 eiote avo tov 18 etdv);

0 NAI

0 OXI
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Odnyisc e v Zvurifpoon tov Epotyuatoioyiov:

H Babpoirdynon Ba yiver o khipaxa entd onueiov émov 1o -1- eivat o younid dxpo g
Kiipoxkag (aonpnuévn ALEn) kot to -7- 10 vynAd axpo (cuvykekpiuévn A£En).
BabBpoloyiote kabe AEEN kukddvovtag Tov aptBpd avtd tov avimpocnnedel KaADTEPU
mv kpion cog ©¢ mpog 10 eminedo g aapetikdmTds ™. Ot Aé&elg mov pmopovv
£0koAa va yivouv avtiAnntéc pe tig awchioeg npénet va Babporoyodvrat pe -7-; ot AéEerg
MOV avaQEPOVTOL O aPnpPnpéves £vvoleg mov dev eivar e0KOAN aVTIANRTEG pE TIC
awodioeg apénet va Pabuoroyodvror pe -1-; Aégeig mov Ppiokovrar evdidpeca otnv
aQoipeTikOTTa Toug Tpénet vo fabporoyodvrat katdhinia petald tov dvo dxkpov. Mn
dlotdoete va YpNoLonotoete 6Ao 1o £0pog aptBpdv petald -1- ka -7-. Tavtdypova
unv avnovyeite yua 10 ndoo cvyvl ypnoponoeite Evav cvykexpiuévo apud apkel va
avTpooOnedEl Tpaypoatikd v kpion cag. Epyaoteite apxketd ypiiyopa wotdoo, cog
nupaKkoioVpe va eiote mpooektikoi otig afohoynoelg cag’. MH BAOMOAOI'EITE
AEEe1g mov de yvopilete.

HMopaderypa:
AHMOKPATIA @ ) 3 4 5 6 B
Agnpnpévn Zuykekpipévy
KAPEKAA 1 2 3 4 5 6 @
Agnpnpém ZuyKexpipévn

N
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aprPNUEVT

AYKOZ

1

Ae yvopilom ™ A£ln

CUYKEKPIHEWT

7

TIFTPHI

1

7

AIONTAPI

APKOYAA

ZIQIAZ

DOAAAINA

KAMHAONAPAAAH

FATOZ

FAIAAPOZ

ZKIOYPOZ

KATZIKA

APNI

AFEAAAA

FOYPOYNI

MEPIZTEPI

MAMNATAAOZ

KANAPINI

EAADI

XPYZOWAPO

XAMZITEP

KOYNEAI

Agapetikdéma
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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Ae yvopilo m Aédn

Agapetikdémra
apnenUEVT GUYKEKPIPEVT)
NANOHPAZ ! 2 i ) > § 7 []
KAPXAPIAZ ! 2 3 . 3 6 7 []
AEOMNAPAAAH : 2 y & > 6 7 []
TSITA 1 2 3 4 5 6 7 |:|
MMNAPMMOYNI ! 2 3 . 3 § ! []
[AYPOE 1 2 3 4 5 6 7 []
- 1 2 3 4 5 6 7 ]
MAPIAK 1 2 3 4 5 6 7 ]
NEZKANAPITIA : 2 s g i § 7 []
S 1 2 3 4 5 6 7 ]
TEINOYPA 1 2 3 4 5 6 7 []
AABPAKI 1 2 3 4 5 6 7 ]
SOAOMO3Z ! 2 3 5 3 6 7 []
TONOE 1 2 3 4 5 6 7 ]
XEAIAONOWAPO : : 3 ) ) 6 7 []
SAPAEAA 1 2 3 4 5 6 7 ]
KOYKOYBATIA : 2 s . 3 6 7 L]
AETOX 1 2 3 4 5 6 7 ]
SEAAON] 1 2 3 4 5 6 7 ]
ZNOYPIITI 12 3 4 5 6 7 []
AHAONI 1 2 3 4 5 6 7 []
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Ae yvopilo m A&l

Agapetikdémra
apnENUEVY GUYKEKPIPEWT
TPIZONI : N 2 ! []
— 1 4 5 7 []
TEPAKI ! ) > 7 [
KOPAKI ! 5 ) 7 ]
NAMIA ! ) > 7 []
XHNA 1 4 5 7 |:|
AEAEKI ! ) > 7 [
NEAAPIOX ! 4 . ’ L]
TAAPOZ ! ) > ! []
MEAIZZIA : § 3 7 ]
NETAAOYAA ! . . 4 []
MYTA 1 4 5 7 |:]
KOYNOYMI ! : » 7 ]
NAMAPOYNA ! ) 3 7 []
TEPMITHZ ! 5 3 7 ]
IKAGAPI ! ) > ! L]
AKPIAA ! ) > ! L]
KATZIAPIAA ! ) . ! L]
KAMIMIA ! ) i 7 L]
IKOYAHKI ! 4 > 7 [
SOHKA 1 4 5 7 |:|

6
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woMmi

apnpnuivn

1

Ae yvopilo m ALn

CUYKEKPIHEVT)

7

MAKAPONIA

1

7

MOYZAKAZ

DAZOAIA

DQAKH

AOYBI

AOYKANIKO

ZANAMI

KAPOTO

KOYAOQYPI

MIMIZKOTA

NTOMATA

TYPI

FAPIAA

KAITANO

MAZIMAAI

KOTOMNOYAO

FTAAOMOYAA

MATATA

PYZI

ZANATA

AgapenikémTa
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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Ae yvopilo ™ A£n

Agapetikdéma
appNuEVY CUYKEKPIPEVT)
MNOYProOYPI ! 4 3 7 D
ZOYBAAKI ! 4 > 7 D
MMNIOTEKI ! 4 3 7 D
AYTA ! 4 3 7 D
AOYKIZZA ! 4 ) 7 D
KAPYAA : i3 ! [
KAAAMIOKI ! 4 > ! u
TAPTA ! 4 3 7 D
ZOKOAATINA ! : 3 7 D
MIAQEI ! 4 3 7 D
MNPO®ITEPOA ! 4 3 7 D
NIZTATZIO ! : 3 7 D
NArQTO ! 4 3 7 D
KOK 1 4 5 7 |:]
KPENA ! 4 3 7 D
BAOAA 1 4 5 7 |:]
NTONAT ! 4 3 7 D
MAKAABAZ ! 4 » 7 D
KATEI®I ! 4 3 7 D
FTAAAKTOMNOYPEKO ! : » 7 D
NMOYPEKIA ! 4 ) 7 D
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Ag yvopilo ™m A£dn

Agaipenikomn o
apnPNUEVT GUYKEKPIPEWT
ANAPOKPEMA ! 2 3 . 3 8 ! []
SAMAN 1 2 3 8 5 6 7 ]
PARANI 1 2 3 4 5 6 7 ]
TIIZKEIK ! 2 3 4 3 6 7 ]
MHAONITA ! 2 3 ) 3 8 ! []
KOYPAMMIEZ ! 2 3 ) ) 8 ! []
MEAOMAKAPONO ! 2 3 ) ) 8 ! []
S 12 3 4 5 6 7 ]
KANEAR 1 2 3 1 5 6 7 []
KAPAAMO 1 2 3 4 5 6 7 |:|
— 1 2 3 1 5 6 7 []
TAYKANIZOZ ! 2 3 ) ) b ! []
TOYPMEPIK ! 2 3 § ) 6 7 ]
SAOPAN 12 3 4 5 6 7 ]
XAAOYMI ! 2 i § 3 6 7 ]
ANAPH 12 3 4 5 6 7 ]
MYZHEPA 12 3 4 5 6 7 ]
TPABIEPA ! 2 3 ) ) 6 ! []
KEQAAOTYPI ! 2 ? ) ) 6 ! L]
NAPMEZANA ! 2 i N ) ) 7 []
MOTEAPEAS 1 2 3 4 5 6 7 ]
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Ae yvopilo ™ ALl

Agapenikdmnta
apnpnuévn CUYKEKPIHEVT)
ENTAM ! : 3 7 |:|
KAZEPI ! § 3 7 D
FTKOYNTA ! 4 3 7 D
AAXANO ! § 3 7 D
ATTOYPAKI ! : ) 7 |:|
MAPOYAI ! § 3 7 |:|
ZMNANAKI ! 4 3 7 D
POKA 1 4 5 7 []
ZEZKOYAO ! : 3 7 |:|
PATMANAKI ! 4 > 7 |:|
MANTZAPI ! 4 ) 7 D
ATKINAPA ! ) 3 7 D
KOYAOYMITPA ! 4 3 7 |:|
KPEMMYAI ! : > 7 |:|
MAINTANOZ ! 4 3 7 []
KOAIANAPOZ ! 4 3 7 D
KOAOKYOI ! : ) 7 |:|
KOAOKAZI ! : 3 ! |:|
NEPO 1 4 5 7 |:|
ANAWYKTIKO ! ) 3 7 D
OAONTOKPEMA ! . ) 7 |:|
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Ae yvopilo m ALy

Agapenikémra
apnpNUEVT GUYKEKPIPEWT)
XAPTI ! ) ) 7 []
KAGAPIITIKO ! . ) ! [
®POYTO : £ ? ! [
AAXANIKO ! ) 3 4 []
MOYITAPAA ! ) 3 7 []
KETZAN : . 3 ! [
MATIONEZA ! ) 3 7 []
AHMHTPIAKA : . 3 ! []
JOKOAATA ! . 3 4 []
AEMONAAA : ) 3 4 []
WAPI 1 4 5 7 |:|
KATEWYTMENA : N 3 ! []
OAONTOTAY®IAA ! ) 3 7 []
NAYNTHPIO : N 3 ! []
MAAAKTIKO ! ) 3 7 []
T3AI 1 4 5 7 D
KADES 1 4 5 7 [:]
KAKAO 1 4 5 7 D
BOTANO ! . 3 7 L]
MMNAXAPIKO : N 3 7 [
KPEAS 1 4 5 7 |:]
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Ae yvopilo ™ A£dn
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1
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FPABATA

BPAKI

EZQPOYXA

ZIAPMA

KAZKOA

ZAKAKI

MNAATO

ZOYTIEN

ZIBATKO
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4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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KAOPEQTHZ

apPNUEVT

1

Agapetkémra

Ae yvopilm ™ A£En

CUYKEKPIHEWT)

7

KAANAGOZ

1

7

MANTHAI

AAMINA
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THAEOPAZH
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Ae yvopilo ™m A£dn

Agapeuxodmra
appnuEvn CUYKEKPEWT)
MNOY®ES 12 3 4 S5 6 7 []
BIBAIOOHKH 12 3 4 5 6 7 []
YNOAOTISTHE 12 3 4 S5 6 7 ]
WYTEID 1 2 3 4 5 6 17 ]
®OYPNO 12 3 4 5 6 7 ]
KOYPTINA 12 3 4 5 6 7 []
TOYAAETA 2 3 4 5 6 7 []
MAANIO 1 2 3 4 5 6 1 ]
AMMAZOYP 12 3 4 5 6 7 []
SAMOYNI 1 2 3 4 5 6 1 ]
PR 1 2 3 4 5 6 1 ]
SOVPI 12 3 4 5 6 17 ]
SOYTIAS 1 2 3 4 5 6 1 ]
NESSA 1 2 3 4 5 6 1 ]
CAELA 1 2 3 4 5 6 7 ]
KABOYPAS 12 3 4 5 6 7 ]
TPYNANI 12 3 4 5 6 7 []
CATSABIAL 1 2 3 4 5 6 1 ]
TEKIAA 1 2 3 4 5 6 7 ]
AYKOS 12 3 4 5 6 7 ]
TITPHE 1 23 4 5 6 7 ]

15
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Ag yvopilo m ALdn

Agapetikdéma
aprPNUEVT GUYKEKPIHEVT
AIONTAPI ! 3 . 3 6 7 []
APKOYAA ! 3 § ) 6 7 []
— 1 3 4 5 6 7 []
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Appendix 7: Inclusion Criteria Checklist

1L

Patient’s Name:

GFinADStudy

ALZHEIMER'’S DISEASE

Criteria Inclusion Rates
Mini Mental State Examination
Score (MMSE) 17-24 Ak
Global Deterioration Scale (GDS) 4or5 AT
Instrumental Activities of Daily
Living (IADL) 10-20 AT
Activities of Daily Living (ADL) <5 AT
Geriatric Depression Scale-30
(GDS-30) <13 AT
MRI clinic
Visual abilities within normal range AT
Hearing abilities within normal range AT
TMS safety Screening pass AT
Caregiver who agree to be AT
responsible throughout the study
Stable Medical & for at least 2 months doct
Pharmacological condition prior to the study octor
if they are taking the
Cholinesterase inhibitors medication for more doct
medication that 2 months prior to octor
the study
Psychoactive medication within absent doct
the last 2 months octor
Under drugs with anticholinergic absent
; doctor

properties
Absence of any clinically absent
sngnnﬁcant mednc.a! history that i
may induce cognitive
deterioration
Diagnosis of epilepsy i doctor
Medical implants in the head or absent doctor
pacemaker

N . absent doctor
Brain injury history
Surgery to the heart or stroke s i
DIAGNOSIS OF PROBABLE DOCTOR
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Appendix 8: Developed Neuropsychological Material & Thesis

Publications

Links to the developed material:

o Unique word lists

o The Cypriot Word Pool

o Alzheimer’s Disease Assessment Scale-cognitive subscale-12 / Form A’

o Alzheimer’s Disease Assessment Scale-cognitive subscale-12 / Form B’

Thesis publications:

Traikapi, A., Kalli, I., Kyriakou, A., Stylianou, E., Symeou, R. T., Kardama,
A., Christou, Y. P., Phylactou, P., & Konstantinou, N. (2022). Episodic memory
effects of gamma frequency precuneus transcranial magnetic stimulation in
Alzheimer's disease: A randomized multiple baseline study. Journal of
Neuropsychology, 00, 1-23. https://doi.org/10.1111/jnp.12299

Traikapi, A., & Konstantinou, N. (2021). Gamma oscillations in Alzheimer’s disease and
their potential therapeutic role. Frontiers in Systems Neuroscience, 154.
https://doi.org/10.3389/FNSYS.2021.782399

Traikapi, A., Phylactou, P., & Konstantinou, N. (2022). Repetitive transcranial magnetic
stimulation of the human motor cortex in the gamma band reduces cortical
excitability. Neurophysiologie clinique= Clinical neurophysiology, 52(5), 407-409.
https://doi.org/10.1016/j.neucli.2022.09.005
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