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PET positron emission tomography
PVF phonemic verbal fluency

SD standard deviation

SVF semantic verbal fluency



II. SCOPE OF THE THESIS
Cognitive disorders represent a worldwide problem: at present, more than 55 million people
are living with dementia, and the number of cases is estimated to reach around 150 million
by the year 2050 (Nichols et al., 2022). Early diagnosis of the disease is pivotal as it
provides patients with a higher chance of benefiting from their treatment, while also aiding
them and their relatives to access relevant information regarding the condition, to cope, and
to plan for the future.

Mild cognitive impairment (MCI) is a heterogenous syndrome, characterized by a
subtle deficit of memory, language, and executive skills, and is often considered the
prodromal stage of dementia. Thus, it plays a major role in the identification of individuals
at risk of dementia.

Primary care is another significant factor in the recognition process: as in many
health systems, GPs are the first contact point for elderly patients seeking health care, they
are in a unique position and as gateways, they play a major role in the recognition of
cognitive decline. Despite this, high rates of undetected dementia in primary care are a
widespread problem. The evaluation of GPs’ routines could help us to enhance the currently
low recognition rates. Since barriers toward effective dementia detection include the low
use of cognitive assessment methods, it is crucial to offer healthcare providers cognitive
screening tools that are quick, simple, and can yield objective and reliable results.

This thesis comprises the results and conclusions drawn from two original research
articles. In the first paper, our main goal was to assess Hungarian GPs’ routines and views
regarding the screening of dementia in primary care practices. The aim of the second study
was to introduce a new approach to the analysis of verbal fluency tests. In this method, we
created temporal parameters based on the silent segments, the hesitations, and the irrelevant

utterances found in the fluency voice recordings.



I11. INTRODUCTION

1. Aging and cognitive health

The advances in medical sciences, the availability and the development of better public
health care allow people worldwide to live longer, resulting in a higher average life
expectancy than in previous decades and centuries. According to estimations, by 2030, 1.4
billion individuals — one in every six people — will be 60 years or older (WHO, 2022). In
relation to this, the number of the oldest old is also rising — people over the age of 85 are
currently the fastest-growing age group in many countries (National Institute on Aging,
2007). Besides the general benefits of the globally increasing life expectancy, this trend
also presents challenges, as the health care system now has to face more cases of chronic
diseases, and age-associated neurocognitive disorders that mainly affect the elderly
(National Institute on Aging, 2007).

Dementia is one of these conditions, and it is currently affecting around 55 million
people worldwide. Based on predictions, by 2050, the number of dementia cases will reach
150 million globally (Nichols et al., 2022), while in Europe, the number of dementia cases
is estimated to increase to 15.9 million by 2040 (compared to the number of 7.7 million in
2001) (Meijer et al., 2022). In Hungary, the approximated number of patients with dementia
lies between 150,000 and 300,000 registered cases (Ersek et al., 2010; Takacs et al., 2015).
In 2018, 1.49% of the population was suffering from dementia in the country. Additionally,
despite the decrease in the population of Hungary, the cases of dementia are estimated to
rise in the following years (Alzheimer Europe, 2019).

Being a public health priority in more and more countries, dementia represents a
substantial economic burden worldwide. With the increasing number of individuals
affected by the disease, the economic impact is also predicted to rise (Meijer et al., 2022).
When describing the economic costs of dementia regarding the patients and their families,
two types of costs have to be mentioned. One is the medical and long-term care cost, while
the other is the value of unpaid (or informal) care which is most commonly provided by
close family or friends. This estimated cost per year is about four times higher than the cost
required by similarly aged persons without the condition (National Academies of Sciences,
2021). While dementia-related costs vary significantly from country to country, a study
conducted in Europe showed that the cost per patient per year can range from 162.9 to
32,606.9 EUR (Meijer et al., 2022).



2. Neurocognitive disorders

Cognitive abilities tend to peak at around the age of 30. From early adulthood, even in the
absence of cognitive disorders, one’s cognitive skills start to decline gradually, which
phenomenon we can refer to as normal cognitive aging. It is associated with the decline of
several cognitive abilities, such as certain aspects of memory (e.g., delayed free recall,
source memory, prospective memory), language, processing speed, visuospatial abilities,
and executive functions (Harada et al., 2013). The decline affecting memory and reasoning
shows a modest speed until around the age of 65, from which the deterioration accelerates
(Salthouse, 2019). Understanding the magnitude of these cognitive changes is pivotal to be
able to distinguish the age-associated neurocognitive decline from the symptoms of
neurocognitive disorders (Harada et al., 2013).

In 2014, the concept and the term subjective cognitive decline was described. It has
been defined as a self-perceived cognitive decline in any cognitive domain, which does not
need to be confirmed by objective tests or by an informant, and is not associated with a
specific disease (Jessen et al., 2014).

The term neurocognitive disorders (NCD) was introduced in the 5" Edition of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5). NCD refers to a group
of disorders (including delirium, major NCD and mild NCD), in which cognitive deficits
are the most prominent and defining feature, and the impairment in cognition is acquired,
which means that there is a decline in cognition compared to a previous level of cognitive
functioning (American Psychiatric Association, 2013; Sachdev et al., 2014).

2.1. Dementia (major neurocognitive disorder) — definition and description

The word dementia derives from the Latin word demens, literally meaning “out of
someone’s mind” (Assal, 2019). Dementia is increasingly referred to as major NCD, due
to the stigmatizing effect of the former; however, the term has not yet gained much currency
and is still commonly used in the scientific literature as dementia, therefore, it will be
referred to as such in this thesis as well. Based on the DSM-5, its diagnostic criteria include
a “significant cognitive decline from a previous level of performance in one or more
cognitive domains” which deficits “interfere with independence in everyday activities”
(American Psychiatric Association, 2013).

Dementia is not a specific disease; it is rather a group of symptoms. In patients with
dementia, multiple higher cortical functions are disturbed, including memory, thinking,

orientation, comprehension, calculation, learning, language, and judgment. These cognitive

4



symptoms are often accompanied or sometimes preceded by the decline of emotional
control, social behavior, or motivation (World Health Organization, 2019).

Dementias are often progressive and irreversible, however, depending on the
etiology, some may be reversible, in which case the underlying condition can be
successfully treated. There are several modifiable factors (including cardiovascular,
metabolic, endocrine, and lifestyle factors) that can modulate susceptibility to dementia: up
to 50% of dementia cases can be attributable to these changeable factors. Knowing this
rate, from a preventive point of view, it is pivotal to be aware of the health and lifestyle
factors and habits that can be avoided or managed (Barnes & Yaffe, 2011).

Among reversible dementias, drug and alcohol toxicity and depression (i.e.,
pseudodementia) are the most significant causes, while nutritional deficiencies (e.g.,
Vitamin B12 deficiency), metabolic diseases, or even infections can also be mentioned
(Rone-Adams et al., 2013; Tripathi & Vibha, 2009). Regarding progressive dementias, the
most common types are Alzheimer’s disease (AD) (accounting for 60-70% of the cases),
frontotemporal lobar degeneration, Lewy body disease, and vascular disease (Rone-Adams
et al., 2013; World Health Organization, 2017). Nevertheless, the underlying pathologies
often overlap: for example, around 80% of patients with AD show vascular pathology (e.g.,
vascular lesions, such as large or microinfarcts or atherosclerosis) as well (Toledo et al.,
2013).

Although dementia is often considered a disease of the elderly, and indeed, old age
is one of its greatest risk factors, not all elderly people fall victim to it. It is pertinent to
note, that the disease may occur at a younger age, in which case (i.e., before the age of 65)
it is referred to as early-onset dementia (Alzheimer’s Association, 2013; Vieira et al.,

2013), which may account for 9% of dementia cases (World Health Organization, 2022).

2.2. Mild cognitive impairment — definition and description

The earliest concept of minor cognitive decline, a “grey zone” between healthy cognitive
aging and major cognitive decline was first reported in patients in the late 1980s and 1990s
(Geda & Nedelska, 2012). In the past decades, there has been a growing interest in the
research of the condition.

Using the Global Deterioration Scale (GDS), Reisberg and colleagues introduced
the expression mild cognitive impairment (MCI) in 1988. GDS is a test administered by the
clinician, and it is based on subjective complaints and objective observation of the memory

deficit, as well as a clinical interview and a functional ability assessment of the patient. In



their article, mild cognitive impairment corresponds to the severity level 3 on the scale,
which describes “with only minimal functional impairment” (Reisberg et al., 1988).

Ten years later, Petersen and colleagues further developed the term MCI (Petersen
et al., 1999), and they proposed criteria for the condition, as follows: (1) subjective
complaint — preferably corroborated by an informant, (2) objective memory impairment for
age, (3) relatively preserved general cognition for age, (4) intact activities of daily living,
and (5) not demented (Petersen, 2004). In 2011, the National Institute on Aging and
Alzheimer’s Association (NIA-AA) also created a recommendation for the diagnosis of the
preclinical stages of dementia (Albert et al., 2011).

MCI is now widely defined and viewed as an intermediate or transitional stage
between healthy cognitive aging and dementia. Mild neurocognitive disorder, a diagnostic
entity introduced in the DSM-5 shows strong similarities with MCI, although the diagnostic
approaches related to them are not identical (Bermejo-Pareja et al., 2021; Stokin et al.,
2015).

MCl is a heterogenous condition (Winblad et al., 2004), and its characteristics vary
in terms of subtypes. Based on the observed symptoms, MCI can be classified into amnestic
(aMCI) or non-amnestic (naMCI) forms, while, considering the observed cognitive deficits,
it can be divided into single- or multiple-domain subtypes. In aMCI impairments are
observed predominantly in memory, while in the case of naMCI, negative changes occur
in executive functions, attention, visuospatial ability, or language (Senanayake et al., 2016).
In single-domain MCI, only one major cognitive domain is impaired (e.g., memory or
executive functions), while in multiple-domain MCI more than one area is affected.

The incidence of MCI is fairly high among the elderly: approximately 15-20% of
people at age 65 or older have MCI (Roberts & Knopman, 2013). Even though its outcome
is not certain, one of the significant aspects of this condition is that it is associated with an
increased risk of developing dementia later on (Alzheimer’s Association, 2018; Roberts et
al., 2014). Before reaching the diagnostic threshold of probable Alzheimer’s disease, most
patients experience a subtle cognitive decline, the characterization of MCI (Petersen et al.,
2001), which presymptomatic phase can last for several years (Jack et al., 2013; Liss et al.,
2021). Compared to cognitively healthy subjects, the conversion rate of Alzheimer’s
dementia can be 3.1 times higher in persons with MCI (Bennett et al., 2002). In a recent
study, researchers found an 18.4% 1-year conversion rate from MCI to dementia
(Thaipisuttikul et al., 2022). However, the progression to dementia is not inevitable: some

MCI patients remain in a state of mild memory impairment or even recover (Winblad et
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al., 2004). Furthermore, in a longitudinal study with 12 years of follow-up, the authors
found the reversion rate to be as high as 58%, suggesting that patients with MCI could have

a high chance of a positive prognosis (Overton et al., 2019).

2.3. The importance of early recognition

Although the two terms are often used interchangeably, it is worth mentioning briefly the
difference between the early and the timely diagnosis of dementia. The term early diagnosis
is usually used for a diagnosis that is made in the earliest stages, i.e., at the very first signs,
or even before the manifestation of cognitive symptoms — often by relying on biomarkers.
In contrast, timely detection is defined as “disclosure of the diagnosis at the right time for
the individual with consideration of their preferences and unique circumstances” (Watson
et al., 2018, p. 2). Compared to early diagnosis, which emphasizes the benefits that can
stem from early interventions, timely diagnosis is considered a more person-centered
approach (Auso et al., 2020; Dhedhi et al., 2014; Watson et al., 2018).

In July 2021, the U.S. Food and Drug Administration approved Aduhelm
(aducanumab) for the treatment of AD. Despite the insecurities regarding its significant
clinical effects, it shows promising results based on the clinical trials conducted so far
(Golde, 2022; Haddad et al., 2022). However, at present, there are still very limited disease-
modifying treatment options for dementia: most of them only offer symptomatic treatment
(Perneczky, 2019). However, early recognition is crucial in MCI and dementia, because it
can provide an opportunity to reduce the rate of cognitive decline (Hahn & Andel, 2011),
as interventions applied at the early stage of the disease are more likely to be effective
(Sindi et al., 2015). In parallel, early detection allows better patient follow-up and helps to
observe the disease mechanism as well (Brodaty et al., 2017). It also benefits the patients
and their family significantly: it supports maintaining the independence of the patient, (e.g.,
helps to find strategies and tools to maximize independence), offers the opportunity to treat
or control any comorbid conditions or factors that influence the cognitive decline (e.g.,
major depressive disorder, metabolic disorders, or certain lifestyle factors) and offers a
chance for the family and relatives to start planning for the future (Knopman & Petersen,
2014; Liss et al., 2021). The diagnosis can also provide an explanation to the patients and
their families regarding the recent cognitive or affective changes they may experience in
their daily life (Ismail et al., 2010).

Despite its value, the difficulty of early dementia recognition is a global problem:

research suggests that the rate of undetected dementia can reach 60% in the community



setting or residential or primary care; moreover, many cases of AD remain undiagnosed

even after years of the symptom manifestation (Boustani et al., 2003; Lang et al., 2017).

2.4. The road to diagnosis — the role of primary care
General practitioners (GPs) are greatly involved in the early stages of the dementia
recognition process, as most patients visit them first to have their initial cognitive
examination (Wilkinson et al., 2004).

The first step of the diagnostic process is usually a subjective complaint — voiced
by the patients themselves, or by a close family member (often referred to as an informant).
These complaints often regard difficulties in remembering things (e.g. forgetting names of
acquaintances), in language use (e.g. word-finding difficulties), in orienting oneself in not
familiar environments, misplacing personal items, losing track in conversations or losing
track of the train of thoughts, or forgetting the aim of an ongoing activity (e.g., going into
a room to fetch something) (Nelson & O’Connor, 2008). Even though subjective memory
complaints play an important role in the detection of cognitive decline, a study found no
relationship between the subjective feeling of deterioration and the actual level of cognitive
functioning. Rather, including the complaints in the diagnostic process may lead to
misclassification. Another important observation is that while cognitively intact subjects
tend to overestimate their cognitive problems, MCI patients underestimate their cognitive
difficulties (Edmonds et al., 2014).

It is also worth noting that when patients with early complaints go through a
cognitive evaluation, a substantial proportion of them perform normally on global cognitive
tests (for example on the Mini-Mental State Examination (MMSE)), which can delay the
recognition of the condition. Thus, applying detailed cognitive assessments that are not
only sensitive but cover multiple cognitive domains (such as memory, language,
attention/executive functions, visuoperceptual/visuoconstructional performance) is pivotal
(Lopez, 2013).

One of the main obstacles to effective dementia case-finding in primary care
however is the low use of standardized cognitive tests. Although there are several available
tools to guide the diagnostic process, the clinical diagnosis of MCI is still very often
determined by a doctor’s professional judgment regarding the causes of the patient’s
symptoms (Dementia Australia, 2020). Not only is dementia a taboo topic for many GPs
(Kaduszkiewicz et al., 2008), but some of them also experience ambivalence regarding the

advantages of early diagnosis (Hansen et al., 2008). The recognition rates are further



influenced by cultural background and even gender: the awareness and concerns for
cognitive deficits vary greatly between different ethnic and occupational groups and sexes
(American Psychiatric Association, 2013).

Besides the complaints reported by the individual or their family members, GPs’
concerns about signs of dementia during patient consultation, targeted case-finding, and
population screening can also be potential pathways to the identification of cognitive
disorders. Based on the literature and the related guidelines, the views on the value of
cognitive impairment screening are controversial. In their recent review, the US Preventive
Services Task Force concluded that there is a lack of evidence to determine the balance of
advantages and disadvantages of screening (Owens et al., 2020). Even though numerous
studies concluded that there is no evidence of the negative impact of screening, recent
guidelines on the diagnosis of dementia do not support the routine screening of
asymptomatic individuals (Ismail et al., 2020; Ranson et al., 2018).

In Hungary, after the first consultation, GPs can decide, if needed, to carry out basic
neuropsychological tests (of which the MMSE and the Clock Drawing Test (CDT) are
financially reimbursed) and/or refer potential dementia patients to secondary care (e.g.,
memory clinics, psychiatric care, neurology) for further investigation. It is important to
note, that the above-mentioned brief cognitive tests are not designed for the diagnosis of
dementia or MCI: rather, their role is to highlight the need for further, targeted examination
or referral of the individual with positive results (Owens et al., 2020). The establishment of
the diagnosis, the identification of the etiology based on the International Classification of
Diseases — 10th revision (ICD-10), and the prescription of the necessary medications are

the tasks of psychiatrists or neurologists.

3. Identification of neurocognitive disorders

3.1. Clinical characterization
There are several approaches for identifying the presence of MCI or dementia. Clinical
characterizations can guide physicians, and, for better diagnostic accuracy, may be
combined with neuropsychological or laboratory tests (Chun et al., 2021). Among the most
widely-known sets of criteria for MCI, there are Petersen’s criteria (Petersen et al., 1999),
the NIA-AA Criteria (Albert et al., 2011), and the Jak-Bondi criteria (Jak et al., 2009).
These sets of criteria are also commonly used as comparison standards when evaluating the

diagnostic accuracy of other cognitive tests (Chun et al., 2021).



3.2. Biological approaches
Since the cognitive deterioration in MCI is so subtle that the onset of the condition can be
hardly identified only by cognitive evaluation, the assay of biological markers has been an
increasingly common practice in the last decades (Takeda et al., 2006; Tucker-Drob, 2019).
Neuropathological measurements not only aid the identification of the specific subtypes of
dementia but are also useful in the examination of disease progression (Tucker-Drob,
2019).

The deposition of amyloid can be observed 10-20 years before the clinical
manifestation of AD, and thus can act as a useful marker for the presence of MCI (Takeda
et al., 2006). Currently, the routinely used biomarkers for MCI and AD are cerebrospinal
fluid (CSF) biomarkers tau and AB1-42 (Giau et al., 2019; Ma et al., 2022; Shaw et al.,
2009).

Regarding neuroimaging, several modalities have been used targeting the
identification of MCI or AD: diffusion sensor imaging (DTI), structural magnetic
resonance imaging (MRI), functional MRI (fMRI), or positron emission tomography (PET)
(Wee et al., 2012). Using PET, glucose hypometabolism in the parietal and temporal
regions can indicate neurodegeneration (Anchisi et al., 2005). In patients with AD as well
as MCI, MRI studies have shown atrophy in the hippocampal and entorhinal cortices and
grey matter loss in the thalamic regions (van de Mortel et al., 2021; Wolz et al., 2011). In
a longitudinal neuroimaging study, even though tissue loss was present in non-demented
individuals as well, the observed change — in whole brain volume, ventricular CSF,
temporal grey matter, orbitofrontal and temporal association cortices — was significantly
accelerated in the case of MCI patients. Thus, these regions help to differentiate MCI from
age-related changes (Driscoll et al., 2009).

Besides the decline of memory and executive functions, language impairment is
another significant characteristic of dementia and is present even in the preclinical phase
of the disease (Cuetos et al., 2007). As such, language deficits are also considered as
promising candidates as biomarkers for the diagnosis of MCI. In speech analysis studies,
the goal is to focus on and identify speech features that later can be feasible to differentiate
between the healthy and the cognitively impaired population. The investigated features
include temporal parameters (such as speech and phonation time, number and proportion
of pauses, or prosodic rate), phonological variables (such as spectrum features or syllabic
variability), voice quality measures, and amplitude parameters (Martinez-Nicolas et al.,
2021).

10



3.3. Cognitive and neuropsychological tests

Despite the growing availability regarding the assessments of the above-mentioned
biological measures, evaluating the cognitive changes remains the driving factor in the
diagnosis of dementia and MCI (Tucker-Drob, 2019). According to a systematic review of
clinical guidelines, the application of neuropsychological tests is the most often
recommended approach besides biomarker assessments when it comes to MCI detection.
Several neurocognitive tests have been proposed for the screening of MCI, such as the
MMSE, the Montreal Cognitive Assessment (MoCA), the California Verbal Learning Test,
or the Boston Naming Test (Y.-X. Chen et al., 2021). The most recent guidelines in
Hungary recommend the following screening tests: MMSE, Addenbrooke's Cognitive
Examination, Addenbrooke's Cognitive Examination-Revised, Addenbrooke's Cognitive
Examination-I1l, MoCA, Alzheimer’s Disease Assessment Scale — Cognitive Subscale
(ADAS-Cog), and the CDT (Egészségiigyi Szakmai Kollégium, 2020).

Since there are no specific and widely-accepted practical guidelines — in terms of
tests to use and cut-off scores to implement —, there is a high heterogeneity and
inconsistency both in research and clinical practice when it comes to the diagnosis of MCI.
Even though regarding neuropsychological tests, there is no definitive operationalization
for the MCI diagnosis, an impairment of 1.0-2.0 standard deviation (SD) below adjusted
norm scores (with regards to age, education, and cultural background) on at least one test
(assessing memory, executive functioning, attention, language or visuospatial skills) has
been put forward (American Psychiatric Association, 2013). The decision about the
applicable screening tool is influenced by several factors: the referral question, the
functional status of the patient, or the theoretical background of the specialist, among others
(Nelson & O’Connor, 2008).

Because the implementation of a complex and extensive diagnostic protocol can
take up a considerable amount of time, the routine method for the diagnostic process is
utilizing brief cognitive screening tests (Chun et al., 2021). The optimal screening test is
short and easy to administer, and at the same time effective, free from biases associated
with demographic factors, and is also acceptable for elderly patients (Lorentz et al., 2002).
Besides showing high sensitivity, a screening tool at the primary care level is preferably
not too specific, to ensure high yield (Abd Razak et al., 2019). Moreover, because of the
high prevalence of MCI (ranging from 16% to 20%), it is favorable to have a screening
method that allows targeting a large number of potentially affected individuals at frequent

intervals (L. Chen et al., 2020; Roberts & Knopman, 2013). In their systematic review, Abd
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Razak and colleagues separated three main approaches to the screening measures used at
the primary healthcare level: the instrument can be (1) administered by healthcare
providers, (2) by the patient, or (3) the caretaker can fill out a self-administered
questionnaire (Abd Razak et al., 2019).

Many studies had cataloged, evaluated, and ranked dementia screening tools based
on different aspects. The most frequently used tools for the screening for MCI are the
MoCA, the CDT, and the MMSE (Abd Razak et al., 2019; Chun et al., 2021), while the
Mini-Cog is also widely used (Fernandes et al., 2021). Even though MMSE is the most
commonly used tool in research and clinical settings, MoCA seems to have a better ability
to detect the subtle cognitive decline of MCI (Abd Razak et al., 2019; Ciesielska et al.,
2016). Based on a review of the diagnostic accuracy of MMSE regarding MCI, MMSE
seems to have a sensitivity ranging between 45% and 77%, and a specificity ranging
between 53% and 92% for the detection of MCI (Lin et al., 2013). Compared to this, MoCA
seems to have a higher (83-97%) sensitivity to the presence of MCI (Abd Razak et al.,
2019).

4. Verbal fluency tests

4.1. Types and characterization

Verbal fluency tests are among the most common neuropsychological tests, administered
both in research and clinical settings. While their asset requirement is minimal, their
significant advantage is that they can be administered to individuals of various ages and
levels of education (Oberg & Ramirez, 2006). Verbal fluency tests can be divided into two
subtypes: phonemic (PVF) and semantic (SVF) verbal fluency, also known as letter fluency
and category fluency, respectively. In the standard versions of the tests, subjects are given
60 seconds to recall as many words as they can, which begin with a given letter (PVF) or
belong to a given semantic category (SVF). Their administration can vary based on the
phonological or semantic restriction set by the administrator.

PVF tests usually include 3 trials (with 3 different starting letters) (Lehtinen et al.,
2021). The starting letters in PVF have a significant effect, as they determine the number
and frequency of the eligible words (Strauss et al., 2006). According to the results of a
cross-linguistic meta-analysis of PVF, letters with high frequency in the target language
result in a higher number of words (Oberg & Ramirez, 2006). Mainly in English but in the

case of several other languages as well, the most commonly used letter combination for
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PFV is f, a, and s (Oberg & Ramirez, 2006; Olabarricta-Landa et al., 2017). In the SVF
tasks, frequently used semantic categories are animals, fruits, vegetables, and clothes, while
vehicles, objects, food items, and items found at home or in a supermarket are also applied,
although less frequently (Olabarrieta-Landa et al., 2017).

Besides these above-mentioned verbal fluency tasks, another, later developed
fluency task type, action fluency (or verb fluency) is also worth mentioning. When
performing action fluency, the participants have to produce as many verbs (“things that
people do”) as they can (Piatt et al., 1999).

Despite their simplicity, performing verbal fluency tasks requires the simultaneous
activation of multiple cognitive processes (Troyer et al., 1997). Besides evaluating
knowledge and memory, both PVF and SVF tests rely on other cognitive processes as well:
they assess the executive functions (divergent reasoning for generating category example,
flexibility while searching subcategories) and engage the working memory (the subjects
need to keep the exact instruction and prior responses in mind) (Mueller et al., 2015).
Cognitive control processes also play a major role in the execution of verbal fluency tests,
as during the test one must repress the repetitions and any potentially incorrect or irrelevant
responses (Shao et al., 2014). While both PVF and SVF require rapid associative
exploration, two different cognitive areas are involved in the process of performing them.
Since SVF relies more on semantic associations it reflects more on the integrity of semantic
memory, while PVF is more dependent on search strategies based on lexical representation
(Henry & Crawford, 2004; Teng et al., 2013). Furthermore, while both SVF and verb
fluency tasks are content-oriented (“guided by meaning”) speech tasks (Ostberg et al.,
2005; Vita et al., 2014), verb fluency may be more sensitive to the functions of frontal-
subcortical circuits (Cappa et al., 2002; Davis et al., 2010).

The validity of fluency tests for the assessment of verbal and executive skills has
been confirmed by multiple studies (Shao et al., 2014). Since these abilities, among others,
are proven to be altered in dementia and other forms of cognitive impairments, fluency tests
have great potential to become effective screening tools.

According to the results of a meta-analysis on verbal fluency performance, the
deficit of both PVF and SVF is related to the severity of dementia measured by the MMSE
(Henry & Crawford, 2004). It is worth mentioning however, that, fluency tests, and
especially SVF tests have significant advantages over MMSE. In contrast with the SVF
tests, MMSE is insensitive to some important cognitive domains, which are impaired in

dementia: for example, it does not include any tasks measuring executive functions.
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According to the research of Kim and colleagues, MMSE supplemented with verbal fluency
task (task type not specified) results in a significantly better screening ability for MCI than
using MMSE alone (Kim et al., 2014).

4.2. Verbal fluency analysis methods
The most traditional and widely-used method used to assess fluency performance requires
the researcher or clinician to score the number of unique and correct words that are
produced by the participant, while also counting the repetitions, perseverations, and
intrusive (incorrect) words. Especially in the case of PVF tasks, both error and repetition
scores offer cues for the detection of MCI and AD (Wajman et al., 2019).

If one wants to examine the task performance solely based on word count, the
traditional method can be refined by comparing the scores of the different time-intervals
(e.g., 0-20, 21-40, 41-60 secs) (Demetriou & Holtzer, 2017; Jacobs et al., 2020) or by only
considering the number of produced words regarding one interval (Venegas & Mansur,
2011). These methods have the advantage of enabling us to gain information about the
temporal dynamics of the word production. Based on observations, the number of recalled
words falls progressively during the time-span of the task (Cho et al., 2021; Demetriou &
Holtzer, 2017; Venegas & Mansur, 2011). This can be due to the different cognitive
processes that are dominant in the different stages of the task (mostly automatic word-
retrieval at the beginning and more controlled and effortful word-retrieval towards the end)
(Crowe, 1998; Fernaeus & Almkvist, 1998).

Although it is a less frequent approach, some studies focus on lexical-semantic
variables regarding the words, such as word frequency, familiarity, or typicality. A research
conducted among cognitively intact, aMCI, and AD patients showed that the cognitively
impaired groups produced words with higher typicality than control subjects, while high
typicality was also related to conversion to AD (Vitaet al., 2014). Word frequency can also
be examined regarding the time span of the tasks. Dor example, according to the results of
a study, the frequency of words in fluency tests decreases over time, i.e., while participants
list more common words at the beginning of the task, the words produced towards the end
of the task are less common (both in the healthy control and in the cognitively impaired
groups) (Linz et al., 2019).

A more elaborate fluency analysis method, the so-called cluster-analysis or
clustering is based on grouping the consecutive words that are similar in some respects

(e.g., rhyming words, homonyms, words beginning with the same two first letters in case
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of any phonemic fluency; pets or farm animals in case of animal fluency tasks) (Troyer et
al., 1997). As the executive functions involved in the test deteriorate with age, cluster size
(the number of words belonging to one subcategory) and the number of switching
(calculated as the number of clusters -1) also show a decreasing pattern with age (Zhao et
al., 2013). In SVF tasks, the number of switches seems to be able to differentiate between
subjects with healthy cognition and MCI (Oh et al., 2019). Impaired switching performance
in animal SVF test could be an effective precursor sign for the later conversion to AD.
Based on the results of a 17-year longitudinal study, lower switching index in the case of
future AD patients could be observed 5 years before the clinical diagnosis (Raoux et al.,
2008). Although the method of clustering can provide more in-depth information about the
underlying mental processes involved during the task, the procedure is rather lengthy and
burdensome. Most of the time it requires the manual coding and grouping of words, which,
besides being rather time-consuming can raise reliability issues, as it depends on how raters
determine certain subcategories (Cho et al., 2021; Taler et al., 2020). Furthermore, in the
case of SVF, the priori-determined subcategorization schemes cannot include all the
possible subcategories an individual may create (Woods et al., 2016).

4.3. Computational approaches

Owing to the fast development of mobile technology, increasingly more researchers
examine the way mobile platforms could aid cognitive assessment among the elderly.
Based on the level of innovation, Koo and colleagues suggested three main categories of
mobile assessments: (1) mobile or computerized versions of existing neuropsychological
tests, (2) novel cognitive tools developed specifically for using them via mobile platforms,
or (3) the use of new data types (e.g. game performance metrics or physical movement
changes) for cognitive assessment (Koo & Vizer, 2019).

In the past years, aiming to address the limitations of the manual methods and to
achieve large-scale analysis with objective and quick results, there have been multiple
attempts to automatize the application and analysis of verbal fluency tests. Most of these
attempts are focused on the automatization of scoring or the automatization of cluster
analysis. For the latter, the main goal is to automatize the identification of clusters to make
the process faster and less prone to inter-rater variability and subjectivity.

Cho and colleagues used automated analyses of letter fluency data: their algorithm
counted the number of correct responses from manual fluency transcripts (the number of

errors, e.g., proper nouns or numbers were subtracted using automated part-of-speech
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category tagging). By aligning audio signals using the transcript of verbal fluency, they
also extracted temporal measures, such as word start, word duration, and inter-word
reaction time (Cho et al., 2021).

In their pilot study, Ryan and colleagues presented a system for automated phonetic
clustering analysis. Their system used two methods for determining phonetic clusters (or
phonetic similarity): the common-biphone check (based on binary similarity values) and
the edit-distance method (based on phonetic-similarity score). According to the results,
their automated approach (using a common-biphone check) proved to be more sensitive to
brain damage or degeneration than the manual cluster-analysis (Ryan et al., 2013).

To be able to automatize the clustering process in the case of SVF, the strength of
semantic relatedness has to be measured automatically. For this purpose, numerous
researchers apply a technique called latent semantic analysis (LSA), which is based on the
co-occurrence of words in large corpora of natural text (including articles, books, and
speeches), representing the semantic context of a word. Based on these contexts, a numeric
value (between 0 and 1) might be derived to indicate the strength of semantic relatedness
between words (Ledoux et al., 2014; Pakhomov & Hemmy, 2014).

Woods and colleagues used another computational method called explicit semantic
analysis (ESA), which defines the strength of the semantic association between words on a
continuously varying scale utilizing word concept vectors derived from the analysis of
Wikipedia entries. According to the authors, the advantage of this method is that it
quantifies semantic relationships based on multiple conceptual similarities (e.g. taxonomic,
cultural, economic), and it can be applied to any semantic category (Woods et al., 2016).

In the past few years, researchers also introduced the analysis of temporal dynamics
of verbal fluency performances. Temporal information of the tasks is mainly combined
with semantic information, which is based on the idea that there is an association between
the meaning of the words (i.e., their relatedness) and the tempo at which they are generated
(Cho et al., 2021; Holmlund et al., 2019; Troger et al., 2019). In their research, Holmlund
and colleagues, following the manual transcription of the voice samples, used a forced
temporal alignment method to timestamp response-words, and evaluated the semantic
associations between individual words utilizing GloVe word vectors. Their results showed
that there was a correlation between the speed of speech and the semantic coherence
between successive words, indicating longer pauses between semantically less related
words (Holmlund et al., 2019). In their article, they highlight the fact that, by utilizing a

calibrated model, automatic transcription of digitally collected verbal fluency data is
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achievable with a relatively low error rate. Furthermore, by using automatic speech
recognition (ASR) system with high resolution (+/- 10 ms) and applying forced alignment
tools, one can gain valuable temporal information on verbal fluency tasks by time-stamping
each utterance in the recording (Holmlund et al., 2019).

Despite the multiple experiments on computational approaches of verbal fluency
analysis, there is no standardized tool for application yet. A major difficulty regarding the
fully automatic end-to-end analysis of audio fluency recordings stems from the
characteristics of the general 1-minute response. Voice recordings of fluency test
performances often comprise more than solely a sequence of task-relevant words: they
usually also contain extraneous speech, like filler words or hesitations (“er”, or “uhm”),
irrelevant comments (“oh it’s not as easy as I thought...”), questions directed at the
experimenter (“is there still time left?”), utterances that express loud thinking (“I’m not
sure, maybe | said this one before...”, “then there’s lion, and... lion, lion...”), or other parts
of speech, like conjunctions. To be able to automatically analyze the relevant parts, fluency
recordings need to go through an often time-consuming preparation process prior to
analysis: the words irrelevant to the tasks need to be removed from the
recording/transcription and in some cases, words need to be lemmatized (i.e., to be
converted to their stem) (L. Chen et al., 2020; Holmlund et al., 2019).

Given the substantial amount of task-irrelevant content in most fluency recordings,
the question arises whether the analysis of these segments could provide valuable

information regarding the overall performance of the patient.

In summary: Low rates of dementia and MCI detection in primary care is a global problem.
Since primary care practices act as the first step in the identification process, examining
GPs’ views and approaches towards the topic of cognitive screening could help us to
enhance the current ineffectual routines and thus, the low detection rates.

According to numerous studies conducted in various countries, both at primary and
at clinical health care levels, the most widely used, conventional evaluation process for the
detection of cognitive decline are traditional pen and paper testing methods. Even though
some of these brief cognitive tools show sufficient sensitivity, their administration and
scoring can be time-consuming for everyday use in clinical settings, and they can also pose
difficulty when their re-assessment is needed to monitor disease progression. Because of
their short and rather simple administration, verbal fluency tasks could be optimal screening

tools, however, their evaluation often requires a substantial amount of time, and some of
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the methods of analysis also raise inter-rater reliability issues. Thus, there is a great need
for low-cost and at the same time rapid methods that would allow the effective and

objective recognition and follow-up of the early stages of cognitive decline.
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IV. AIMS OF THE STUDIES

The first study focuses on dementia screening and detection in Hungarian primary care.

Therefore, in this study, we aimed to:

(1

(1)
(I

(V)

examine Hungarian GPs’ views regarding the early recognition and the current
recognition rates of dementia

identify the methods GPs use for dementia screening

evaluate GPs’ satisfaction with the available and most widespread neurocognitive
and dementia screening tests

explore GPs’ ideas about an ideal test for early recognition and those optimal
circumstances that could contribute to more effective dementia identification in

Hungarian primary care.

The focus of the second exploratory study of the thesis was to examine PVF and SVF audio

recordings by moving beyond the words listed by the participants and thus, by exploring

the additional, previously unharvested data present in the fluency recordings. Our aims

were to:

(1

(I

(1)

examine whether the derived temporal parameters differ between participants
classified as healthy control (HC) and as MCI

compare the traditional, word count-based method and the temporal parameters
regarding their ability to detect differences in the performance of the HC and MCI
groups

compare the different (phonemic and semantic) types of fluency tasks investigating

their sensitivity to the presence of MCI.
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V. MATERIALS AND METHODS
1. Studyl

1.1. Study questionnaire
As part of a national research project in collaboration between the University of Szeged
and the University of Pécs, a self-administered questionnaire was designed specifically to
explore a broad range of aspects regarding GPs’ views on dementia and their role in its
detection and management in Hungary. In the survey, several significant topics were
investigated, including GPs’ routines and perspectives regarding dementia screening and
detection, which topic is covered by the present study. Further items of the questionnaire
targeted GPs' factual knowledge of dementia (see: Imre et al., 2019) as well as their
attitudes regarding dementia patients and their management (see: Heim, 2022; Heim et al.,
2019). The development and validation of the questionnaire was a multi-stage process,
taking up to one year (Figure 1). The questions analyzed in the present paper were fixed-

response (single or multiple choice) and Likert-type questions; open-ended questions were

not applied.
reviewing the scientific literature revising the initial confirming face agreeing on the
L identifying goals M version ofthe | and content M final form of the .
. L . . questionnaire validity questionnaire
drafting the initial questionnaire
Involving: Imvolving: Imvolving: Involving all
1 neurologist 3 practicing GPs 2 GPs confributing
1 psychiatrist researching experts
1 psychologist family medicine
T ' T
9 months 3 months

Figure 1. The multi-stage process of the questionnaire development.

1.2. Participants
In Hungary, all GPs are obligated to participate in a continuous postgraduate education
program, which means attending one professional training course every 5 years. Since the
aim was to reach as many GPs as possible from every region of the country, the
questionnaires were distributed at six major mandatory training courses and at three
national conferences (ensuring that GPs from all 19 counties of Hungary could be

represented among the attendees). The events were held within a 10-month time frame,
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between February and November 2014. To avoid the courses’ influence on the results of
the study, we selected events that did not provide any specific education about dementia
during our recruitment period. The questionnaires were distributed along with a written
informative. Participation was entirely voluntary and anonymous. Ethical approval was
obtained from the Regional and Institutional Research Ethics Committee of the University

of Pécs (reference number: 5244).

1.3. Data analysis
Data were analyzed using the SPSS v.24 statistical analysis software package (IBM SPSS
Statistics for Windows, 2016). Descriptive statistics (mean, percentage, standard deviation)
were applied for all items on the questionnaire. Comparative analysis was executed for one
question, using the Wilcoxon signed ranks test. The significance level was set at 0.05.

2. Study 2

2.1. Participants

Participants (patients and their relatives, scheduled for consultations) were recruited at the
Memory Clinic of the Department of Psychiatry, University of Szeged. Data collection was
carried out between February 2018 and March 2020. Participation in the study was
voluntary. All participants were informed about the aims of the study and gave their written
consent. The experiment was conducted according to the ethical principles of the
Declaration of Helsinki, and it was approved by the Regional Human Biomedical Research
Ethics Committee of the University of Szeged (Reference No. 231/2017-SZTE).

The required sample size for the study was assessed a priori using G * Power
v.3.2.9.7. (Faul et al., 2007) with the settings of effect size d = 0.8, alpha error probability:
0.05, power (1-beta error probability): 0.8. Based on this, the optimal sample size was
calculated as 52, which later (due to COVID-19 regulations halting data collection in
clinical research) was limited to 50. Initially, a total of 79 individuals were recruited to take
part in the study.

Inclusion criteria were listed as follows: at least 50 years of age, a minimum of 8
years of formal education, and Hungarian as the native language. The two main exclusion
criteria were the presence of dementia or major cognitive deficits and depression. To rule
out possible cases of dementia, the MMSE (Folstein et al., 1975) was applied as a screening
tool: participants with a score of 24 or below were excluded from the study. The possibility

of depression was assessed using the 15-item version of the Geriatric Depression Scale
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(GDS-15) (Yesavage & Sheikh, 1986): participants scoring 7 or above on the test were
excluded. In addition, individuals were excluded from the study if they had any past or
present neuropsychological, psychotic, or affective disorders, head injuries, stroke,
substance abuse disorders, major (uncorrected) hearing loss, or language problems (e.g.,
stutter), based on patient history and medical records. Participants with MRI or CT records
showing evidence of micro- or macrohemorrhages, lacunar or other infarctions, cerebral
contusion, encephalomalacia, aneurysm, vascular malformation, or space-occupying
lesions were also excluded. After reviewing and evaluating the criteria, 50 subjects were

considered eligible for inclusion in the study (Figure 2).

native language
other than
Hungarian
n=1

stroke/head injury GDS-15 score > 6

Recruited

patients
n=79

n=17

/ n==0

alcohol abuse
n=1

\ MMSE score < 24

n=3

Enrolled

» patients

n=>50

affective disorder
n=1

Figure 2. Flowchart of the participant exclusion process.
GDS-15: 15-item Geriatric Depression Scale; MMSE: Mini-Mental State Examination;
HC: healthy control; MCI: mild cognitive impairment

2.2. Study protocol
Each participant performed a series of neuropsychological tests: six fluency tasks, the Digit
Span Test — Forward and Backward (Wechsler, 1981), the Non-Word Repetition Test
(Gathercole et al., 1994), the Listening Span Test (Daneman & Carpenter, 1980), the CDT
(Shulman et al., 1986), and the ADAS-Cog (Rosen et al., 1984). The fluency tasks were
implemented in a fixed order, separated by the five shorter cognitive tests, while ADAS-
Cog was administered at the very end of the study protocol to prevent fatigue. We also
ensured that tasks assessing the same cognitive domain did not follow each other directly.
In the three PVF tasks, the participants were asked to list as many words as they can,

starting with the letters ‘k’, ‘t’, and ‘a’, while avoiding proper nouns. The starting letters in
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this study were chosen based on previous studies conducted with Hungarian-speaking
population (e.g., Mészaros et al., 2011; Tanczos et al., 2014).

For the SVF tasks, participants had to produce as many items belonging to the
category of animals, food items, and verbs (i.e., actions — “things that people do”) as they
could. In the current study, for the sake of simplicity, action fluency will be regarded as a
SVF task, because both semantic fluencies and action fluency are content-oriented speech
tasks. Regarding the SVF tasks, the participants were instructed to avoid saying variations
of the same word stem (e.g., horse, horses; go, goes). For all six verbal fluency tasks,
participants had one minute to perform the task. The one minute-interval began with the
investigator saying: ‘Start.” Every verbal fluency task was recorded using an Olympus
Digital Voice Recorder (16 kHz sampling rate, 16-bit resolution). The recordings were also
transcribed manually for the calculation of the traditional scores.

2.2.1. Analysis based on temporal parameters

Voice recordings of all fluency tasks were manually transcribed in Praat, a free language
software enabling speech analysis (Boersma & Weenink, 2020). The transcription process
was supervised by a linguist specialized in language pathologies, while quality control was
ensured by an expert in the field of computational speech processing. Due to the quality of
their recordings, an HC participant’s animal category fluency task and an MCI participant’s
‘k’ letter fluency task were unsuitable for transcription; therefore, these recordings were
not considered in the analysis of temporal parameters, but they were included in the
traditional analysis.

The transcriptions of the fluency recordings contain not only the task-relevant
answers of the participants (the recalled words — including correct, incorrect, and repeated
words), but also silent pauses, and paralinguistic phenomena: hesitation sounds (filled
pauses, like “hmm and “er”), and irrelevant utterances, such as comments or loud thinking
said by the subjects. False starts (“te- ... tiger”), as well as laughing and coughing sounds
were also annotated. The laughter, coughs, and false starts were considered unintentional,
and, as the number of their occurrences was negligible, were discarded from further
analysis.

For each recording, task-relevant words, silent segments, hesitation sounds, and
irrelevant utterances were annotated based on their boundaries (i.e., their exact start and
end times), providing their duration measures. Based on this, the total number, the average

length, and the total length of silent pauses, the total number, the average length, and the

23



total length of hesitations, and the total number, the average length, and the total length of
irrelevant utterances were calculated. Besides these parameters, the mean time between
two consecutive task-relevant words (average word transition time) was also calculated
based on the transcript. Not only correct words, but also the errors and repetitions, were
considered as task-relevant words. The average word transition time (irrelevant of its
content, such as silent pause, hesitation, or irrelevant utterance) provided information about
the average time the participant needed to produce a new task-relevant word. The
parameters used in the study are listed and defined in Table 1; two waveform extracts from

a fluency task performed by an HC and an MCI subject are shown in Figure 3.

Temporal fluency parameters Description

Silent pause parameters

Total number of silent pauses (count) Number of silent segments
Average length of silent pauses (s) Average length of silent segments
Total length of silent pauses (s) Total length of silent segments

Hesitation parameters

Total number of hesitations (count) Total number of filled pauses (e.g., ‘hmm’, ‘umm’)
Average length of hesitations (s) Average length of filled pauses (e.g., ‘hmm’, ‘umm’)
Total length of hesitations (s) Total length of filled pauses (e.g., ‘hmm’, ‘umm’)

Irrelevant utterances parameters

Total number of irrelevant utterances (count) ~ Total number of filler words and comment blocks (including articles and conjunctions)

Average length of irrelevant utterances (s) Average length of filler words and comment blocks (including articles and conjunctions)
Total length of irrelevant utterances (s) Total length of filler words and comment blocks (including articles and conjunctions)
Average word transition time (s) Mean period of time between two consecutive ‘task-oriented’ words

Table 1. List and definitions of the temporal parameters.

2.2.2. Traditional fluency analysis based on word count

In the traditional scoring method (Lezak, 2012), we calculated the number of correct words,
the number of errors, and the number of repetitions or perseverations; the last two were
considered as one variable. In the case of animal fluency, when a participant recalled
synonymous words (e.g., cat and Kitten), variations in gender (e.g., hen and rooster), or an
animal and its offspring (e.g., horse and foal), words were only scored as one. The
participants did not receive points for naming a subcategory if they also gave specific
examples of it (e.g., in the case of food items: fruit (O points), apple (1 point), pear (1
point)).
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Figure 3. Waveforms extracted from the food item fluency recordings of two
participants.
Extracted from Praat; HC: healthy control; MCI: mild cognitive impairment

2.3. Data analysis

Descriptive statistical analysis was used to examine the demographic features, the
neuropsychological test scores, and the fluency measures of the participants. The
assumption of normality was not met according to the results of the Shapiro-Wilk test in
more than two-thirds of the cases, therefore, to obtain comparable statistical measures,
comparisons between the HC and the MCI groups were executed using the Mann-Whitney
U test. Categorical variables were compared using the Chi-square test. Effect sizes were
calculated using the Pearson correlation coefficient (Rosenthal, 1991). Receiver operating
characteristic (ROC) analysis was applied to assess the classification abilities of the
temporal parameters and the traditional scores. Sensitivity and specificity were calculated
using threshold values that yielded the highest possible sensitivity (while keeping
specificity at a minimum of 50%). For the comparison of classification abilities, the
differences between the area under the curve variables (AUCs) were compared based on
the method of DelLong, DelLong, and Clarke-Pearson (1998). For all statistical
comparisons, the level of significance was set at 0.05. All analyses were performed using
SPSS v.24 (IBM SPSS Statistics for Windows, 2016), except for the comparison of AUCs,
for which the MedCalc Statistical Software v.19.6. (MedCalc Software, 2020) was utilized.
For the a priori assessment of the required sample size, G * Power v.3.2.9.7. was used (Faul
etal., 2007).
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VI. RESULTS
1. Studyl

1.1. Demographics and practice characteristics
Altogether 402 GPs handed back their completed questionnaire, which is more than 8% of
all 4,850 GPs practicing in Hungary in 2014 (Hungarian Central Statistical Office, n.d.).
The completion rate varied for each question, therefore, in the Results section, the numbers
of responses are indicated in brackets for each question. Demographic information and

characteristics of practices are presented in Table 2.

Estimated number Estimated number
Gender Age ] ] ]
of patients/day of dementia patients
(n=387) % (n=393) % (n=393) % (n=383) %
male 46.3 25-35 5.9 0-30 2.0 0-50 49.9
female 53.7 36-45 12.5 31-40 16.9 51-100 38.1
46-55 24.9 41-50 27.9 101-150 8.4
56-65 40.2 51-60 25.1 151-200 2.6
65+ 16.5 60+ 25.9 200+ 1.0

Table 2. GPs’ demographics and practice characteristics.

1.2. Ways of dementia evaluation and views on cognitive tests

The vast majority of GPs reported that they ask the patient general questions (91%; n = 355)
or they gather information from relatives (64%; n = 253). Only a quarter of them (24%j;
n = 95) indicated that they utilize cognitive tests for this purpose and some did not perform
any examinations at all to test for the possible occurrence of dementia (5%; n = 22).

Two of the most widely used tests for dementia evaluation, the MMSE and the CDT,
are fairly well-known among respondents: most GPs reported that they knew CDT (89%;
n = 307) and slightly fewer people stated familiarity with MMSE (76%; n = 265). One-fifth
(18%; n = 63) of the respondents said that they knew the Early Mental Test (Kalman et al.,
2013), and only a few GPs stated that they were familiar with Mini-Cog (4%; n = 17) or
GPCOG (1%; n = 4). Of them, more than two-thirds indicated that they were completely
or mostly satisfied with the CDT (69%; n = 152) while a slightly lower percentage of them
expressed satisfaction with the MMSE (65%; n = 98).
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1.3. Views regarding dementia identification and management
Supporting the importance of dementia recognition in its early stages, the vast majority
(90%; n = 352) believed that early therapy could slow down symptom progression. GPs
also held the view (97%; n = 374) that early detection enhanced both the patients’ and their
relatives’ well-being.

Regarding their views on dementia testing and management, participants were
required to mark their answers on a 5-point Likert-scale (strongly agree/mostly agree and
strongly disagree/mostly disagree responses are presented together). Three-fourths (75%;
n = 290) of the GPs believed that managing dementia patients and their caregivers took
more time than they could afford in their practice. Provided that conditions were suitable,
the majority (79%; n = 298) would implement standardized cognitive tests for early
detection; however, half of the respondents (56%; n = 210) felt that currently available anti-

dementia therapies were ineffective (Table 3).

Level of agreement

Strongly Mostly Cannot Mostly Strongly

Statement agree agree decide  disagree disagree » D)
o) () (%) (%) (% (50

If conditions were suitable, I
would implement screening 211
tests for early detection of 25.7 53.3 6.4 13.0 1.6 377 (0.987)
dementia.
Managing dementia patients and
their caregivers takes more ti.me 31.9 434 59 15.6 39 385 2. 156
than I can afford at my practice. (1.150)
Currently available anti- - - 3.57
dementia therapies are effective. L9 14.8 26.7 372 19.4 37 (1.022

Table 3. GPs’ views of the detection and management of dementia.
Points of the Likert-scale: 1: Strongly agree; 2: Mostly agree; 3: Can not decide; 4: Mostly
disagree; 5: Strongly disagree. M: mean, SD: standard deviation

1.4. Suggestions for the improvement of dementia detection
From a list of five contributing factors to a more effective dementia examination routine,
GPs marked the items as necessary with the following percentages: more time for patients
(81%; n = 311), up-to-date tests (with a maximum of 5 minutes needed for administration
and evaluation) (77%; n = 297), help from assistants (50%; n = 192), more staff (44%;

n =170), and, lastly, more examination rooms (26%; n = 103).
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Regarding an optimal, up-to-date instrument, GPs preferred a pen-and-paper test
that could be administered by an assistant or the patients themselves and would include

information from the patients’ caregivers (Table 4).

Aspects Options n %
Test administrator (n = 230) assistant 87 37.8
patient 86 374
GP 54 235

caregiver 3 1.3
Caregiver information (n= 317) should contain 278 87.7
should not contain 39 12.3
Test format (n=321) pen-and-paper test 265 82.6
computer-based test program 48 15.0

online test 8 2.5
Administration time (= 330) up to 5 minutes 189 57.3
up to 10 minutes 110 333

up to 15 minutes 31 9.4

Table 4. GPs’ ideas about an optimal cognitive screening tool.

1.5. Estimated recognition of dementia

GPs were asked to estimate the recognition rate of dementia in Hungarian primary care and
in their practice. Regarding primary care, almost two-thirds of them (62%; n = 226) thought
that case recognition is under 30% and only very few (7%; n = 27) estimated that dementia
is recognized in more than 60% of the cases. However, when asked about their recognition
rate, half of them (49%; n = 180) said that they recognize a maximum of 30%, meanwhile,
one-sixth (16%; n = 61) reported that they detect more than 60%. Wilcoxon signed ranks
test was performed and results suggested that GPs’ estimation of dementia recognition rate
in their practice was significantly higher than their estimations of recognition rate in
primary care (Z = -7.806; p < 0.001).
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2. Study 2

2.1. Demographics and neuropsychological test scores

Participants were split into two groups based on their MMSE scores. MMSE cut-off scores
were determined based on the results of previous research conducted by our research group:
in these studies, the mean scores of MMSE emerged as 29.17 = 0.71 and 29.24 + 0.523 for
the HC group and 26.97 + 0.96 and 27.16 + 0.898 for the MCI group (Gosztolya et al.,
2019; Toth et al., 2018). Hence, in the present study, participants achieving a score of 29
to 30 points were considered healthy control (HC) subjects, while participants achieving a
score of 25 to 28 points formed the MCI group. The subtypes of MCI were not considered.

The two participant groups showed no significant difference in gender and years of
education. However, the mean age of participants was significantly higher in the MCI group
in comparison with those in the HC group. Regarding the GDS-15 score, no significant

difference was found between the two groups (Table 5).

HC (n = 25) MCI (n = 25)
M (SD) Comparative test statistics p
Demographics
Gender (male/female) 8/17 7/18 72(1) =0.095 0.758
Age (years) 67.32 (8.300) 71.72 (5.435) U = 187.000; Z = -2.440 0.015
Education (years) 13.48 (2.632) 12.36 (2.827) U = 255.500; Z = -1.136 0.256
Neuropsychological test
scores
MMSE 29.44 (0.507) 26.96 (1.060) U =0.000; Z = -6.202 <0.001
GDS-15 1.84 (1.724) 2.40 (1.225) U =232.500; Z = -1.587 0.112

Table 5. Descriptive and comparative statistics for the demographic characteristics and
neuropsychological test scores of the study participants.

Significant p-values (p < 0.05) are in bold; HC: healthy control; MCI: mild cognitive
impairment; MMSE: Mini-Mental State Examination; GDS-15: 15-item Geriatric
Depression Scale

2.2. Temporal parameters of verbal fluency performance
Considering the PVF tasks, in the ‘a’ fluency, the average length and the total length of
irrelevant utterances were significantly higher in the MCI group, while none of the temporal
parameters differed between the two groups in the case of the ‘k’ and ‘t” PVF (Table 6).
Regarding the three SVFs, the total number of silent pauses was significantly higher

in the HC group in the animal and action fluency tasks, whereas the average length of silent
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pauses and the average word transition time were significantly higher in the MCI group
throughout all the three tasks (Table 7).

Phonemic fluency tasks HC MCI
Temporal parameters M (SD) Mann-Whitey U Test Effect size"
Letter ’k’ n=25 n=24" U V/ P r
Total number of silent pauses (count) 19.040 (4.485) 17.291 (4.591) 230.500 -1.394 0.163 0.19
Average length of silent pauses (s) 2.438 (0.941) 2.767 (1.031) 244.000 -1.120 0.263 0.16
Total length of silent pauses (s) 42.569 (6.571) 43.532 (5.688) 278.000  -0.440 0.660 0.06
Total number of hesitations (count) 2.000 (2.645) 1.708 (2.095) 281.500 -0.382 0.702 0.05
Average length of hesitations (s) 0.482 (0.448) 0.398 (0.382) 279.500 -0.421 0.674 0.06
Total length of hesitations (s) 1.350 (1.737) 1.137 (1.334) 283.000 -0.349 0.727 0.05
Total number of irrelevant utterances (count)  3.280 (4.559) 4.333 (3.818) 225.000 -1.517 0.129 0.22
Average length of irrelevant utterances (s) 1.021 (0.666) 1.242 (0.851) 274.000 -0.520 0.603 0.07
Total length of irrelevant utterances (s) 4.283 (7.149) 4.889 (3.609) 213.000 -1.742 0.082 0.25
Average word transition time (s) 4.505 (2.687)  5.159 (3.979) 230.000  -1.400 0.162 0.20
Letter ’t’ n=25 n=25
Total number of silent pauses (count) 18.320 (4.269) 16.920 (5.259) 257.000  -1.081 0.280 0.15
Average length of silent pauses (s) 2.521 (0.879) 2.993 (1.542) 261.000 -0.999 0.318 0.14
Total length of silent pauses (s) 42.847 (5.770) 43.834 (5.666) 278.000  -0.669 0.503 0.07
Total number of hesitations (count) 1.480(2.023)  1.720(2.051) 290.000  -0.455 0.649 0.06
Average length of hesitations (s) 0.520 (0.509) 0.443 (0.348) 293.500  -0.375 0.708 0.05
Total length of hesitations (s) 1.128 (1.504) 1.069 (1.326) 312.500 0.000 1.000 0.00
Total number of irrelevant utterances (count)  3.240 (3.562) 3.720 (2.806) 256.500  -1.097 0.273 0.16
Average length of irrelevant utterances (s) 0.967 (0.580) 1.228 (0.616) 231.500 -1.573 0.116 0.21
Total length of irrelevant utterances (s) 4.154 (5.656) 4.825 (3.379) 234.500 -1.515 0.130 0.21
Average word transition time (s) 3.816 (1.739) 4.944 (3.045) 250.000  -1.213 0.225 0.17
Letter ’a’ n=25 n=25

Total number of silent pauses (count) 13.920 (3.639) 14.120 (4.876) 298.000  -0.283 0.778 0.04
Average length of silent pauses (s) 3.636 (1.446)  3.853(2.834) 268.000  -0.863 0.388 0.12
Total length of silent pauses (s) 45.881 (5.219) 43.042 (7.551) 235.00 -1.504 0.133 0.01
Total number of hesitations (count) 1.040 (1.059) 1.200 (1.354) 311.000  -0.031 0.976 0.00
Average length of hesitations (s) 0.640 (0.565) 0.462 (0.485) 263.500 -0.974 0.330 0.14
Total length of hesitations (s) 0.973 (1.316)  0.985 (1.254) 301.500  -0.219 0.827 0.03
Total number of irrelevant utterances (count)  3.480 (4.154) 4.560 (3.292) 214.500 -1.918 0.055 0.27
Average length of irrelevant utterances (s) 1.065 (0.701) 1.630 (0.725) 180.000  -2.572 0.010 0.36
Total length of irrelevant utterances (s) 4.637 (5.286) 7.160 (5.322) 204.000 -2.106 0.035 0.30
Average word transition time (s) 5.115 (2.651) 5.224 (2.839) 286.000 -0.514 0.607 0.07

Table 6. Descriptive measures and statistical comparison of the temporal parameters in
the phonemic fluency tasks.

Significant p-values (p < 0.05) are in bold. *: one fluency voice recording was unsuitable
for transcription. ': effect size is calculated as Pearson’s r, expressed in absolute value.
Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen,
1988). M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive
impairment, s: second

30



Semantic fluency tasks HC MCI
Temporal parameters M (SD) Mann-Whitney U Test Effect size"
Animals n=24" =25 U Z P r
Total number of silent pauses (count) 25.666 (4.603)  21.760 (4.968) 156.000 -2.890 0.004 0.41
Average length of silent pauses (s) 1.437 (0.445) 1.883 (0.718) 179.000 -2.420 0.016 0.34
Total length of silent pauses (s) 35.489 (6.485)  37.982(8.193) 229.000 -1.420 0.156 0.20
Total number of hesitations (count) 3.166 (2.371) 3.240 (3.620) 271.000  -0.586 0.558 0.08
Average length of hesitations (s) 0.564 (0.290) 0.460 (0.358) 237.500 -1.255 0.209 0.18
Total length of hesitations (s) 2.195 (1.982) 2.139(2.820) 264.500 -0.713 0.476 0.10
e 3333(3.595)  5.120(4850) 231500 -1380 0167 020
Average length of irrelevant utterances (s) 1.019 (0.641) 1.146 (0.727)  277.000 -0.461 0.645 0.07
Total length of irrelevant utterances (s) 4.379 (6.116) 6.562 (5.647) 220.000 -1.603 0.109 0.23
Average word transition time (s) 2.021 (0.756) 2.852 (0.841) 128.000 -3.440 0.001 0.49
Food items n=25 n=25
Total number of silent pauses (count) 25.400 (6.062) 21.720(5.926) 216.000  -1.877 0.061 0.26
Average length of silent pauses (s) 1.395 (0.504) 1.888 (0.937) 201.000 -2.163 0.031 0.30
Total length of silent pauses (s) 33.192 (6.464) 36.368 (7.200)  242.000 -1.368 0.171 0.19
Total number of hesitations (count) 2.600 (2.432) 2.600 (2.661) 307.000 -0.109 0913 0.02
Average length of hesitations (s) 0.444 (0.348) 0.494 (0.435) 306.000  -0.128 0.898 0.02
Total length of hesitations (s) 1.636 (1.544) 1.855 (2.015) 302.000  -0.207 0.836 0.03
Total number of irrelevant utterances (count)  3.600 (3.905) 4.360 (4.733) 294.000 -0.362 0.717 0.05
Average length of irrelevant utterances (s) 0.772 (0.581) 1.051 (1.028) 273.000  -0.770 0.441 0.11
Total length of irrelevant utterances (s) 3.716 (4.898) 5.210 (5.353) 259.000 -1.044 0.297 0.15
Average word transition time (s) 1.755 (0.770) 2.630 (1.356) 171.000 -2.746 0.006 0.40
Actions n=25 n=25
Total number of silent pauses (count) 24.240 (6.332) 19.080 (5.597) 184.000  -2.502 0.012 0.35
Average length of silent pauses (s) 1.600 (0.565) 2.373(1.439) 192.000 -2.338 0.019 0.33
Total length of silent pauses (s) 35.898 (5.605) 38.524 (7.485) 230.000  -1.601 0.109 0.22
Total number of hesitations (count) 2.720(2.282)  2.840(2.511) 309.000  -0.069 0.945 0.01
Average length of hesitations (s) 0.547 (0.362) 0.554 (0.477) 292.000 -0.401 0.689 0.06
Total length of hesitations (s) 1.963 (1.741)  2.096 (2.290) 302.000  -0.205 0.837 0.03
Total number of irrelevant utterances (count)  4.040 (3.920) 4.160 (3.681) 307.500 -0.098 0.922 0.01
Average length of irrelevant utterances (s) 1.069 (0.626) 1.153 (0.760) 290.500 -0.427 0.669 0.06
Total length of irrelevant utterances (s) 4.302 (4.600) 5.188 (4.351) 273.500 -0.757 0.449 0.11
Average word transition time (s) 2.258 (0.996) 2.989 (1.199) 196.000 -2.260 0.024 0.32

Table 7. Descriptive measures and statistical comparison of the temporal parameters in
the semantic fluency tasks.

Significant p-values (p < 0.05) are in bold. *: one fluency voice recording was unsuitable
for transcription. ': effect size is calculated as Pearson’s r, expressed in absolute value.
Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen,
1988). M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive
impairment, s: second

2.3. Traditional word count measures of verbal fluency performance
In the three PVF tasks, no statistically significant difference was found between the groups

regarding the number of correct words and the number of repetitions or perseverations.
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However, in the ‘a’ PVF task, participants from the MCI group produced more errors than

participants from the HC group (Table 8).

HC MCI
Traditional f_Iuency scores of M (SD) Mann-Whitney U Test Effect size"
the phonemic fluency tasks
n=25 n=25 U Y4 p r
Letter °k’
Correct words 13.68 (4.571) 11.52 (4.700) 227.000 -1.667  0.096 0.24
Errors 0.04 (0.200) 0.16 (0.374) 275.000 -1.400 0.162 0.20
Repetitions/perseverations 0.16 (0.374) 0.32 (0.690) 294.000  -0.537 0.591 0.08
Letter °t’
Correct words 12.88 (4.314)  10.76 (4.371) 233.000 -1.547  0.122 0.22
Errors 0.20 (0.408) 0.28 (0.614) 307.500 -0.139  0.889 0.02
Repetitions/perseverations 0.48 (0.653) 0.28 (0.678) 248.500 -1.577  0.115 0.22
Letter ’a’
Correct words 8.68 (3.424) 7.32(3.987) 240.000 -1.416  0.157 0.20
Errors 0.12 (0.332) 0.72 (1.208) 231.500 -2.106  0.035 0.30
Repetitions/perseverations 0.20 (0.577) 0.20 (0.408) 292.500 -0.609  0.542 0.09

Table 8. Descriptive measures and statistical comparison of the traditional fluency scores
in the phonemic fluency tests.

Significant p-values (p < 0.05) are in bold. *: one fluency voice recording was unsuitable
for transcription. ": effect size calculated as Pearson’s r, expressed in absolute value.
Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen,
1988). M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive
impairment

As for the SVF tests, participants from the HC group had a significantly higher
number of correct words in the case of all three (animals, food items, and actions) tasks. In
the number of repetitions or perseverations, there was no statistically significant difference
between the two study groups (Table 9).

32



HC MCI

Traditional fluency scores of

the semantic fluency tasks M (SD) Mann-Whitney U Test Effect size"
n=25 n=25 U VA p r
Animals
Correct words 20.54 (4.412) 14.76 (3.358) 99.000 -4.154 <0.001 0.59
Errors 0.00 (0.000) 0.04 (0.200) 300.000  -1.000 0.317 0.14
Repetitions/perseverations 0.42 (0.584) 0.48 (0.963) 298.000 -0.343 0.731 0.05
Food items
Correct words 22.72 (6.073) 17.16 (5.249) 156.500 -3.034 0.002 0.43
Errors 0.04 (0.200) 0.04 (0.200) 312,500  0.000 1.000 0.00
Repetitions/perseverations 0.28 (0.458) 0.40 (0.764) 311.000 -0.038 0.970 0.01
Actions
Correct words 18.72 (6.175) 14.40 (4.916) 194500 -2.293 0.022 0.32
Errors 0.04 (0.200) 0.04 (0.200) 312,500  0.000 1.000 0.00
Repetitions/perseverations 0.40 (0.764) 0.48 (0.918) 308.500 -0.098 0.922 0.01

Table 9. Descriptive measures and statistical comparison of the traditional fluency scores
in the semantic fluency tests.

Significant p-values (p < 0.05) are in bold. ": effect size calculated as Pearson’s r,
expressed in absolute value. Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium,
0.5 to 1.0: large (Cohen, 1988). M: mean; SD: standard deviation; HC: healthy control;
MCI: mild cognitive impairment

2.4. ROC analysis of the significant temporal parameters
ROC analysis of the temporal parameters was carried out in the case of the five parameters
that showed significant differences between the HC and MCI groups based on the
previously conducted comparative tests (Table 10). For every ROC analysis, sensitivity and
specificity were determined using threshold values optimal for early screening, i.e.,
maximizing the sensitivity, while keeping specificity greater than or equal to 50%.

The analysis revealed that the average length and the total length of irrelevant
utterances had a significant classification ability in the case of the ‘a’ PVF, with the same
sensitivity (80%) and specificity (52%) for both parameters. In the SVF tests, the number
of silent pauses had significant classification ability both in the animal and in the action
fluency tests, while the average length of silent pauses and the average word transition time
were shown to be able to discriminate between the groups in the case of all three SVF tests.
Sensitivity was the highest in the case of the average word transition time in the animal

fluency test (sensitivity: 96.0%; specificity: 62.5%).
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Fluency tasks Temporal parameters Accuracy measures

0 AUC 95% 95% Sensitivity ~ Specificity

CI- Cl+ (%) (%)
Average length of irrelevant utterances (s) 0.010  0.712  0.569 0.855 80.0 52.0
Letter ‘a’
Total length of irrelevant utterances (s) 0.035 0.674 0.523 0.824 80.0 52.0
Total number of silent pauses (count) 0.004 0.740 0.598 0.882 76.0 50.0
Animals Average length of silent pauses (s) 0.016 0.702  0.549 0.855 72.0 50.0
Average word transition time (s) 0.001 0.787 0.651 0.922 96.0 62.5
Average length of silent pauses (s) 0.031 0.678 0.528 0.828 68.0 52.0
Food items
Average word transition time (s) 0.006 0.726  0.587 0.866 76.0 52.0
Total number of silent pauses (count) 0.013 0.706  0.562 0.849 72.0 52.0
Actions Average length of silent pauses (s) 0.019 0.693 0544 0.841 72.0 52.0
Average word transition time (s) 0.024 0.686 0.536 0.837 80.0 52.0

Table 10. Accuracy measures of those temporal parameters that significantly differed
between the two groups based on the previous comparative statistic tests.

Significant p-values (p < 0.05) indicate that the measure is significantly better than chance
at discriminating between individuals of the two groups. AUC: area under the curve; CI:
confidence interval

2.5. ROC analysis of the significant traditional measures
ROC analysis was also executed on the traditional measures that showed significant
differences between the HC and MCI groups, to determine the classification ability of these
measures. The analysis revealed that the number of errors in the ‘a’ PVF test had no
significant classification ability. Concerning the SVF tests, the number of correct words
showed significant classification abilities in the case of the animal, the food item, and the
action fluencies. The animal naming fluency showed the highest sensitivity of 100%
(specificity: 56%). Accuracy measures of the traditional fluency scores that showed

significant differences between the groups are given in Table 11.
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Accuracy measures

o o s A
Fluency tasks Traditional measures p AUC 95% 95% Sensitivity Specificity

Cl- Cl+ (%) (%)
Letter ‘a’ Number of errors 0.116 0.630 0.474 0.785 36.0 88.0
Animals Number of correct words < 0.001 0.842 0.734 0.949 100.0 56.0
Food items Number of correct words 0.002 0.750 0.616 0.884 76.0 64.0
Actions Number of correct words 0.022 0.689 0.543 0.834 68.0 52.0

Table 11. Accuracy measures of those traditional fluency measures that significantly
differed between the two groups based on the previous comparative statistic tests.
Significant p-values (p < 0.05) indicate that the measure is significantly better than chance
at discriminating between individuals of the two groups. AUC: area under the curve; CI:
confidence interval

2.6. Comparison classification abilities

Pairwise comparisons of AUCs were executed to compare the classification ability of the
three significant temporal parameters (total number of silent pauses, average length of silent
pauses, average word transition time) and the significant traditional measure (number of
correct words) regarding the SVF tasks. In the animal category fluency, the results indicated
no significant differences regarding AUCs between the number of correct words and the
total number of silent pauses (z = 1.433, p = 0.151) or the average word transition time
(z=1.579, p = 0.114), however, the classification ability of the average length of silent
pauses was smaller (z = 2.043, p = 0.041) compared to the correct word count. In the case
of the food item fluency, no difference was found between the AUCs of the number of
correct words and the average length of silent pauses (z =0.978, p = 0.328), and the average
word transition time (z = 0.662, p = 0.508). Furthermore, in action fluency, the
classification ability of correct word-count did not differ from either the total number of
silent pauses (z = 0.267, p = 0.789), the average length of silent pauses (z = 0.056,
p = 0.954) or the average word transition time (z = 0.046, p = 0.962).
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VIl. DISCUSSION
1. Study1

1.1. Main findings
Based on the results of the first study in this thesis, Hungarian GPs are aware of the low
dementia recognition rates and they accept the idea of cognitive evaluation for signs of
possible dementia in primary care practices. Furthermore, they know the most commonly
used cognitive screening tests, and more than two-thirds of them are satisfied with them.
However, only a quarter of them use standardized cognitive tests in their practices, while
the vast majority apply general questions to the patient or the informant. What may be
driving only a smaller proportion of them to apply effective dementia testing (i.e.,
standardized testing) is probably their doubts about effective anti-dementia therapies. In
addition to this, the most important barriers to effective dementia case-finding appear to be
insufficient conditions: mainly lack of time and assistance, as well as cost-effective

instruments.

1.2. Interpretation of the results and clinical implications
Our results revealed a discrepancy between GPs’ overall views regarding testing for
dementia versus their actual habits. Even though GPs seem to agree with the benefits of
early recognition and know the available cognitive tools, only a quarter of them apply these
tests for the purpose of dementia detection, while a few do not perform any examinations
at all. A similar conflict was found regarding Dutch GPs’ views and habits, who reported
taking action at a more progressed stage of dementia, despite knowing the importance of
early intervention (van Hout et al., 2000). The rare application of formal tests has been also
observed in other European countries: many GPs (85% of French, 79% of Swiss, 53% of
Italian, and 33% of Scottish) reported that they did not regularly perform standard
procedures in their diagnostic evaluation (Giezendanner et al., 2019; Mclintosh et al., 1999;
Somme et al., 2013; Veneziani et al., 2016), with some preferring the use of non-
standardized, general questions (Somme et al., 2013). Even when cognitive concerns are
present, only 50% of American GPs (or their staff) administer cognitive screening
(Bernstein et al., 2019). There are, however, some exceptions: 92% of Irish GPs self-
reported in a survey that they used an appropriate tool to evaluate their patients’ cognition
(Dyer et al., 2017) and only 10% of German GPs did not use any screening instrument

(Thyrian & Hoffmann, 2012). It is important to note, nevertheless, that not only the
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willingness to test and the utilization of standardized cognitive tools but also the chosen
tool can have a major impact on successful case-finding. Presuming that we disregard the
low rates of test usage, part of the reason for the under-diagnosis of dementia may be the
widespread use of tests that are not sensitive enough to detect the early stages of the
condition (Breton et al., 2019).

As only a fraction of Hungarian GPs seem to trust the effectiveness of the anti-
dementia medication, the often insufficient habits regarding cognitive screening may
reflect their therapeutic nihilism. This supposition is supported by previous studies: for
example, in a research conducted in France, around 50% of the participating GPs felt that
it was not worth making a dementia diagnosis because of the ineffective pharmacological
treatment (Harmand et al., 2018). In another study, 33% of the surveyed Swiss GPs
believed that a dementia diagnosis is not “clinically actionable”, as only 20% of them had
the opinion that anti-dementia drugs positively influence the course of the disease
(Giezendanner et al., 2019). Probably related to this, helplessness is a common feeling GPs
experience when working with dementia patients (Heim et al., 2019).

The findings of our study indicated that the main obstacle to testing for dementia
might be short consultation time with patients (which is on average 6 minutes in Hungary)
(Irving et al., 2017). Besides the shortage of time, GPs mentioned the need for quickly
administrable cognitive tools and more help from healthcare staff. These concerns are
reflected by previous studies from several different countries as well, such as Germany, the
Netherlands, Spain, Sweden, Slovenia, and the UK (Chithiramohan et al., 2019; Koch &
Iliffe, 2010; Prins et al., 2016; Sannemann et al., 2021). Despite the time restrictions,
current views of scientific literature advocate for the integration of a targeted case-finding
approach into primary care, prompting early dementia identification (Ranson et al., 2018).

In addition to the circumstances described above, GPs' knowledge and awareness
of dementia and MCI also have a significant impact on their willingness to conduct
cognitive testing, as well as to comply with practical guidelines (de Levante Raphael, 2022;
Lu et al., 2022).

The underutilization of validated cognitive tests might be partly due to the lack of
agreements on the most effective ways of dementia recognition, leaving the GPs without
an unambiguous source of reference. A crucial way to improve recognition rates would be
the regular update of international and national dementia guidelines (e.g., the latest
Hungarian version was released in June 2022, and will be in effect until May 2025), which

usually give suggestions on the most adequate testing methods for dementia recognition.
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The underuse of standardized instruments and the underdiagnosis of dementia in
primary care may also be attributed to the prioritization of somatic diseases over cognitive
problems among the elderly. Since more than 65% of people over the age of 65 have
multiple chronic conditions (Lehnert et al., 2011), the examination of memory functions
might end up at the bottom of the priority list (Boise et al., 1999). Furthermore, the
progression of dementia is a slow process and thus is less obvious than the sudden onset of
a somatic, sometimes painful symptom requiring urgent examination. In relation to this, a
substantial part of GPs may even not consider MCI as a disease (Lu et al., 2022). Healthcare
providers might also be reluctant to screen for dementia because they feel that a person
with such a diagnosis will place an additional burden on an already overburdened health
system (de Levante Raphael, 2022).

Cultural differences in attitudes towards age-related memory problems may also
affect the success of dementia detection. In Hungary, dementia symptoms (especially in the
earlier stages) are often overlooked and thus do not prompt taking steps toward recognition.
The tolerance for cognitive decline associated with older age may be higher in Hungary
compared to other countries, where elderly people live far from their families and lead a
more independent life (e.g., the USA) which would be greatly endangered by a mental
illness.

Although the present research explored the issue from the GPs' perspective, it is
important to note that the attitudes of the patient and the family can also influence by
hindering or delaying the diagnostic process. Many of those influential factors are similar
to those found in the case of GPs, such as skepticism about the effectiveness of the therapy,
or the belief that cognitive decline is a natural part of aging. From the patients’ standpoint,
fear of the dementia diagnosis or lack of communication (for example, not mentioning their
cognitive complaints during an examination) is also a significant factor. For caregivers and
family, factors also include the fear of stigmatization or concerns about the diagnosis’

impact on the patient’s autonomy (Bradford et al., 2009).

1.3. Strengths and limitations
Apart from an international study with limited sample sizes (Petrazzuoli et al., 2017), no
extensive research has been conducted on GPs’ routines and views regarding dementia,
neither in Hungary nor in most Central and Eastern European countries. As part of a
national research project, this study sheds light on the dementia screening practices of

Hungarian GPs. The results provide a valuable benchmark for future dementia-related
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research conducted in Hungary: in particular, they can be used as a basis for comparison in
studies measuring the impact of the recently published dementia guidelines. The findings
may also facilitate the undertaking of comparative studies among different countries,
supporting the development of effective national dementia strategies. An additional value
of the study is its sample since it describes results drawn from a relatively large proportion
of the population of interest (8% of all practicing GPs in Hungary in 2014), with
participants from all regions of the country.

However, when interpreting the results, some limitations should be considered.
Firstly, as our findings were based on the answers of self-recruited, voluntary participants,
the results might represent the views and routines of a more motivated and competent
sample of Hungarian GPs. Secondly, given the somewhat sensitive topic of dementia
detection practices, the probable effect of social desirability bias should also be taken into
account. Thirdly, since a pen-and-paper questionnaire was applied, it could not be ensured
that each question was answered. It resulted in different numbers of missing responses
throughout the survey, which consequently limited the validity of questions with fewer
responses. Regarding future works, it would be useful to recruit a representative sample of
Hungarian GPs and to apply qualitative methods to further deepen our understanding of the

topic.

2. Study 2

2.1. Main findings

The second study of this thesis presented a new practical framework for verbal fluency
analysis. To the best of our knowledge, we were the first to report on verbal fluency
performance beyond the recalled words, focusing on the pauses and task-irrelevant content
of speech in the fluency recordings. In the study, we quantitatively analyzed several
temporal parameters that were calculated based on silent pauses, hesitations, and irrelevant
speech segments annotated in the recordings. The main finding was that in the case of the
three SVF tests, some of the temporal parameters (total number of silent pauses, average
length of silent pauses, and average word transition time) could discriminate between
individuals with cognitive impairment and individuals with healthy cognition. However,
no other temporal measure differed systematically between the two groups.

These results suggest that when examining SVF tests, the analysis of the temporal

parameters based on silent pauses may complement or even substitute the widely applied,
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but more time-consuming and labor-intensive traditional word-scoring method, while still

providing comparable classification ability.

2.2. Interpretation of the results

2.2.1. Diagnostic value of the temporal parameters
The inconsistency in the direction of differences regarding the silence-based parameters
between the two groups is worth highlighting: the average lengths of the silent pauses and
the average word transition times were longer in the MCI group, whereas HC participants
had a higher number of silent pauses in the case of the SVF tasks. Since silent pauses were
defined as the absence of speech/sound regardless of length, every detectable silent segment
found in the recordings was annotated as a silent pause, including even the brief transitions
between words. Therefore, the number of silent pauses was increased by the number of
words uttered by the participant. Since the HC group produced significantly more correct
words in the SVF tasks, the number of silent pauses was also significantly increased in this
group. The average word transition time parameter also had a direct link with the number
of correct words. Since this parameter contains every speech segment except task-relevant
words, the increase in the average word transition time led, by definition, to a decrease in
the number of recalled words. Therefore, it could be considered that these two parameters
were somewhat inversely proportional.

In their study, applying automated analysis of PVF tests, Cho and colleagues
measured inter-word response time, which is a similar concept to our average word
transition time variable; however, besides partial words and non-verbal vocalizations they
also included the filled pauses in this measure. Similar to our outcomes, their results
showed that there was a strong negative correlation between mean inter-word response time
and the number of correct words recalled by the participants, indicating that better-
performing subjects were able to retrieve words more quickly from their mental lexicon
(Cho et al., 2021).

The importance of silent pauses has also been highlighted in the area of connected
(spontaneous) speech analysis: studies have shown that compared to HC subjects,
participants with MCI produce more and longer silent pauses in their speech (Sluis et al.,
2020; Toth et al., 2018). Even though spontaneous speech samples provide ecologically
valid data, utilizing verbal fluency tests may be even more advantageous, as they can be
combined with already standardized qualitative and quantitative approaches. The regulated

verbal fluency tasks also have the benefit of shorter administration time compared to
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spontaneous speech tasks, as in the latter the task duration time can greatly vary (e.g., Imre
et al., 2022). To be able to compare the results of the two, it is important to note the
difference between spontaneous speech and verbal fluency performances. Compared to the
connected speech samples where pauses appear more unevenly and randomly, silent pauses
(with varying lengths) appear between every word in the verbal fluency recordings,
therefore producing a “word-pause-word-pause”-like sequence. Because of these distinct
characteristics, the number of silent pauses needs to be interpreted based on the
methodology of the specific study.

Most of the recent approaches to verbal fluency analysis focus on the semantic
content when evaluating fluency performance (Troger et al., 2019; Woods et al., 2016). In
contrast, our work focused on the examination of more easily quantifiable, objective
variables. Nevertheless, we were able to achieve classification abilities comparable to those
reported in previous studies (e.g., AUC: 0.758 (Konig et al., 2018), AUC: 0.77 (L. Chen et
al., 2020)). The significant classification ability of the silent pause parameters in our study
suggests that differentiation between HC and MCI patients’ SVF performance may be
possible by examining only the silent pauses in their speech. This can be achieved simply
by dividing the voice recordings into voiced and unvoiced segments (Lopez-de-Ipina et al.,
2015). This method would not require additional time-consuming steps, such as the manual
transcription and preparation of the answers, nor their identification as correct words,
errors, or repetitions, as opposed to the majority of fluency analysis techniques. This could
make the analysis procedure considerably faster and easier. However, since this does not
provide any semantic information, it can be viewed for instance as an alternative, inverse
approach to the traditional analyses based on word count: instead of considering the number
of recalled correct words, it focuses on the silent pauses between the words. Focusing on
silent segments and paralinguistic phenomena has the advantage of making the processing
of verbal fluency tasks swifter and more undemanding, as variables based on them do not

need to be adapted to different languages and cultures.

2.2.2. The role of semantic networks in the detection of MCI
Our results confirmed the advantage of SVF over PVF in the detection of minor cognitive
impairment. In all three SVF tests (animal, food item, and action), the same three temporal
parameters (number of silent pauses, average length of silent pauses, average word
transition time), and one of the traditional measures (correct word count) showed a

difference between the two groups. In contrast, regarding the PVF tests, differences were
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only observed in the case of the ‘a’ PVF, where two temporal parameters (the average and
total length of irrelevant utterances) and one of the traditional measures (incorrect words)
showed significant differences. These results are consistent with those of earlier studies,
confirming that SVF tasks may be more appropriate for detecting the cognitive changes
that occur in MCI (McDonnell et al., 2020; Nikolai et al., 2018). Furthermore, when
compared to other SVF test categories (plants, clothes, vehicles), the animal fluency test
has shown the highest sensitivity (98.8%) in discriminating between HC and MCI
participants (Garcia-Herranz et al., 2020). In agreement with the results of Garcia-Herranz
and colleagues, animal fluency achieved the highest accuracy scores in the present study as
well, not only with the traditional scoring method but also when examining the temporal
parameters.

The difference between the SVF and PVF tasks regarding their sensitivity to the
presence of cognitive decline may be due to the different cognitive demands that the two
task types require. It is known, that PVF tasks are in general more difficult to perform since
besides the more restrictive rules of the tasks, they require the search of lexical
representation. In comparison, the performance of SVF relies to a greater extent on
semantic associations, and since the necessary words are already organized in semantic
clusters, the recalling of items is facilitated (Chasles et al., 2020; Murphy et al., 2006).
According to most psycholinguistic models, human word representations are based on
semantic associations, thus, performing SVF resembles ordinary language use (Luo et al.,
2010). The utility of SVF tasks is therefore further underpinned by numerous studies
concluding that in MCI, the earliest symptoms regarding speech impairment often manifest
in everyday language use (Mueller et al., 2018).

The fact that MCI participants were not able to perform at the level of HC
participants (as measured by the number of correct words) in either of the semantic fluency
tasks probably reflects the semantic deficits that have been observed in MCI patients
(Chang et al., 2022; Taler et al., 2020), and which is caused by the degradation of semantic
networks. This impairment might indicate that the neuropathology of MCI extends beyond
the hippocampal region affecting the cortical areas related to semantic memory. Based on
this performance pattern, authors of a cross-sectional study concluded that executive
functions may be a key in differentiating MCI patients from cognitively intact individuals
(Pakzad et al., 2018).
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2.3. Implementation for future research

Based on the preliminary outcomes of this novel verbal fluency analysis, further projects
should be focused on the collection of more and higher quality data in order to define
precise reference values for the quantity of silent pauses associated with MCI. In the future,
this could allow for the development of an automated tool for MCI screening, based on the
analysis of temporal speech parameters. In addition, it remains to be determined whether
combining this method of temporal parameter-analysis with automated cluster analysis or
the analysis of acoustic features could provide additional value for classification.

Due to the recent pandemic, the frequent application of telemedicine, including
telepsychiatry, rose sharply. Using remote methods for examination and outpatient care has
become more and more widespread, and even though conflicting results exist regarding the
topic, telemedicine practice generally shows a good acceptance among the patients.
Telemedicine has the advantage of being able to produce diagnostic and treatment results
comparable to face-to-face consultations, which is why it may be worthwhile to further
develop and extend the use of remote application-based, computerized tests (Hubley et al.,
2016; Munro Cullum et al., 2014). A significant advantage of fluency tests in this regard is
that they can be self-administered, and, if the appropriate tools are available, recorded and
evaluated remotely. In a recently published study, Kwon et colleagues (2021) introduced a
smartphone application for a semi-automatic, self-administrated version of the SVF test.
Even though the diagnostic accuracy of the software was lower than the one of MMSE, the
method still delivered acceptable accuracy, sensitivity, and specificity regarding the early
screening of AD (Kwon et al., 2021). Even if not applied remotely, given their short and
easy administration and the quick evaluation time, computerized fluency tests would also

meet the needs expressed by GPs in our study.

2.4. Strengths and limitations
The main strength of this study is that it presents a novel practical framework: to the best
of our knowledge, this is the first research reporting on verbal fluency performance with
the focus on previously unexploited information present in the fluency recordings. The
theoretical and methodological foundation established in this study can provide a strong

basis for future research in this field.
Since a total of six different fluency tasks were used in the study protocol, we were
able to compare not only the semantic and phonemic task types, but also subtypes of these
tasks. Furthermore, the application of ROC-analysis enabled us to directly compare our
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potential diagnostic variables to those of other studies, despite the different methodologies.
The results of this study encourage further investigation on the utilization of different
silence-based parameters in verbal fluency tasks.

Nevertheless, this study has limitations, of which the significant age difference
between the two study groups is the most relevant as it has been shown that age has a
significant influence on verbal fluency abilities (Kempler et al., 1998; Rodriguez-Aranda
& Martinussen, 2006). The results are, however, inconsistent regarding the matter: some
studies conducted among the elderly suggest that the level of education has a greater impact
on their verbal fluency performance (Esteves et al., 2015; Lubrini et al., 2022; Mathuranath
et al., 2003). Either way, we cannot rule out the possibility that the age of the participants
might have affected their verbal fluency performance regardless of their cognitive state.
Nevertheless, this sample would closely represent the affected population in case of a
potential real-life application, especially since elderly age itself is a primary risk factor for
MCI.

In the study, the MCI group was not subdivided along the subtypes of MCI (i.e.,
aMClI, naMCl). Since verbal fluency performance varies across these subtypes (Teng et al.,
2013; Weakley et al., 2013), it would be worthwhile to design a study investigating the
effect of the MCI subtype on the temporal parameters. In relation to this, the etiology of
MCI should also be considered in future research.

To follow the clinic's protocol, and to ensure that our outcomes can be comparable
with the previous results of our research team, we relied on the MMSE to assess the
cognitive status of the participants. However, according to some reviews, MMSE is not
optimal for the detection of MCI, as it has a relatively low sensitivity for the impairment of
frontal executive functions (Kim et al., 2014). Even though not designed to accurately
detect MCI, MMSE can be used to distinguish cognitively intact and impaired subjects, and
as this, it was sufficient to assist our aims.

When interpreting the results of the study, it is also important to take into
consideration that, due to its exploratory nature, corrections for multiple comparisons were
not applied during the statistical analysis. As one of the main goals of the study was to
investigate and identify all temporal fluency parameters that can differentiate between the
groups, confirmatory studies are required to further confirm to the discriminatory ability
and clinical utility of the significant temporal parameters.
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VIIl. CONCLUSIONS

The present thesis showed that Hungarian GPs are aware of the benefits of early dementia

detection and of the concurrently low recognition rates as well. However, the majority of

them do not use formal cognitive tests for dementia case-finding. In accordance with the
goals of international dementia plans, improving the rates of detected dementia in

Hungarian primary care should be a major objective. The most effective way to achieve

this is to lend sufficient support to GPs: besides providing more favorable conditions and

emphasizing the benefits of early treatment, it would be also important to construct remote
or automated screening tools applicable in GPs’ practices.

Based on the assessed needs of GPs, we introduced an alternative method of verbal
fluency analysis. This study was the first in the literature to examine verbal fluency
performance beyond the retrieved words. The results revealed the discriminatory ability of
the silent pause parameters in the case of SVF tests. Since silence-related parameters could
be relatively easily extracted from fluency voice recordings, this approach shows promising
potential; however, the calibration and validation of the method remain to be solved.
Building on the results, the next goal would be to construct an automated instrument
capable of identifying cognitively impaired patients based on their speech/silence ratio.

The novel findings presented in this thesis are the following:

I.  Although Hungarian GPs are aware of the benefits of dementia detection and the
concurrently low recognition rate in primary care, and most of them reported
satisfaction with the available cognitive tools, only a minority uses standardized
cognitive tests for dementia screening.

[1.  Time pressure and the lack of cost- and time-effective instruments seem to be the most
significant barriers to effective dementia screening in primary care.

I1l. When analyzing SVF tasks, silence-related temporal parameters can differentiate
between the HC and MCI groups; however, hesitations and irrelevant utterances
showed no systematic differences between the groups.

IV. The discriminatory ability of some silence-related temporal parameters is comparable
to the most traditionally applied count-based measures.

V. In line with previous studies, our results confirmed the superiority of SVF over PVF
tests regarding the differentiation between the HC and MCI groups, highlighting the
important role of the semantic networks in the detection of MCI.
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The development of remote and computerized tools is especially important, seeing
the growing necessity of telemedicine-based health consultations. Considering the globally
heavy burden on the healthcare systems, an automated and cost-effective telemedical tool

would be a valuable addition to any primary care or clinical practices, and would likely
improve the detection rates of MCI.
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KEY MESSAGES

e Hungarian GPs were aware of the benefits of early dementia recognition.

e Most GPs do not use cognitive tests for case-finding.

e Besides providing longer consultation times, the primary way to improve the efficacy of recognition would
be to construct a cost- and time-effective dementia identification strategy applicable in GPs’ practices.
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ABSTRACT

Background: Undetected dementia in primary care is a global problem. Since general practi-
tioners (GPs) act as the first step in the identification process, examining their routines could
help us to enhance the currently low recognition rates.

Objectives: The study aimed to explore, for the first time in Hungary, the dementia identifica-
tion practices and views of GPs.

Methods: In the context of an extensive, national survey (February-November 2014) 8% of all
practicing GPs in Hungary (n=402) filled in a self-administered questionnaire. The questions
(single, multiple-choice, Likert-type) analysed in the present study explored GPs' methods and
views regarding dementia identification and their ideas about the optimal circumstances of
case-finding.

Results: The vast majority of responding GPs (97%) agreed that the early recognition of demen-
tia would enhance both the patients’ and their relatives’ well-being. When examining the possi-
bility of dementia, most GPs (91%) relied on asking the patients general questions and only a
quarter of them (24%) used formal tests, even though they were mostly satisfied with both the
Clock Drawing Test (69%) and the Mini-Mental State Examination (65%). Longer consultation
time was chosen as the most important facet of improvement needed for better identification
of dementia in primary care (81%). Half of the GPs (49%) estimated dementia recognition rate
to be lower than 30% in their practice.

Conclusions: Hungarian GPs were aware of the benefits of early recognition, but the shortage
of consultation time in primary care was found to be a major constraint on efficient
case-finding.

KEYWORDS

General practitioners;
primary care; dementia;
case-finding; cognitive tests

Introduction and 300,000 registered cases [2,3]. Due to the rapidly

General practitioners (GPs) are greatly involved in the
early stages of the dementia recognition process, as
most patients visit them first to have their initial cog-
nitive examination [1]. In Hungary, the estimated num-
ber of patients with dementia lies between 150,000

aging population, GPs in primary care are prone to
see even more dementia patients in the future.

In Hungary, the dementia identification process
depends on multiple professionals. Potential pathways
to the identification of dementia could involve the
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patients’ subjective complaints and/or their family
members’ reports on cognitive problems, GPs' con-
cerns about signs of dementia during patient consult-
ation, targeted case-finding and population screening
[4]. If needed, GPs can decide to carry out basic
neuropsychological tests (of which the Mini-Mental
State Examination (MMSE) and the Clock Drawing Test
(CDT) are financially reimbursed) and/or refer potential
dementia patients to secondary care (memory clinic,
psychiatry, neurology) for further investigation.
Establishment of the diagnosis, identification of the
etiology based on the International Classification of
Diseases — 10th revision (ICD-10) and the prescription
of the necessary anti-dementia medications are the
tasks of psychiatrists or neurologists. After the diag-
nostic work-up, the specialists usually schedule
patients for regular follow-up as well.

The difficulty of early dementia recognition is a glo-
bal problem: research suggests that a substantial
amount of dementia cases (up to 66%) is missed in pri-
mary care [5]. One of the main obstacles towards effect-
ive dementia case-finding in primary care is the low use
of standardised cognitive tests. Not only is dementia a
taboo topic for many GPs [6], some of them also experi-
ence ambivalence regarding the advantages of early
diagnosis [7], thinking that treatment options are lim-
ited or non-existent, while some even believe that noth-
ing could be done for patients with dementia [8].

Apart from an international study with limited sam-
ple sizes [9], no extensive research has been conducted
on GPs’ routines and views regarding dementia man-
agement neither in Hungary nor in many East-Central

European countries. To address the lack of research,
experts of two Hungarian universities collaborated on a
large-scale project to examine several aspects of GPs in
dementia care (see Methods section). As part of this
project, the present study’s main aim was (1) to identify
the methods currently being used by Hungarian GPs
for the recognition of dementia; (2) to observe GPs’ sat-
isfaction with the most widespread dementia screening
tests; (3) to examine GPs' views regarding dementia
and its management and (4) to explore their ideas
about an ideal test for early recognition and those opti-
mal circumstances that could contribute to the estab-
lishment of more efficient and effective ways of
dementia identification in Hungarian primary care.

Methods
Instrument

To meet the aims of the project, a self-administered
questionnaire was designed specifically to explore a
broad range of aspects regarding GPs’ role in dementia
detection and management in Hungary. The project
investigated several significant topics, including GPs’
routines and perspectives regarding dementia detec-
tion in Hungary (which is covered by the present
paper); GPs' factual knowledge of dementia [10] and
also their attitudes regarding dementia patients and
their management [11]. The development and valid-
ation of the questionnaire was a multistage process,
taking up one year (Figure 1). The questions analysed
in the present paper were fixed-response (single or

STAGE 1. STAGE 2.

STAGE 3. STAGE 4.

reviewing the scientific literature

= identifying goals

drafting the initial questionnaire

revising the initial
version of the
questionnaire

confirming face
and content
validity

agreeing on the
final form of the
questionnaire

-

expert panel I:
1 neurologist
1 psychiatrist
1 psychologist

(Department of Psychiatry,
University of Szeged)

| |

expert panel Il:
3 practicing GPs

(Department of
Family Medicine,
University of
Szeged)

expert panel Ill:
2 GPs

all contributing

researching experts,

family medicine including the
authors

(Department of (JK, MP, EP, SZH)

Primary Health
Care, University of
Pécs)

9 months

Figure 1. The multistage process of the questionnaire development.

3 months



multiple choice) and Likert-type questions; open-ended
questions were not applied. (For the list of questions,
refer Supplementary Material).

Participants and data collection

In Hungary, all practicing GPs must participate in a
continuous education program, which means attend-
ing one professional training course in every 5year
period. Since our aim was to reach as many GPs as
possible from every region of the country, the ques-
tionnaires were distributed at six major mandatory
training courses and at three national conferences
within a 10-month time frame, between February and
November 2014. In order to avoid the courses’ influ-
ence on the results of the study, we selected events
that did not provide any specific education about
dementia during our recruitment period. Ethical
approval was obtained from the Regional and
Institutional Research Ethics Committee of the
University of Pécs (reference number: 5244).

The questionnaires were distributed on-site among
the GP-attendees at the selected trainings and confer-
ences, along with a written informative. Participation
was entirely voluntary and anonymous. Completion
rate varied for each question (the questions were
completed on average by 86% of the respondents);
therefore, in Results, the numbers of responses are
indicated in brackets for each question.

Data was analysed using the SPSS v.24 statistical
analysis software package (SPSS Inc., Chicago, IL, USA).
Descriptive statistics (mean, percentage, standard devi-
ation) were applied for all items on the questionnaire.
Comparative analysis was executed for one question,
using the Wilcoxon signed ranks test (statistical signifi-
cance was set at the 5% level).

Results

Demographic properties and practice
characteristics

Altogether 402 GPs handed back their completed
questionnaire, which is more than 8% of all 4,850 GPs

Table 1. GPs’ demographics and characteristics of practices.

EUROPEAN JOURNAL OF GENERAL PRACTICE . 9

practicing in Hungary in 2014 [12]. Demographic infor-
mation and characteristics of practices are presented
in Table 1.

Ways of dementia evaluation and views on
cognitive tests

The vast majority of GPs reported that they ask the
patient general questions (91%; n=355) or they
gather information from relatives (64%; n=253). Only
a quarter of them (24%; n=95) indicated that they
utilise cognitive tests and some did not perform any
examinations at all to test for the possible occurrence
of dementia (5%; n=22) (Table 2).

Two of the most widely used tests for dementia
evaluation, the MMSE and the CDT, are fairly well-
known among respondents: most GPs reported that
they knew CDT (89%; n=307) and fewer people
stated familiarity with MMSE (76%; n = 265). One-fifth
(18%; n=63) of the respondents said that they knew
Early Mental Test, however, only a few GPs stated they
were familiar with Mini-Cog (4%; n=17) or GPCOG
(1%; n=4). More than two-thirds of respondents indi-
cated they were (completely or mostly) satisfied with
the CDT (69%; n=152) while a slightly lower percent-
age of them expressed satisfaction with the MMSE
(65%; n=98) (Table 3).

Table 2. GPs’ ways of dementia evaluation at their practices.

Dementia evaluation method n %

Asking general questions 355 91.0
Gathering information from relatives 253 64.9
Taking cognitive tests 95 24.4
No examination 22 5.6

Table 3. GPs' satisfaction regarding the Mini-Mental State
Examination (MMSE) and the Clock Drawing Test (CDT).

Level of satisfaction

Test 1 2 3 4 5 n M SD
DT 18% 138% 147% 463% 234% 218 3.76 1.021
MMSE  13% 173% 16.0% 493% 16.0% 150 3.61 0.995

1: not satisfied at all; 5: completely satisfied; M and SD: mean and stand-
ard deviation of the Likert-type scale values.

Gender (n=387) % Place of practice (n=372) % Dementia training (last 2 years) (n =366) %

Male 46.3 Urban 66.1 yes 19.4
Female 53.7 rural 339 no 80.6
Age (n=393) % Number of patients/day (n=393) % Number of dementia patients (n = 383) %

25-35 5.9 0-30 2.0 0-50 49.9
36-45 125 31-40 16.9 51-100 38.1
46-55 249 41-50 27.9 101-150 8.4
56-65 40.2 51-60 25.1 151-200 26
65+ 16.5 60+ 259 200+ 1.0
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Table 4. GPs' views of the detection and management of dementia.

Level of agreement

Strongly Mostly Cannot Mostly
Statement agree agree decide disagree Strongly disagree n M (SD)
Screening in primary care leads to more 35.1% 33.2% 19.8% 8.3% 3.5% 373 2.12 (1.089)
effective outcomes in therapy.
If conditions were suitable, | would implement 25.7% 53.3% 6.4% 13.0% 1.6% 377 2.11 (0.987)
screening tests for early detection
of dementia.
Managing dementia patients and their 31.9% 43.4% 5.2% 15.6% 3.9% 385 2.16 (1.150)
caregivers takes more time than | can afford
at my practice.
Currently available anti-dementia therapies 1.9% 14.8% 26.7% 37.2% 19.4% 371 3.57 (1.022)

are effective.

1: Strongly agree; 2: Mostly agree; 3: Cannot decide; 4: Mostly disagree; 5: Strongly disagree. M and SD: mean and standard deviation of the Likert-type

scale values.

Views regarding dementia identification
and management

Supporting the importance of dementia recognition in
the early stages, the vast majority (90%; n=352)
believed that early therapy could slow down symptom
progression. GPs also held the view (97%; n=374)
that early detection enhanced both the patients’ and
their relatives’ well-being.

Regarding their views on dementia testing and
managing, participants were required to mark their
answers on a 5-point Likert-type scale (strongly agree/
mostly agree and strongly disagree/mostly disagree
responses are presented together). Three-fourths (75%;
n=290) of the GPs believed that managing dementia
patients and their caregivers took more time than
they could afford in their practice. Provided that con-
ditions were suitable, the majority (79%; n=298)
would implement standardised cognitive tests for the
early detection. Despite that half of the respondents
(56%; n=210) felt that currently available anti-demen-
tia therapies were ineffective, two-thirds of them
(68%; n=255) still believed that dementia already
detected in primary care would lead to more effective
outcomes in therapy (Table 4).

Suggestions for improvement of dementia
detection: contributing factors and an
optimal instrument

From a list of five contributing factors to a more
effective dementia examination routine, GPs marked
the items as necessary with the following percentages:
more time for patients (81%; n=311), up-to-date tests
(with a maximum of 5min needed for administration
and evaluation) (77%; n=297), help from assistants
(50%; n=192), more staff (44%; n=170), and finally,
more examination rooms (26%; n = 103). Regarding an

Table 5. GPs' ideas about an optimal cognitive screen-
ing tool.

Aspects Options n %
Test administrator (n = 230) Assistant 87 378
Patient 86 374
GP 54 235
Caregiver 3 13
Caregiver information (n =317) Containing 278 877
Not containing 39 123
Test format (n=321) Pen-and-paper test 265 82.6
Computer-based 48 15.0
test program
Online test 8 25
Maximum administration time (n =330) Up to 5min 189 573
Up to 10min 110 333
Up to 15min 31 94

optimal, up-to-date instrument, GPs preferred a pen-
and-paper test that could be administered by an
assistant or the patients themselves and would include
information from the patients’ caregivers (detailed
results are provided in Table 5).

Estimated recognition of dementia

Finally, GPs were asked to estimate the recognition rate
of dementia in Hungarian primary care and their prac-
tice. Regarding primary care, almost two-thirds (62%;
n=226) thought case recognition is under 30% and
only very few (7%; n=27) estimated that dementia is
recognised in more than 60% of the cases. However,
when asked about their recognition rate, half of them
(49%; n=180) said that they recognise a maximum of
30%, meanwhile, one-sixth (16%; n=61) reported that
they detect more than 60%. Wilcoxon signed ranks test
was performed and results suggested that GPs' estima-
tion of their own dementia recognition rate was signifi-
cantly higher than their estimations of recognition rate
in primary care (Z = -7.806; p < .000).



Discussion
Main findings

Hungarian GPs are generally accepting of the idea of
cognitive examinations for signs of possible dementia
in primary care and more than two-thirds of them are
satisfied with the most commonly used cognitive
screening tests (MMSE and CDT). However, only a
quarter of them uses standardised cognitive tests in
their practices. GPs feel that early detection of demen-
tia leads to more effective outcomes in therapy and
serves the well-being of both patients and their fami-
lies, however they remain ambivalent about the effect-
iveness of anti-dementia therapies. The most critical
barriers towards effective dementia case-finding
appear to be the insufficient conditions: mainly lack of
time and quickly administrable instruments.

Interpretation of the study results

Our results revealed a discrepancy between GPs’ over-
all attitudes regarding testing for dementia in primary
care versus their actual habits. Even though GPs seem
to be aware of the benefits of timely dementia detec-
tion and they know the most commonly used cogni-
tive tools, only a quarter of them actually apply these
tests for the purpose of dementia detection, while a
few do not perform any examinations at all. A similar
conflict was found regarding Dutch GPs’ views and
habits, who reported taking action at a more pro-
gressed stage of dementia, despite that they know the
importance of early intervention [13]. The rare applica-
tion of formal tests has been also observed in other
European studies: many (85% of French, 79% of Swiss,
53% of Italian and 33% of Scottish) GPs reported that
they did not regularly perform standard procedures in
their diagnostic evaluation [14-17], with many prefer-
ring the use of non-standardised, general questions
[18]. Although there are some exceptions: 92% of Irish
GPs self-reported in a survey that they used an appro-
priate tool to evaluate their patients’ cognition [19]
and only 10% of German GPs did not use any screen-
ing instrument [20]. Although the trend of not per-
forming formal tests seems to be widespread, missing
data, especially from the East-Central European region
only provides us with an incomplete image on the
topic and raises difficulties with international
comparisons.

Since Hungarian GPs seem to be ambivalent
regarding the effectiveness of anti-dementia medica-
tion, their screening habits may reflect therapeutic
nihilism. Some previous studies suggest so: e.g. half of
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the French GPs felt that it was not worth making a
dementia diagnosis because of the ineffective pharma-
cological treatment [21].

Findings of the present study indicated that the
main obstacle to testing for dementia might be short
consultation time with patients (which is approxi-
mately 6 min in Hungary) [22]. Besides the shortage of
time, GPs mentioned the need for quickly adminis-
trable cognitive tools and more help from health care
staff. All of these concerns are reflected by previous
studies (e.g. from the UK and the Netherlands) [23,24].
Despite the time restrictions, current views of scientific
literature advocate for the integration of targeted
case-finding approach into primary care, prompting
early dementia identification [4].

Cultural differences in the attitudes towards age-
related memory problems may also affect the success
of dementia detection. In Hungary, dementia symp-
toms (especially in the earlier stages) are often over-
looked and thus do not prompt taking steps towards
recognition. The tolerance for cognitive decline associ-
ated with older age may be higher in Hungary com-
pared to other countries, where elderly people live far
from their families and lead a more independent life
(e.g. the USA) that would be greatly endangered by a
mental illness.

Implications for clinical practice

The underutilisation of validated cognitive tests might
be partly due to the lack of agreements on the most
effective ways of dementia recognition, leaving the
GPs without an unambiguous source of reference. A
crucial way to improve recognition rates would be the
regular update of international and national dementia
guidelines (e.g. the latest Hungarian version was in
effect until 2008 and is about to be updated in 2019),
which usually give suggestions on the most adequate
testing methods for dementia recognition.

The underuse of standardised instruments and the
underdiagnoses of dementia in primary care may also
be attributed to the prioritisation of somatic diseases
over cognitive problems among the elderly. Since
more than 65% of people over the age of 65 have
multiple chronic conditions [25], the examination of
memory functions might end up at the bottom of the
priority list [8]. Furthermore, the progression of
dementia is a slow process and thus is less obvious
than the sudden onset of a somatic, sometimes pain-
ful complaint requiring urgent examination.
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Strengths and limitations

To the best of our knowledge, this was the first
Hungarian study in which GPs were questioned about
their routines and views regarding dementia recogni-
tion. Our study describes results drawn from a relatively
large sample (8% of all practicing GPs in Hungary), with
participants from all regions of Hungary.

When interpreting the results, some limitations
should be considered. First, as our findings were based
on the answers of self-recruited, voluntary participants,
the results might represent the views and routines of a
more motivated and competent sample of Hungarian
GPs. Second, given the sensitive topic of dementia
detection practices, the effect of social desirability bias
should also be taken into account when interpreting
the results. Third, since a pen-and-paper questionnaire
was applied, it could not be ensured that all 402 par-
ticipants filled out all the questions, thus resulting in
different numbers of missing responses throughout the
survey and limiting the validity of questions with less
responses. Regarding future works, it would be useful
to recruit a representative sample of Hungarian GPs
and also to apply qualitative methods to deepen our
understanding on the topic further.

Conclusion

Although GPs in our sample seem to be aware of the
benefits of dementia detection in primary care and
also the concurrently low recognition rate in the coun-
try, the majority does not use formal cognitive tests
for case-finding. Besides providing more favourable
conditions (e.g. time and professional help), proper
education and emphasising the benefits of early iden-
tification and treatment, the main way to improve the
efficacy of recognition in primary care would be to
construct a cost- and time-effective dementia identifi-
cation strategy applicable in GPs’ practices. With suffi-
cient help, GPs could significantly improve the rate of
detected dementias in Hungary, which also corre-
sponds with the goals of international dementia plans.
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Abstract

Objective: Most recordings of verbal fluency tasks include substantial amounts of task-irrelevant content that could provide
clinically valuable information for the detection of mild cognitive impairment (MCI). We developed a method for the
analysis of verbal fluency, focusing not on the task-relevant words but on the silent segments, the hesitations, and the
irrelevant utterances found in the voice recordings. Methods: Phonemic (‘k’, ‘t’, ‘a’) and semantic (animals, food items,
actions) verbal fluency data were collected from healthy control (HC; n = 25; M,,. = 67.32) and MCI (n = 25; M,,. = 71.72)
participants. After manual annotation of the voice samples, 10 temporal parameters were computed based on the silent and
the task-irrelevant segments. Traditional fluency measures, based on word count (correct words, errors, repetitions) were also
employed in order to compare the outcome of the two methods. Results: Two silence-based parameters (the number of silent
pauses and the average length of silent pauses) and the average word transition time differed significantly between the two
groups in the case of all three semantic fluency tasks. Subsequent receiver operating characteristic (ROC) analysis showed
that these three temporal parameters had classification abilities similar to the traditional measure of counting correct words.
Conclusion: In our approach for verbal fluency analysis, silence-related parameters displayed classification ability similar to
the most widely used traditional fluency measure. Based on these results, an automated tool using voiced-unvoiced
segmentation may be developed enabling swift and cost-effective verbal fluency-based MCI screening.

Keywords: Cognitive aging, Mild cognitive impairment, Neuropsychology, Verbal fluency, Semantic memory, Speech
parameters

INTRODUCTION

Mild cognitive impairment (MCI) is a heterogeneous clini-
cal syndrome, often considered a transitional stage
between healthy cognitive aging and dementia (Petersen,
2004), and it is also associated with an increased risk of
developing dementia later on (Roberts et al., 2014).
Early recognition and timely diagnosis are crucial in
MCI, because they can provide an opportunity to reduce
the rate of cognitive decline (Hahn & Andel, 2011), while
also offering a chance for the patients and their relatives to
start planning for the future (Knopman & Petersen, 2014).
Considering the high prevalence of MCI (Roberts &
Knopman, 2013) and especially the constantly overbur-
dened clinical settings, it would be beneficial to replace

the current labor-intensive and time-consuming assess-
ments of cognitive functioning with swift, low-cost, and
preferably automated tools.

Verbal fluency tests are neuropsychological tests, exten-
sively used both in research and in the clinical practice. In
the standard versions of the fluency tests, participants are
given 60 s to list as many words as they can, beginning with
a given letter (phonemic fluency) (Borkowski, Benton, &
Spreen, 1967) or belonging to a given semantic category
(semantic fluency) (Newcomb, 1969). There is an additional,
third type of verbal fluency task: action fluency (or verb flu-
ency), where the patients have to produce as many verbs
(‘things that people do’) as they can (Piatt, Fields, Paolo,
& Troster, 1999). However, in the current study, for the sake
of simplicity, action fluency will be regarded as a semantic
fluency task, because both semantic fluency and action flu-
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ency are content-oriented speech tasks (Ostberg, Fernaeus,
Hellstrom, Bogdanovic, & Wahlund, 2005).
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Both phonemic and semantic fluency tasks require rapid
associative exploration; however, semantic fluency relies
more on semantic associations and reflects more on the integ-
rity of semantic memory. On the other hand, phonemic flu-
ency depends more on search strategies based on lexical
representation (Henry, Crawford, & Phillips, 2004; Teng
et al., 2013). Executive control processes also play a major
role in the execution of verbal fluency tests, because during
the task, subjects not only need to remember the exact instruc-
tion and keep the already used responses in mind, but they
must also repress the repetitions and other potentially incor-
rect or irrelevant responses (Shao, Janse, Visser, & Meyer,
2014). Fluency tests have been validated in the assessment
of verbal and executive skills (Shao et al., 2014), and both
of these abilities have been reported to deteriorate in dementia
and in other forms of cognitive impairments. Therefore, flu-
ency tests have a great potential as effective screening tools
for MCI (Garcia-Herranz, Diaz-Mardomingo, Venero, &
Peraita, 2020; McDonnell et al., 2020).

The traditional, most common approach for the assess-
ment of verbal fluency performance requires the clinician
to count the number of unique and correct words, along with
the number of errors and the number of repetitions produced
by the participant. This analysis can be refined by scoring the
number of correct words based on time intervals (e.g., 0-20,
21-40, 41-60 s) (Demetriou & Holtzer, 2017; Jacobs,
Mercuri, & Holtzer, 2021). Moving beyond simple word
counts, a more sophisticated, qualitative method can be
applied, which is called clustering. In this method, consecu-
tive words are clustered based on linguistic similarity or a
shared category (e.g., thyming words in the case of phonemic
fluency tasks, or pets in the case of the animal fluency task).
Thus, the average sizes of the clusters and the number of
switches between these clusters can be examined (Troyer,
Moscovitch, & Winocur, 1997). Even though this approach
may provide more information about the underlying mental
processes, it is also relatively time-consuming.
Furthermore, compared to the most widespread, word
count-based assessment, this method requires the manual
coding and grouping of words, which may even raise reliabil-
ity issues (Taler, Johns, & Johns, 2020).

Recently, there have been multiple attempts with different
approaches to overcome the disadvantages of the above-men-
tioned methods by introducing automated analyses. These
approaches have the benefit of being objective, repeatable,
and they also yield quick output (Konig et al., 2018). The
majority of these methods focus on the computation and
analysis of semantic clusters. Latent semantic analysis
(LSA) can be applied to examine the strength of the semantic
relationship of two consecutive words by constructing a co-
occurrence matrix for all of the words found in a given corpus
of text (Ledoux et al., 2014; Pakhomov & Hemmy, 2014). A
more recent computational method, called explicit semantic
analysis (ESA), examines Wikipedia entries for the quantifi-
cation of relationships between words based on different
types of similarities (e.g., taxonomic, geographic, or linguis-
tic) (Woods, Wyma, Herron, & Yund, 2016). It is also
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possible to combine semantic measures with temporal infor-
mation. In this approach, the recalled words are organized in
clusters defined semantically and also in clusters based on the
temporal proximity of the words (Troger et al., 2019). Verbal
fluency tasks can also be analyzed by exploring certain
speech features that can be automatically extracted from flu-
ency voice recordings (Lopez-de-Ipina et al., 2015).

However, there is a major obstacle in the application of the
automatic analysis of fluency recordings that stems from the gen-
eral characteristics of the responses produced by the participants:
most voice recordings of fluency test performances contain more
than just a sequence of task-relevant words. The recordings also
contain speech segments irrelevant in terms of the task, including
filler words or hesitations, irrelevant comments, questions
directed at the examiner, or loud thinking. To be able to auto-
matically analyze the task-relevant words, fluency recordings
need to go through a time-consuming preparation process prior
to the analysis: the words irrelevant to the task need to be
removed from the recording or transcript, and some words need
to be lemmatized (i.e., converted to their stem) (Chen et al.,
2020; Holmlund, Cheng, Foltz, Cohen, & Elvevag, 2019).

Given the substantial amount of task-irrelevant content in
most fluency recordings, the question arises whether the
analysis of these segments could provide valuable informa-
tion regarding the overall verbal fluency performance of
the patient. After manually annotating the recordings, we
derived temporal parameters that, instead of targeting the
task-relevant words, contained the silent segments, the hesi-
tations, and the utterances irrelevant to the task. Therefore,
the focus of this exploratory study was to move beyond
the words recalled by the participants and explore the addi-
tional, previously unharvested information present in the flu-
ency recordings. It should be noted that this approach,
similarly to the previously summarized methods, required
substantial manual work. However, in the future (depending
on the characteristics of the given parameter) it could allow
the development of automatic analysis.

Our main goal was: (1) to examine whether these parame-
ters can differentiate between participants classified as healthy
control (HC) and as MCI (temporal analysis method). Besides
the temporal parameters, traditional fluency scores (number of
correct words, errors, and repetitions) were also calculated for
the same fluency recordings (traditional analysis method). We
sought; (2) to compare the two methods of analysis regarding
their ability to detect differences in the performance of the HC
and MCI groups. The inclusion of both phonemic and semantic
fluency tasks in the research protocol also allowed us; and (3)
to compare the different types of fluency tasks to investigate
their sensitivity to the presence of MCI.

METHODS

Participants

Participants (patients and their relatives, scheduled for con-
sultations) were recruited at the Memory Clinic of the
Department of Psychiatry, University of Szeged (Szeged,
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Hungary). Data collection was carried out between February
2018 and March 2020.

The required sample size for the study was assessed a pri-
ori using G *Power v.3.2.9.7. (Faul, Erdfelder, Lang, &
Buchner, 2007) with the settings of effect size d = 0.8; alpha
error probability: 0.05, power (1-beta error probability): 0.8.
Based on this, the optimal sample size was calculated as 52,
which later (due to COVID-19 regulations halting data col-
lection in clinical research) was limited to 50. Initially, a total
of 79 individuals were recruited to take part in the study.

Inclusion criteria included at least 50 years of age, a mini-
mum of 8§ years of formal education, and Hungarian as a native
language. Individuals were excluded if they had any past or
present neuropsychological, psychotic or mood disorders,
head injuries, stroke, substance abuse disorders, major (uncor-
rected) hearing loss, or language problems (e.g., stutter), based
on patient history and medical records. Participants with MRI
or CT records showing evidence of micro- or macrohemor-
rhages, lacunar or other infarctions, cerebral contusion,
encephalomalacia, aneurysm, vascular malformation, or
space-occupying lesions were also excluded.

In addition, the two main exclusion criteria were the presence
of dementia or major cognitive deficits and depression. To rule
out possible cases of dementia, the Mini-Mental State
Examination (MMSE) (Folstein, Folstein, & Mchugh, 1975)
was applied as a screening tool: participants with a score of
24 or below were excluded from the study. The possibility of
depression was assessed using the 15-item version of the
Geriatric Depression Scale (GDS-15) (Yesavage & Sheikh,
1986): participants scoring 7 or above on the test were excluded.
After reviewing and evaluating the criteria, 50 subjects were
considered eligible for inclusion in the study (Figure 1).

Participants were split into two groups based on their MMSE
scores. MMSE cut-off scores were determined based on the
results of previous studies conducted by our research group:
in these works, the mean scores of MMSE emerged as
29.17+0.71/29.24 £ 0.523 for the HC and 26.97 +0.96)/
27.16 £ 0.898 for the MCI group (Gosztolya et al., 2019;
Toth et al., 2018). Hence, participants achieving a score of 29
to 30 points were considered as healthy control (HC) subjects,
while participants achieving a score of 25 to 28 points formed
the MCI group. The subtypes of MCI (amnestic or non-amnes-
tic) were not considered. The two groups showed no significant
difference in gender and years of education. However, partici-
pants of the MCI group were significantly older than the partic-
ipants enrolled in the HC group. No significant difference was
found in the GDS-15 score between the two groups (Table 1).

Study Protocol

Each participant performed a series of neuropsychological
tests: six fluency tasks, the Digit Span Test — Forward and
Backward (Wechsler, 1981), the Non-Word Repetition
Test (Gathercole, Willis, Baddeley, & Emslie, 1994), the
Listening Span Test (Daneman & Carpenter, 1980), the
Clock Drawing Test (Shulman, Shedletsky, & Silver,
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1986) and the Alzheimer’s Disease Assessment Scale —
Cognitive Subscale (ADAS-Cog) (Rosen, Mohs, & Davis,
1984). The fluency tasks were implemented in a fixed order,
separated by the five shorter cognitive tests, while ADAS-
Cog was administered at the very end of the study protocol
to prevent fatigue. We also ensured that tasks assessing the
same cognitive domain did not follow each other directly.

In the three phonemic fluency tasks, the participants were
asked to list as many words as they can, starting with the let-
ters ‘k’, ‘t’, and ‘a’, respectively, while avoiding proper
nouns. For the semantic fluency tasks, participants had to
name as many animals, food items, and actions (verbs —
‘things that people do’) as they could. The participants were
instructed to avoid saying variations of the same word stem
(e.g., horse, horses; go, goes). For all 6 verbal fluency tasks,
participants had 1 min to perform the task. The 1-min interval
began with the investigator saying: ‘Start.” Every verbal flu-
ency task was recorded using an Olympus Digital Voice
Recorder (16 kHz sampling rate, 16-bit resolution). The
recordings were also transcribed manually for the calculation
of the traditional scores. Therefore, fluency performances
were analyzed in two ways: by implementing the novel tem-
poral parameters, and also by using the traditional method,
based on word count.

Analysis Method Based on Temporal Parameters

Manual transcription process of the fluency
recordings

Voice recordings of all fluency tasks were manually tran-
scribed in Praat, a free language software enabling speech
analysis (Boersma & Weenink, 2020). The transcription
process was supervised by a linguist specialized in language
pathologies (I. H.), while quality control was ensured by an
expert in the field of computational speech processing (G.
G.). Due to the quality of their recordings, an HC participant’s
animal category fluency task and an MCI participant’s ‘k’ let-
ter fluency task were unsuitable for transcription; therefore,
these recordings were not considered in the analysis of tem-
poral parameters, but they were included in the traditional
analysis.

Annotation of speech features in the verbal fluency
recordings

The transcriptions of the fluency recordings contained not
only the task-relevant answers of the participants (the recalled
words —including correct, incorrect, and repeated words), but
also silent pauses, hesitation sounds (filled pauses, like
‘hmm’ and ‘er’), and irrelevant utterances, such as comments
or loud thinking said by the subjects (e.g., ‘did I say this
before?’, ‘uh, it’s not an easy task, let me think..."). False
starts (‘te-... tiger’), as well as laughing and coughing
sounds were also annotated. The laughing, coughing, and
false starts parameters were considered unintentional and
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Fig. 1. Flowchart of the participant exclusion process. (GDS-15:15-item Geriatric Depression Scale; MMSE: Mini-Mental State

Examination; HC: healthy control; MCI: mild cognitive impairment).

Table 1. Descriptive and comparative statistics for the demographic characteristics and neuropsychological test scores of the study participants

HC (n =25) MCI (n=25)
M (SD) Comparative test statistics p

Demographics

Gender (male/female) 8/17 7/18 7 (1)=0.095 0.758

Age (years) 67.32 (8.300) 71.72 (5.435) U=187.000; Z=-2.440 0.015

Education (years) 13.48 (2.632) 12.36 (2.827) U=255.500; Z=-1.136 0.256
Neuropsychological test scores

MMSE 29.44 (0.507) 26.96 (1.060) U=0.000; Z=-6.202 < 0.001

GDS-15 1.84 (1.724) 2.40 (1.225) U=1232.500; Z=-1.587 0.112

HC: healthy control; MCI: mild cognitive impairment; MMSE: Mini-Mental State Examination; GDS-15: 15-item Geriatric Depression Scale.

Significant p-values (p < 0.05) are in bold.

were discarded from further analysis because we found that
the number of these occurrences was negligible.

Calculation of temporal parameters based on the
speech features

For each recording, task-relevant words, silent segments,
hesitation sounds, and irrelevant utterances were annotated
based on their boundaries (their exact start and end times),
providing their duration measures. Based on this, the total
number, the average length, and the total length of silent
pauses; the total number, the average length, and the total
length of hesitations; and the total number, the average
length, and the total length of irrelevant utterances were cal-
culated. Besides these parameters, the mean time between
two consecutive task-relevant words (average word transi-
tion time) was also calculated based on the transcript. Not
only correct words but also the errors and repetitions were
considered task-relevant words. The average word transition
time, irrelevant of its content, such as silent pause, hesitation,
or irrelevant utterance, provided information about the aver-
age time the participant needed to produce a new task-rel-
evant word, and because of this, it had a positive
association with the average and total length of silent pauses,
hesitations, and irrelevant utterances.

It is worth noting that because of the distinctive regular
rhythm that is inherent in verbal fluency performances, each
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of the task-relevant words listed by the participants was sep-
arated by a silent pause (irrelevant of its length).
Consequently, the number of silent pauses increased in par-
allel with the number of task-relevant words said by the par-
ticipant. Therefore, analyzing the number of silent pauses can
be viewed as the converse of the traditional approach of
counting only the task-relevant words.

The parameters used in the study are listed and defined
in Table 2; two waveform extracts from a fluency task per-
formed by an HC and an MCI subject are shown in
Figure 2.

Traditional Fluency Analysis Based on Word
Count

In the traditional scoring method (Lezak, 2012), we calcu-
lated the number of correct words, the number of errors,
and the number of repetitions or perseverations; the last
two were considered as one variable. In the case of animal
fluency, when a participant recalled synonymous words
(e.g., cat and Kkitten), variations in gender (e.g., hen and
rooster), or an animal and its offspring (e.g., horse and foal),
words were only scored as one. The participants did not
receive points for naming a subcategory if they also gave spe-
cific examples of it [e.g., in the case of food items: fruit (0
points), apple (1 point), pear (1 point)].
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Table 2. List and definitions of the temporal parameters

Temporal fluency parameters Description

Silent pause parameters
Total number of silent pauses (count)
Average length of silent pauses (s)
Total length of silent pauses (s)
Hesitation parameters
Total number of hesitations (count)
Average length of hesitations (s)
Total length of hesitations (s)
Irrelevant utterances parameters
Total number of irrelevant utterances (count)
Average length of irrelevant utterances (s)
Total length of irrelevant utterances (s)
Average word transition time (s)

Number of silent segments
Average length of silent segments
Total length of silent segments

Total number of filled pauses (e.g., ‘hmm’, ‘umm’)
Average length of filled pauses (e.g., ‘hmm’, ‘umm’)
Total length of filled pauses (e.g., ‘hmm’, ‘umm’)

Total number of filler words and comment blocks (including articles and conjunctions)
Average length of filler words and comment blocks (including articles and conjunctions)
Total length of filler words and comment blocks (including articles and conjunctions)
Mean period of time between two consecutive ‘task-oriented’” words

r— HC participant

r~ MCI participant

"

30s

I Hesitation * Irrelevant utterance " Task-relevant word

@ Silent pause

Fig. 2. Waveforms extracted from the food item fluency recordings of two participants. (Extracted from Praat. HC: healthy control; MCI: mild

cognitive impairment).

Statistical Analysis

Descriptive statistical analysis was used to examine the dem-
ographic features, the neuropsychological test scores, and the
fluency measures of the participants. The assumption of nor-
mality was not met according to the results of the Shapiro—
Wilk test in more than two-thirds of the cases, therefore,
in order to obtain comparable statistical measures, compari-
sons between the HC and the MCI groups were executed
using the Mann—Whitney U test. Categorical variables were
compared using the Chi-square test. Effect sizes were calcu-
lated using the Pearson correlation coefficient (r = ﬁ)
(Rosenthal, 1991).

Receiver operating characteristic (ROC) analysis was
applied to assess the classification abilities of the temporal
parameters and the traditional scores. Sensitivity and speci-
ficity were calculated using threshold values that yielded
the highest possible sensitivity (while keeping specificity at
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a minimum of 50%). For the comparison of classification
abilities, the differences between the area under the curve var-
iables (AUCs) were compared based on the method of
DeLong, DeLong, and Clarke-Pearson (1988).

For all statistical comparisons, the level of significance was
set at p < 0.05. All analyses were performed using SPSS v.24
(IBM SPSS Statistics for Windows, 2016), except for the com-
parison of AUCs, for which the MedCalc Statistical Software
v.19.6. (MedCalc Software, 2020) was utilized.

RESULTS
Temporal Parameters of Verbal Fluency
Performance

Considering the phonemic fluency tasks, in the ‘a’ fluency,
the average length and the total length of irrelevant utterances
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were significantly higher in the MCI group, while none of the
temporal parameters differed between the two groups in the
case of the ‘k’ and ‘" phonemic fluencies (Table 3).
Regarding the three semantic fluencies, the total number of
silent pauses were significantly higher in the HC group in
the animal and action fluency tasks, whereas the average
length of silent pauses and the average word transition time
were significantly higher in the MCI group throughout all of
the three tasks (Table 4).

Traditional Word Count Measures of Verbal
Fluency Performance

In the three phonemic fluency tasks, no statistically signifi-
cant difference was found between the groups regarding
the number of correct words and the number of repetitions
or perseverations. However, in the ‘a’ phonemic fluency task,
participants from the MCI group produced more errors than
participants from the HC group (Table 5). As for the semantic
fluency tests, participants from the HC group had a signifi-
cantly higher number of correct words in the case of all three
(animals, food items, and actions) tasks. In the number of rep-
etitions or perseverations, there was no statistically signifi-
cant difference between the two study groups (Table 6).

ROC Analysis of the Significant Temporal
Parameters

ROC analysis of the temporal parameters was carried out in
the case of the five parameters that, based on the previously
conducted comparative tests, showed significant differences
between the HC and MCI groups.

The analysis revealed that the average length and the total
length of irrelevant utterances had a significant classification
ability in the case of the ‘a’ phonemic fluency, with the same
sensitivity (80%) and specificity (52%) for both parameters.
In the semantic fluency tests, the number of silent pauses had
significant classification ability in both the animal and action
fluency tests, while the average length of silent pauses and the
average word transition time was shown to be able to dis-
criminate between the groups in the case of all three semantic
fluency tests. Sensitivity was the highest in the case of the
average word transition time in the animal fluency test (sen-
sitivity: 96.0%; specificity: 62.5%). Accuracy measures of
the temporal parameters that differed between the groups
are given in Table 7. For every ROC analysis, sensitivity
and specificity were determined using threshold values opti-
mal for early screening, i.e., maximizing the sensitivity, while
keeping specificity greater than or equal to 50%.

ROC Analysis of the Significant Traditional
Measures

ROC analysis was also executed on the traditional measures
that showed significant differences between the HC and MCI
groups, to determine the classification ability of these
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measures. The analysis revealed that the number of errors
in the ‘a’ phonemic fluency test had no significant classifica-
tion ability. With respect to semantic fluency tests, the num-
ber of correct words showed significant classification abilities
in the case of the animal, the food item, and the action fluen-
cies. The animal naming fluency showed the highest sensitiv-
ity of 100% (specificity: 56%). Accuracy measures of the
traditional fluency scores that showed significant differences
between the groups are given in Table 8.

Comparison of the Temporal and Traditional
Measures Regarding their Classification Ability

Pairwise comparisons of AUCs were executed to compare the
classification ability of the three significant temporal param-
eters (total number of silent pauses, average length of silent
pauses, average word transition time) and the significant tra-
ditional measure (number of correct words) in the semantic
fluency tasks. In the animal category fluency, the results indi-
cated no significant differences regarding AUCs between the
number of correct words and the total number of silent pauses
(Z=1.433, p=0.151) or the average word transition time
(Z=1.579, p=0.114), however, the classification ability
of the average length of silent pauses was smaller
(Z=2.043, p=0.041) compared to the correct word count.
In the case of the food item fluency, no difference was found
between the AUCs of the number of correct words and the
average length of silent pauses (Z=0.978, p=0.328), and
the average word transition time (Z=0.662, p=0.508).
Furthermore, in action fluency, the classification ability of
correct word count did not differ from either the total number
of silent pauses (Z=0.267, p =0.789), the average length of
silent pauses (Z = 0.056, p = 0.954) or the average word tran-
sition time (Z=0.046, p =0.962).

DISCUSSION

Main Findings

This study presents a new practical framework for verbal flu-
ency analysis. To the best of our knowledge, we are the first to
report on verbal fluency performance beyond the recalled
words, focusing on the pauses and task-irrelevant content
of speech in the fluency recordings. We quantitatively ana-
lyzed a number of temporal parameters that were calculated
based on silent pauses, hesitations, and irrelevant speech seg-
ments annotated in the recordings. Our main finding is that in
the case of semantic fluency tests, some of the temporal
parameters based on silent pauses can discriminate between
individuals with cognitive impairment and individuals with
healthy cognition. These results suggest that the analysis of
these temporal parameters may complement or even substi-
tute the widely applied, but more time-consuming and
labor-intensive traditional word scoring method, while still
providing comparable classification ability.
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Table 3. Descriptive measures and statistical comparison of the temporal parameters in the phonemic fluency tasks

Phonemic fluency tasks HC MCI Mann-Whitey U test Effect size'
Temporal parameters M (SD) U VA p r
Letter ‘k’ n=25 n=24"
Total number of silent pauses (count) 19.040 (4.485) 17.291 (4.591) 230.500 -1.394 0.163 0.19
Average length of silent pauses (s) 2.438 (0.941) 2.767 (1.031) 244.000 -1.120 0.263 0.16
Total length of silent pauses (s) 42.569 (6.571) 43.532 (5.688) 278.000 -0.440 0.660 0.06
Total number of hesitations (count) 2.000 (2.645) 1.708 (2.095) 281.500 -0.382 0.702 0.05
Average length of hesitations (s) 0.482 (0.448) 0.398 (0.382) 279.500 -0.421 0.674 0.06
Total length of hesitations (s) 1.350 (1.737) 1.137 (1.334) 283.000 -0.349 0.727 0.05
Total number of irrelevant utterances (count) 3.280 (4.559) 4.333 (3.818) 225.000 -1.517 0.129 0.22
Average length of irrelevant utterances (s) 1.021 (0.666) 1.242 (0.851) 274.000 -0.520 0.603 0.07
Total length of irrelevant utterances (s) 4.283 (7.149) 4.889 (3.609) 213.000 -1.742 0.082 0.25
Average word transition time (s) 4.505 (2.687) 5.159 (3.979) 230.000 -1.400 0.162 0.20
Letter ‘t’ n=25 n=25
Total number of silent pauses (count) 18.320 (4.269) 16.920 (5.259) 257.000 -1.081 0.280 0.15
Average length of silent pauses (s) 2.521 (0.879) 2.993 (1.542) 261.000 -0.999 0.318 0.14
Total length of silent pauses (s) 42.847 (5.770) 43.834 (5.666) 278.000 -0.669 0.503 0.07
Total number of hesitations (count) 1.480 (2.023) 1.720 (2.051) 290.000 -0.455 0.649 0.06
Average length of hesitations (s) 0.520 (0.509) 0.443 (0.348) 293.500 -0.375 0.708 0.05
Total length of hesitations (s) 1.128 (1.504) 1.069 (1.326) 312.500 0.000 1.000 0.00
Total number of irrelevant utterances (count) 3.240 (3.562) 3.720 (2.806) 256.500 -1.097 0.273 0.16
Average length of irrelevant utterances (s) 0.967 (0.580) 1.228 (0.616) 231.500 -1.573 0.116 0.21
Total length of irrelevant utterances (s) 4.154 (5.656) 4.825 (3.379) 234.500 -1.515 0.130 0.21
Average word transition time (s) 3.816 (1.739) 4.944 (3.045) 250.000 -1.213 0.225 0.17
Letter ‘a’ n=25 n=25
Total number of silent pauses (count) 13.920 (3.639) 14.120 (4.876) 298.000 -0.283 0.778 0.04
Average length of silent pauses (s) 3.636 (1.446) 3.853 (2.834) 268.000 -0.863 0.388 0.12
Total length of silent pauses (s) 45.881 (5.219) 43.042 (7.551) 235.00 -1.504 0.133 0.01
Total number of hesitations (count) 1.040 (1.059) 1.200 (1.354) 311.000 -0.031 0.976 0.00
Average length of hesitations (s) 0.640 (0.565) 0.462 (0.485) 263.500 -0.974 0.330 0.14
Total length of hesitations (s) 0.973 (1.316) 0.985 (1.254) 301.500 -0.219 0.827 0.03
Total number of irrelevant utterances (count) 3.480 (4.154) 4.560 (3.292) 214.500 -1.918 0.055 0.27
Average length of irrelevant utterances (s) 1.065 (0.701) 1.630 (0.725) 180.000 -2.572 0.010 0.36
Total length of irrelevant utterances (s) 4.637 (5.286) 7.160 (5.322) 204.000 -2.106 0.035 0.30
Average word transition time (s) 5.115 (2.651) 5.224 (2.839) 286.000 -0.514 0.607 0.07

M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive impairment.

Significant p-values (p < 0.05) are in bold.

*One fluency voice recording was unsuitable for transcription.
" Effect size is calculated as Pearson’s r, expressed in absolute value.
Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen, 1988).

Three temporal parameters (total number of silent pauses,

average length of silent pauses, and average word transition
time) consistently differed between the HC and MCI groups
in the case of the semantic (animal, food item, and action) flu-
ency tests. In the phonemic fluency tests, differences could
only be observed in the case of the ‘a’ phonemic fluency,
where the average and total lengths of irrelevant utterances
showed significant differences.

It should be noted that the direction of differences in the
silence-based parameters might seem inconsistent: the aver-
age lengths of the silent pauses and the average word
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transition times were longer in the MCI group, whereas
HC participants had a higher number of silent pauses in
the case of the semantic tasks. Since silent pauses were
defined as the absence of speech/sound regardless of length,
every detectable silent segment found in the recordings was
annotated as a silent pause, including even the brief transi-
tions between words. Therefore, the number of silent pauses
was increased by the number of words uttered by the partici-
pant. Since the HC group produced significantly more correct
words in semantic fluency tasks, the number of silent pauses
was also significantly higher in this group.
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Table 4. Descriptive measures and statistical comparison of the temporal parameters in the semantic fluency tasks

Semantic fluency tasks HC MCI Mann-Whitney U test Effect size'
Temporal parameters M (SD) U Z p r
Animals n=24" n=25
Total number of silent pauses (count) 25.666 (4.603) 21.760 (4.968) 156.000 -2.890 0.004 0.41
Average length of silent pauses (s) 1.437 (0.445) 1.883 (0.718) 179.000 -2.420 0.016 0.34
Total length of silent pauses (s) 35.489 (6.485) 37.982 (8.193) 229.000 -1.420 0.156 0.20
Total number of hesitations (count) 3.166 (2.371) 3.240 (3.620) 271.000 -0.586 0.558 0.08
Average length of hesitations (s) 0.564 (0.290) 0.460 (0.358) 237.500 1.255 0.209 0.18
Total length of hesitations (s) 2.195 (1.982) 2.139 (2.820) 264.500 -0.713 0.476 0.10
Total number of irrelevant utterances (count) 3.333 (3.595) 5.120 (4.850) 231.500 -1.380 0.167 0.20
Average length of irrelevant utterances (s) 1.019 (0.641) 1.146 (0.727) 277.000 -0.461 0.645 0.07
Total length of irrelevant utterances (s) 4.379 (6.116) 6.562 (5.647) 220.000 -1.603 0.109 0.23
Average word transition time (s) 2.021 (0.756) 2.852 (0.841) 128.000 -3.440 0.001 0.49
Food items n=25 n=25
Total number of silent pauses (count) 25.400 (6.062) 21.720 (5.926) 216.000 -1.877 0.061 0.26
Average length of silent pauses (s) 1.395 (0.504) 1.888 (0.937) 201.000 -2.163 0.031 0.30
Total length of silent pauses (s) 33.192 (6.464) 36.368 (7.200) 242.000 -1.368 0.171 0.19
Total number of hesitations (count) 2.600 (2.432) 2.600 (2.661) 307.000 -0.109 0913 0.02
Average length of hesitations (s) 0.444 (0.348) 0.494 (0.435) 306.000 -0.128 0.898 0.02
Total length of hesitations (s) 1.636 (1.544) 1.855 (2.015) 302.000 -0.207 0.836 0.03
Total number of irrelevant utterances (count) 3.600 (3.905) 4.360 (4.733) 294.000 -0.362 0.717 0.05
Average length of irrelevant utterances (s) 0.772 (0.581) 1.051 (1.028) 273.000 -0.770 0.441 0.11
Total length of irrelevant utterances (s) 3.716 (4.898) 5.210 (5.353) 259.000 -1.044 0.297 0.15
Average word transition time (s) 1.755 (0.770) 2.630 (1.356) 171.000 -2.746 0.006 0.40
Actions n=25 n=25
Total number of silent pauses (count) 24.240 (6.332) 19.080 (5.597) 184.000 -2.502 0.012 0.35
Average length of silent pauses (s) 1.600 (0.565) 2.373 (1.439) 192.000 -2.338 0.019 0.33
Total length of silent pauses (s) 35.898 (5.605) 38.524 (7.485) 230.000 -1.601 0.109 0.22
Total number of hesitations (count) 2.720 (2.282) 2.840 (2.511) 309.000 -0.069 0.945 0.01
Average length of hesitations (s) 0.547 (0.362) 0.554 (0.477) 292.000 -0.401 0.689 0.06
Total length of hesitations (s) 1.963 (1.741) 2.096 (2.290) 302.000 -0.205 0.837 0.03
Total number of irrelevant utterances (count) 4.040 (3.920) 4.160 (3.681) 307.500 -0.098 0.922 0.01
Average length of irrelevant utterances (s) 1.069 (0.626) 1.153 (0.760) 290.500 -0.427 0.669 0.06
Total length of irrelevant utterances (s) 4.302 (4.600) 5.188 (4.351) 273.500 -0.757 0.449 0.11
Average word transition time (s) 2.258 (0.996) 2.989 (1.199) 196.000 -2.260 0.024 0.32

M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive impairment.

Significant p-values (p < 0.05) are in bold.

*One fluency voice recording was unsuitable for transcription.
" Effect size is calculated as Pearson’s r, expressed in absolute value.
Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen, 1988).

The average word transition time parameter also had a

direct influence on the number of correct words. Since this
parameter contains every task-irrelevant segment, the
increase of the average word transition time by definition
led to the decrease of the number of recalled words, therefore
it could be viewed that these two parameters were somewhat
inversely proportional. The average length of silent pauses
parameter also affected the number of correctly recalled
words. However, this is less of a general phenomenon, since
the average length of silent pauses does not have a sole effect
on the number of recalled words — it can be also significantly
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influenced by other task-irrelevant contents of speech (e.g.,
loud hesitations).

The importance of silent pauses has also been highlighted
in the area of connected speech analysis: studies have shown
that compared to HC subjects, participants with MCI produce
more and longer silent pauses in their speech (Sluis et al.,
2020; Toth et al., 2018). Even though spontaneous speech
samples provide ecologically valid data, utilizing verbal flu-
ency tests for the analysis of speech can be even more advan-
tageous, as it can be combined with already standardized
qualitative approaches. To be able to compare the results
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Table 5. Descriptive measures and statistical comparison of the traditional fluency scores in the phonemic fluency tests

HC MCI
M (SD) Mann—Whitney U test Effect size"

Traditional fluency scores of the phonemic fluency tasks n=25 n=25 U V4 p r
Letter ‘k’

Correct words 13.68 (4.571)  11.52 (4.700) 227.000 -1.667  0.096 0.24

Errors 0.04 (0.200) 0.16 (0.374) 275.000 -1.400 0.162 0.20

Repetitions/perseverations 0.16 (0.374) 0.32 (0.690) 294.000 -0.537 0.591 0.08
Letter ‘t’

Correct words 12.88 (4.314)  10.76 (4.371)  233.000 -1.547 0.122 0.22

Errors 0.20 (0.408) 0.28 (0.614) 307.500 -0.139  0.889 0.02

Repetitions/perseverations 0.48 (0.653) 0.28 (0.678) 248.500 -1.577 0.115 0.22
Letter ‘a’

Correct words 8.68 (3.424) 7.32 (3.987) 240.000 -1.416  0.157 0.20

Errors 0.12 (0.332) 0.72 (1.208) 231.500 -2.106  0.035 0.30

Repetitions/perseverations 0.20 (0.577) 0.20 (0.408) 292.500  -0.609  0.542 0.09

M: mean; SD: standard deviation; HC: healthy control; MCI: mild cognitive impairment).

Significant p-values (p < 0.05) are in bold.

" Effect size calculated as Pearson’s r, expressed in absolute value. Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen, 1988).

Table 6. Descriptive measures and statistical comparison of the traditional fluency scores in the semantic fluency tests

HC MCI
M (SD) Mann—Whitney U test Effect size"

Traditional fluency scores of the semantic fluency tasks n=25 n=25 U Z P r
Animals

Correct words 20.54 (4.412)  14.76 (3.358) 99.000 -4.154  0.000 0.59

Errors 0.00 (0.000) 0.04 (0.200) 300.000  -1.000 0.317 0.14

Repetitions/perseverations 0.42 (0.584) 0.48 (0.963) 298.000 -0.343  0.731 0.05
Food items

Correct words 22.72 (6.073) 17.16 (5.249)  156.500  -3.034  0.002 0.43

Errors 0.04 (0.200) 0.04 (0.200) 312.500 0.000 1.000 0.00

Repetitions/perseverations 0.28 (0.458) 0.40 (0.764) 311.000 -0.038  0.970 0.01
Actions

Correct words 18.72 (6.175)  14.40 (4.916)  194.500 -2.293  0.022 0.32

Errors 0.04 (0.200) 0.04 (0.200) 312.500 0.000 1.000 0.00

Repetitions/perseverations 0.40 (0.764) 0.48 (0.918) 308.500  -0.098 0.922 0.01

M: mean; SD: standard deviation; HC: healthy control; MCIL: mild cognitive impairment.

Significant p-values (p < 0.05) are in bold.
" Effect size calculated as Pearson’s r, expressed in absolute value.

Strength of association: 0.1 to 0.3: small, 0.3 to 0.5: medium, 0.5 to 1.0: large (Cohen, 1988).

of these two types of study, it is important to note the differ-
ence between connected (spontaneous) speech and verbal flu-
ency performances. Compared to connected speech, where
pauses appear more randomly, in the fluency recordings
silent pauses (with varying lengths) appear between every
word, therefore producing a ‘word-pause-word-pause’-like
sequence. Because of these distinct characteristics, the num-
ber of silent pauses needs to be interpreted based on the meth-
odology of the specific study.

Most recent approaches to verbal fluency analysis usually
focus on the semantic content when evaluating fluency per-
formance (Troger et al., 2019; Woods et al., 2016). In

https://doi.org/10.1017/51355617721001454 Published online by Cambridge University Press

contrast, this work focused on the examination of more easily
quantifiable, objective variables; nevertheless, we were able
to achieve classification abilities comparable to those
reported in previous studies [AUC: 0.758 (Konig et al.,
2018), AUC: 0.77 (Chen et al., 2020)]. The significant clas-
sification ability of the silent pause parameters in our study
suggests that differentiation between HC and MCI patients’
semantic verbal fluency performance may be possible by
examining only the silent pauses in their speech. This can
be achieved, for example, by dividing the voice recordings
into voiced and unvoiced segments (Lopez-de-Ipina
et al., 2015).
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Table 7. Accuracy measures of those temporal parameters that significantly differed between the two groups based on the previous

comparative statistic tests

Accuracy measures

Fluency tasks  Temporal parameters p AUC 95% CI- 95% CI+  Sensitivity (%)  Specificity (%)
Letter ‘@’ Average length of irrelevant utterances (s) 0.010 0.712 0.569 0.855 80.0 52.0
Total length of irrelevant utterances (s) 0.035 0.674 0.523 0.824 80.0 52.0
Animals Total number of silent pauses (count) 0.004 0.740 0.598 0.882 76.0 50.0
Average length of silent pauses (s) 0.016 0.702 0.549 0-855 72.0 50.0
Average word transition time (s) 0.001 0.787 0.651 0.922 96.0 62.5
Food items Average length of silent pauses (s) 0.031 0.678 0.528 0.828 68.0 52.0
Average word transition time (s) 0.006 0.726 0.587 0.866 76.0 52.0
Actions Total number of silent pauses (count) 0.013 0.706 0.562 0.849 72.0 52.0
Average length of silent pauses (s) 0.019 0.693 0.544 0.841 72.0 52.0
Average word transition time (s) 0.024 0.686 0.536 0.837 80.0 52.0

AUC: area under the curve; CI: confidence interval.

Significant p-values (p < 0.05) indicate that the measure is significantly better than chance at discriminating individuals of the two groups.

Table 8. Accuracy measures of those traditional fluency measures that significantly differed between the two groups based on the previous

comparative statistic tests

Accuracy measures

Fluency tasks Traditional measures p AUC 95% CI- 95% CI+ Sensitivity (%) Specificity (%)
Letter ‘a’ Number of errors 0.116 0.630 0.474 0.785 36.0 88.0
Animals Number of correct words 0.000 0.842 0.734 0.949 100 56.0
Food items Number of correct words 0.002 0.750 0.616 0.884 76.0 64.0
Actions Number of correct words 0.022 0.689 0.543 0.834 68.0 52.0

AUC: area under the curve; CI: confidence interval.

Significant p-values (p < 0.05) indicate that the measure is significantly better than chance at discriminating individuals of the two groups.

Therefore, the described method would not require addi-
tional time-consuming steps, such as the manual transcription
and preparation of the answers, nor their identification as cor-
rect words, errors, repetitions, or clusters, as opposed to the
majority of fluency analysis techniques. This could make the
analysis procedure considerably faster and easier. However,
since this method does not provide any semantic information,
it can be viewed for example as an alternative, inverse
approach of the traditional analyses based on word count,
because instead of considering the number of recalled words,
this method focuses on the silent pauses between the words.

Our results confirmed the advantage of semantic fluency
in the detection of MCL In all three semantic fluency tests
(animal, food item, and action), the same three temporal
parameters (number of silent pauses, average length of silent
pauses, average word transition time), and one of the tradi-
tional measures (correct word count) showed differences
between the two groups. In contrast, regarding the phonemic
fluency tests, differences were only observed in the case of
the ‘a’ phonemic fluency, where two temporal parameters
(the average and total length of irrelevant utterances) and
one of the traditional measures (incorrect words) showed sig-
nificant difference. These results are consistent with those of
earlier studies, confirming that semantic fluency tasks may be
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more appropriate for detecting the cognitive changes that
occur in MCI (McDonnell et al., 2020; Nikolai et al.,
2018). Furthermore, when compared to other subtypes of
semantic fluency tests (plants, clothes, vehicles), the animal
fluency test has previously shown the highest sensitivity
(98.8%) in discriminating between HC and MCI participants
(Garcia-Herranz et al., 2020). In agreement with the results of
Garcia-Herranz et al., animal fluency achieved the best accu-
racy scores in the present study as well, not only with the tra-
ditional scoring method but also when examining the
temporal parameters.

Limitations

The significant age difference between the HC and MCI
groups may be noted as a limitation of this study, although
elderly age itself is a primary risk factor of MCI. However,
it has been also suggested that age has a significant influence
on verbal fluency abilities (Kempler, Teng, Dick, Taussig, &
Davis, 1998; Rodriguez-Aranda & Martinussen, 2006).
Thus, we cannot rule out the possibility that the age of the
participants might have affected their verbal fluency perfor-
mance regardless of their cognitive state. Nevertheless, this
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sample would closely represent the affected population in
case of a potential real-life application.

When interpreting the results, it is important to take into
consideration that because of the exploratory nature of this
pilot study, corrections for multiple comparisons were not
applied during the statistical analysis. As one of the main
goals of this study was to investigate and identify all temporal
fluency parameters that are able to differentiate between the
groups, confirmatory studies are required to further attest the
discriminatory ability and clinical utility of these significant
temporal parameters.

This study established the main characteristics of a novel
verbal fluency analysis, thus, further projects should be
focused on the collection of more and higher quality data
in order to define precise reference values for the amount
of silent pauses associated with MCI. In the future, this would
allow for the development of an automated tool for MCI
screening, based on the analysis of temporal speech parame-
ters. In addition, it remains to be determined whether combin-
ing this method of temporal parameter analysis with
automated clustering analysis (reported earlier, e.g., Konig
et al., 2018) could provide additional value with respect to
classification.

CONCLUSION

In this study, we offered an alternative method of fluency
analysis, and demonstrated the discriminatory ability of silent
pause parameters in the case of semantic verbal fluency tests.
Silence-related parameters can be extracted and calculated
from fluency voice recordings using computerized methods.
Therefore, this approach to fluency analysis seems to show
promising potential, and, building on these results, the next
step would be to construct an automated instrument capable
of identifying MCI patients based on their speech/silence
ratio. The development of remote, automated tools is espe-
cially important, seeing that the necessity and significance
of medical consultations based on telemedicine are becoming
common practice due to the current COVID-19 pandemic.
Considering the high burden on the healthcare systems, an
automated and cost-effective telemedical tool, based on the
recognition of silent segments of speech, would be a valuable
addition to practice, and it would likely improve the detection
rates of MCL
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