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Brief Summary

Cognitive diseases are currently very prevalent and represent an important personal, familial,
social and economic burden. With increasing life expectancy worldwide, an increase in the number
of people developing dementia is expected. There has been a growing interest in detecting
Alzheimer’s disease (AD) as soon as possible along its insidious evolution, long before the
establishment of a diagnosis of dementia. The correct identification of individuals with cognitive
complaints who already have an ongoing neurodegenerative process is desirable since it provides
chances for these individuals to undergo interventions including clinical trials with allegedly

neuroprotective drugs.

Neuropsychology is a non-invasive, relatively non-expensive ancillary diagnostic method used in
the characterisation of cognitive disorders. We explored the neuropsychological evaluation of Mild
Cognitive Impairment (MCI) patients and studied the kind of information it could provide, mainly

in terms of etiologic diagnosis and prognosis.

We dedicated our first efforts to trying to find the neuropsychological predictors of long-term (10
years) MCI stability, through a retrospective case-control study. We observed that some patients
with MCl do remain clinically and neuropsychologically stable for a decade and that better

performances at baseline in memory and non-verbalabstraction tests predict long-term stability.

We then investigated the capability of neuropsychological evaluation of MCI to suggest the
etiology of the syndrome. We found that neuropsychological tests have limited value in
distinguishing amnestic Mild Cognitive Impairment (aMCl) patients who have amyloid pathology

from those who suffer from non-amyloid disorders.

Finally, we studied the contribution of neuropsychological measures to predict time to conversion
to dementia in patients with MCl due to AD. In this condition, lower performance in a test of non-
verbal reasoning (Raven’s Coloured Progressive Matrices) was associated with shorter interval of
time to conversion to dementia. This test, that reveals little decline in the earlier phases of AD,

appears to convey important information concerning prognosis of MCl due to AD.

12
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Resumo Breve

As doencas cognitivas sdo actualmente muito prevalentes e onerosas do ponto de vista pessoal,
familiar, social e econdmico. Com o aumento da longevidade a nivel mundial, espera-se um
aumento da prevaléncia da deméncia. Tem havido um interesse crescente na detec¢do da Doenga
de Alzheimer (DA) tdo cedo quanto possivel ao longo da sua evolucgdo insidiosa, muito antes do
estabelecimento do diagndstico de deméncia. A identificacdo correcta dos individuos com queixas
cognitivas que tém um processo neurodegenerativo subjacente é desejdvel pois proporciona a
possibilidade de submissdo a intervencdes, incluindo ensaios clinicos com fdrmacos

potencialmente neuroprotectores.

A Neuropsicologia € um método complementar de diagndstico ndo invasivo, relativamente nao
dispendioso, usado na caracterizacdo das doencas cognitivas. Exploramos a avaliacdo
neuropsicoldgica dos individuos com Défice Cognitivo Ligeiro (DCL) e estuddmos as informacgdes

gue poderia providenciar, nomeadamente emtermos de diagndstico etioldgico e progndstico.

Dedicdmos os nossos primeiros esforcos a tentar encontrar os preditores neuropsicoldgicos da
estabilidade do DCL a longo prazo (10 anos), através de um estudo retrospectivo caso-controlo.
Constatamos que alguns doentes com DCL mantém-se, de facto, clinica e neuropsicologicamente
estaveis durante uma década. Por outro lado, melhor desempenho na avaliacdo neuropsicolégica
de base nos testes de memodria e de abstraccdo ndo-verbal associou-se a estabilidade a longo

prazo.

A seguir, investigdmos a capacidade da avaliagdo neuropsicolédgica de individuos com DCL sugerir a
etiologia da sindrome. Observdmos que os testes neuropsicolégicos tém um valor limitado na

distincdo entre doentes com DCL que tém patologia amildide e os que ndo a tém.

Por fim, estuddmos a contribuicdo das medidas neuropsicolégicas para estimar o tempo de
conversdo para deméncia em individuos com DCL devido a DA. Nesta condigdo, pior desempenho
num teste de raciocinio ndo verbal (Matrizes Coloridas Progressivas de Raven) associou-se a
menor tempo de conversdo para deméncia. Esta prova, que revela declinio ligeiro nas fases mais
precoces de DA, parece transmitir informacao importante no que diz respeito ao progndstico dos

doentescom DCL devido a DA.

13
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Summary

Although the diagnosis of Mild Cognitive Impairment (MCI) corresponds to a condition likely to
progress to dementia, essentially Alzheimer’s disease (AD), longitudinal studies have shown that
some patients may not convert to dementia and maintain the diagnosis of MCl even after many
years. The objective of our first study was to determine whether patients that maintain the
diagnosis of MCI in the long term (10 years) are really stable or just declining slowly, and to
identify clinical and neuropsychological characteristics associated with long-term stability. The
Cognitive Complaints Cohort (CCC) was searched for MCI cases who maintained that diagnosis for
at least 10 years. For each long-term-stable MCI patient, two MCI patients that converted to
dementia during follow-up, matched for age and education, were selected from the same
database. The baseline and last neuropsychological evaluations for long-term-stable MCl and
converter MCl were compared. Baseline neuropsychological predictors of long-term stability were
searched for. Long-term-stable MCI (n=22) and converter MCl (n=44) patients did not differ in
terms of gender distribution, education, age at first assessment and time between symptom onset
and first evaluation. Time of follow-up was on average 11 years for long-term-stable MCl and 3
years for converter MCl. The baseline and follow-up neuropsychological tests were not
significantly different in long-term-stable MCI patients, whereas a general decline was observed in
converter MCI patients. Higher scores on one memory test, the Word Delayed Total Recall, and on
the non-verbal abstraction test, Raven’s Coloured Progressive Matrices, at the baseline predicted
long-term (10 years) clinical stability. Some patients with MCI remain clinically and
neuropsychologically stable for a decade. Better performances at baseline in memory and non-

verbal abstraction tests predict long-term stability.

Patients diagnosed with amnestic Mild Cognitive Impairment (aMCl) are at high risk of progressing
to dementia. It became possible, through the use of biomarkers, to diagnose those patients with
aMCl who have AD. However, it is presently unfeasible that all patients undergo biomarker testing.
Since neuropsychological testing is required to make a formal diagnosis of aMClI, it would be
interesting if it could be used to predict the amyloid status of patients with aMCI. Participants
with aMCl, known amyloid status (AB+ or AB-) and a comprehensive neuropsychological

evaluation were selected from the CCC database for this study. Neuropsychological tests were

14
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compared in AB+ and AB- aMCI patients. A binary logistic regression analysis was conducted to
model the probability of being AB+. Of the 216 aMClI patients studied, 117 were AR+ and 99 were
AB-. AB+ aMCI patients performed worse on several memory tests, namely Word Total Recall,
Logical Memory Immediate and Delayed Free Recall, and Verbal Paired Associate Learning, as well
as on Trail Making Test B, an executive function test. In a binary logistic regression model, only
Logical Memory Delayed Free Recall retained significance, so that for each additional score point
in this test, the probability of being amyloid positive decreased by 30.6%. The resulting model
correctly classified 64.6% of the aMCl cases regarding their amyloid status. The neuropsychological
assessment remains an essential step to diagnose and characterise patients with aMCI, however,
neuropsychological tests have limited value to distinguish the aMCI patients who have amyloid

pathology from those who might sufferfrom other clinical conditions.

Diagnosis of AD confirmed by biomarkers allows the patient to make important life decisions.
However, doubt about the fleetness of symptoms progression and future cognitive decline
remains. Neuropsychological measures were extensively studied in prediction of time to
conversion to dementia for MCI patients in the absence of biomarker information. Similar
neuropsychological measures might also be useful to predict the progression to dementia in
patients with MCI due to AD. The objective of our third work was to study the contribution of
neuropsychological measures to predict time to conversion to dementia in patients with MCl due
to AD. Patients with MCI due to AD were enrolled from the CCC and the effect of
neuropsychological performance on time to conversion to dementia was analyzed. At baseline
converters scored lower than non-converters at measures of verbal initiative, non-verbal
reasoning and episodic memory. The test of non-verbal reasoning (Raven’s Coloured Progressive
Matrices) was the only statistically significant predictor in a multivariate Cox regression model. A
decrease of one standard deviation was associated with 29.0% of increase in the risk of conversion
to dementia. Approximately 50% of patients with more than one standard deviation below the
mean in the z score of that test had converted to dementia at 3 years of follow-up. In MCl due to
AD, lower performance in a test of non-verbal reasoning was associated with time to conversion
to dementia. This test, that reveals little decline in the earlier phases of AD, appears to convey

important information concerning conversion to dementia.
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Resumo

Apesar do diagndstico de Défice Cognitivo Ligeiro (DCL) corresponder a uma condi¢do com grande
probabilidade de progressdao para deméncia, sobretudo para Doenca de Alzheimer (DA), estudos
longitudinais tém mostrado que alguns doentes podem ndo converter para deméncia e manter o
diagndstico de DCL mesmo apds muitos anos. O objectivo do nosso primeiro estudo foi determinar
se doentes que mantém o diagndstico de DCL a longo prazo (10 anos) estdo realmente estaveis ou
apenas em declinio lento, e identificar as caracteristicas clinicas e neuropsicoldgicas que se
associam a estabilidade a longo prazo. Procuramos na Cognitive Complaints Cohort (CCC) casos de
MCI que mantiveram esse diagndstico ao longo de pelo menos uma década. Para cada doente
com DCL estavel a longo prazo, 2 individuos com DCL que converteram para deméncia durante o
seguimento, emparelhados para idade e escolaridade, foram seleccionados da mesma base de
dados. As avaliagcbes neuropsicoldgicas inicial e final foram comparadas entre os doentes com DCL
estavel a longo prazo e os DCL conversores. Os preditores neuropsicolégicos da estabilidade a
longo termo foram procurados na avaliagao inicial. Individuos com DCL estavel a longo prazo
(n=22) e DCL conversor (n=44) nao diferiram em termos de distribuicdo de género, escolaridade,
idade a data da primeira avaliacdo e intervalo entre inicio dos sintomas e primeira avaliacdo. O
tempo de seguimento foi em média de 11 anos para os DCL estaveis a longo prazo e 3 anos para
os DCL conversores. Os testes neuropsicolégicos iniciais e finais ndo foram significativamente
diferentes nos individuos com DCL estdvel a longo prazo. Observou-se um declinio global nos
doentes com DCL conversor. Resultados melhores num teste de memdria, Evocacdo de Palavras
apos Interferéncia - Total, e num teste de abstrac¢do ndo verbal, Matrizes Coloridas Progressivas
de Raven, previram estabilidade clinica a longo termo (10 anos). Alguns doentes com DCL
permanecem clinica e neuropsicologicamente estdveis ao longo de uma década. Melhores
desempenhos na avaliacdo inicial em provas de memodria e abstraccdo ndo verbal previram

estabilidade a longo termo.

Os doentes diagnosticados com Défice Cognitivo Ligeiro amnéstico (DCLa) tém risco aumentado de
progressao para deméncia. Tornou-se possivel, através do uso de biomarcadores, diagnosticar DA
em doentes com DCLa. No entanto, presentemente, é impraticavel submeter todos os doentes
com DClLa a pesquisa de biomarcadores. Tendo em conta que a avaliagdo neuropsicolégica é
necessdria para fazer um diagndstico formal de DCLa, seria interessante que pudesse ser usada

para predizer o estado amiléide dos doentes com DCla. Participantes com DClLa, estado amiléide

16
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conhecido (AB+ or AB-) e avaliagdo neuropsicoldgica abrangente foram seleccionados da base de
dados CCC para o segundo estudo. As provas neuropsicoldgicas iniciais dos doentes com DCLa AR+
e AB- foram comparadas. Uma andlise de regressao logistica bindria foi conduzida para modelar a
probabilidade de ser AB+. Dos 216 doentes com DCLa estudados, 117 eram AB+ e 99 eram ApB-. Os
doentes com DCLa AP+ tiveram piores desempenhos em vdrios testes de membdria,
nomeadamente Evocacdo de Palavras - Total, Memoria Légica - Evocacdo Imediata e apds
Interferéncia, e Aprendizagem de Pares Verbais Associados (Pares de Palavras), assim como no
Teste Trail B, um teste de funcdo executiva. Num modelo de regressao logistica binario, apenas a
Membéria Légica - Evocacdo apds Interferéncia reteve significado estatistico. Por cada ponto
adicional no resultado deste teste, a probabilidade de ser AR+ decresceu em 30.6%. O modelo
resultante classificou correctamente 64.6% dos casos DCLa no que diz respeito ao seu estado
amildide. A avaliacdo neuropsicoldgica permanece um passo fundamental no diagndstico e
caracterizacdo dos doentes com DCla; no entanto, os testes neuropsicolégicos tém um valor
limitado na distingdo entre individuos com DClLa com patologia amildide daqueles com outras

etiologias.

O diagndstico de DA confirmado por biomarcadores permite ao doente fazer decisGes importantes
acerca da sua vida. Contudo, permanecem duvidas acerca da rapidez da progressao dos sintomas
e do declinio cognitivo futuro. Medidas neuropsicolégicas foram extensamente estudadas na
previsdo do tempo até conversdo para deméncia em individuos com DCL na auséncia de
informacdo acerca de biomarcadores. Medidas neuropsicologicas semelhantes poderiam ser Gteis
na estimativa de tempo de progressdo para deméncia em doentes com DCL devido a DA. O
objectivo do nosso terceiro trabalho foi o de estudar a contribuicdo das medidas
neuropsicolégicas para estimar o tempo até conversdao para deméncia em doentes com DCL
devido a DA. Individuos com esta condicdo foram incluidos a partir da CCC e o efeito do
desempenho neuropsicoldogico numa avaliacdo inicial no tempo até conversdo para dem éncia foi

analisado.

Na avaliacdo inicial, os conversores tiveram pontuacdes mais baixas do que os ndo conversores em
medidas de iniciativa verbal, raciocinio ndo verbal e memaria episddica. A prova de raciocinio ndo
verbal (Matrizes Coloridas Progressivas de Raven) foi o Unico indicador com significado estatistico
num modelo de regressao multivariado de Cox. O decréscimo de um desvio-padrao associou-se a

29.0% de aumento de risco de conversdo para deméncia. Aproximadamente 50% dos doentes com
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mais de um desvio padrdao abaixo da média no z score desta prova haviam convertido para
deméncia aos 3 anos de seguimento. No DCL devido a DA, pior desempenho numa prova de
raciocinio ndo verbal associou-se ao tempo até conversdo para deméncia. Esta prova, que
apresenta declinio ligeiro nas fases mais precoces da DA, parece transmitir informacdo importante

no que diz respeito a conversao para deméncia.
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Foreword:

When | began my specific training in Neurology, Alzheimer’s disease (AD)/ Alzheimer’s type
Dementia was diagnosed according to DSM IV criteria. These criteria do not take into account
biomarkers. They are purely clinical. As we know today 1, many other etiologies can mimic
Alzheimer’s disease. | had the privilege to witness the advent of biomarkers. They are important
insofar as treatment (albeit “palliative”) for AD is different than that for non-Alzheimer dementias.
On the other hand, biomarkers help to establish prognosis. Besides, they are of utmost

importance in the recruitment for disease-specificclinical trials.

In addition, two decades ago, clinicians were not yet trying to diagnose prodromal states of
dementia. | was a young medical student when the term Mild Cognitive Impairment (MCl) entered
our everyday lexicon. Its classical definition is that of a transitional state between the cognitive
changes of aging and the earliest clinical features of dementia. It is characterised by impairment in
cognition that is not severe enough to imply dependence on others in the activities of daily living.
The importance of being able to identify this group of people is not just related to the need to
develop interventions which ameliorate individual suffering, but also to their representing a
population at high risk for developing dementia, especially AD, and are an appropriate target for

dementia prevention strategies 2.

Even though evidence in systematic reviews clearly shows that cholinesterase inhibitors do not
reduce progression to dementia 34, there are increasing numbers of trials showing the benefit of
non-pharmacological treatments in MCI (for example, Straubmeier et al., 2017 and McMaster et

al., 2020 56).

On the other hand, it is very relevant for patients and their families, when MCl is diagnosed, to be
able to know their prognosis over a short and longer time window. We believe that it is of the
utmost importance to be able to give patients and their families an estimate of probability of

progression and of the expected time to conversion to dementia.

After having written an article on AD (“Alzheimer’s disease: a clinical practice-oriented review”,
Alves et al., 2012 7), | realized how important it was to continue studying cognitive diseases, so

that | could more competently give advice to my patients and their families. Moreover, |
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considered the cognitive field a fascinating subject and noted it was an ever growing area, which

definitely contributed to its enticement.

Whereas in other centres throughout the world investigation on AD biomarkers was (and still is!)
evolving at a very fast pace, in my daily clinical practice, there was no easy access to the latest
scientific advances. Thus, | was in the long distance between the benchtop and the bedside, trying

to figure out how to make it shorter. Neuropsychology seemed a very interesting “shortcut”.

On this journey, we tried to somehow mirror the clinical experience and try to clarify the doubts

that arise during everyday practice.

The initial objective of this study was to assess the cognitive, neuropsychiatric, behavioural,
medical and personal history correlates of the conversion from mild cognitive impairment to
dementia, in a large cohort of patients with cognitive complaints. We had decided to concentrate
specifically on the occurrence of relevant medical, familial and social events during the period of
transition from MCI to dementia. However, there had to be deviations from the first idea. The
work in “the field” revealed that, due to their nature, the data that we intended to collect
retrospectively were subjected to information bias. To obviate that, we would need to create a
new, prospective cohort. However, the results obtained from such a new cohort would not be
available in a timely manner. According to the known natural history of MCl, in order to get robust

results, we would have to follow patients for at least three years.
Fortunately, | was given the opportunity to explore the Cognitive Complaints Cohort (CCC).

The CCC is a clinical cohort of non-demented patients referred for neuropsychological evaluation
during the period 1999-2015 with the objective of investigating cognitive stability or evolution to
dementia of patients with cognitive complaints, using a comprehensive neuropsychological
evaluation. This cohort was established in the setting of a prospective study conducted at the
Institute of Molecular Medicine, and approved by the local ethics committee 8. The CCC was
recruited by 3 referral centers for care of individuals presenting with cognitive complaints. CCCis a
large clinical cohort, many subjects have long follow-ups and all underwent detailed
neuropsychological testing. For the re-evaluations of the patients, it was possible to take

advantage of the fact that most patients have regular clinical consultations at the participating
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institutions to schedule the reassessments. The selection of patients to enter CCC was established

according to the following criteria:

Inclusion criteria: presence of cognitive complaints; referral to neuropsychological examination,
during the period 1999-2015, at Santa Maria’s Hospital, Coimbra University Hospital and a private
memory clinic in Lisbon-Memoclinica; fulfillment of criteria for MCl; for different study purposes,

distinct subsets of patients were used.

Exclusion criteria: presence of neurological (stroke, brain tumour, significant head trauma,
epilepsy) or psychiatric disorders that might induce cognitive deficits; presence of uncontrolled
systemic illness with cerebral impact (hypertension, metabolic, endocrine, toxic, and infectious
diseases); history of alcohol abuse or recurrent substance abuse or dependence; and presence of
dementia according to DSM-IV-TR ? or significant impairment on activities of daily living detected
by the presence of a score greater than or equal to 3 on the first part (items 1-8) of the BDRS 10 at

first evaluation.

It was a privilege to be able to explore such a wealth of well collected data. Using the CCC, our

endeavors turned instead to the study of the neuropsychological predictors of the evolution of

MCI.

We dedicated our first efforts to a topic that is relatively new. Not much is known about stable
MCI, namely about its neuropsychological predictors. The literature has been focusing on
predictors of conversion from MCI to dementia and has been overlooking a relatively common, at
least in community settings, outcome of MCI: MCl stability. The majority of published studies have
follow-up times of only up to 5 years. However, in the CCC cohort, there were at least 20
individuals who had been classified as MCI for the last 10 years and what we proposed to do was,
through a retrospective case-control study, to try to find the neuropsychological predictors of MClI

stability. That work constitutes the first study of the presentthesis.

We continued to explore the neuropsychological evaluation of MCI patients and on the kind of
information it could provide, mainly in terms of etiological diagnosis and prognosis. Patients
diagnosed with aMClI are at high risk of progressing to dementia. It became possible, through the
use of biomarkers, to diagnose those patients with aMCl who have AD. However, it is presently

unfeasible that all patients undergo biomarker testing. Our subsequent step was then to verify if
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neuropsychological evaluation could be used to predict amyloid status of patients with aMCI. That

work constitutes the second study of the presentthesis.

Diagnosis of AD confirmed by biomarkers allows the patient and family to make important life
decisions. However, doubts about the fleetness of symptoms progression and future cognitive
decline remains. Neuropsychological measures were extensively studied in prediction of time to
conversion to dementia for MCI patients in the absence of biomarker information. Similar
neuropsychological measures might also be useful to predict the progression to dementia in
patients with MCl due to AD. Our third stage was then to study the contribution of
neuropsychological measures to predict time to conversion to dementia in patients with MCl due

to AD. That work constitutes the last study of the presentthesis.

The three studies were done within the CCC.
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Introduction

After a brief narrative review covering the epidemiology of cognitive impairment, the history of
dementia and AD, the evolution of concepts and diagnostic criteria of AD and MCI as well as
neuropsychology, the questions which the presentthesis intends to answer are contextualised and

introduced.

-Epidemiology

Given the increased life expectancy of populations, there is an ever increasing number of
individuals afflicted with AD 11: in 2015, they were over 46 million worldwide, a number that is

expectedto increase to 131.5 million by 2050 12,

Moreover, dementia and cognitive impairment are the most important contributors, among
chronic diseases, to disability, dependence, and transition into residential and nursing home care
13, In 2017, in the European Union, among all diseases, dementia was one of the three commonest
causes of disability-adjusted life-years 14. As Plum put it more than 40 years ago, “(...) by any
standards, dementia represents an expanding epidemic of major proportions in terms of human

sufferingand societal expense” 1>,

Numerous international population-based studies have been conducted to document the
frequency of MCI, a condition of cognitive impairment beyond what is expected for age and
education, in which the individual maintains independence in activities of daily living. These
studies have estimated its prevalence to be between 15% and 20% in persons 60 years and older,
making it a common condition encountered by clinicians. The annual rate in which MCI progresses
to dementia varies between 8% and 15% per year, implying that it is an important condition to

identify and treat 26,

-A few notes on the history of Dementia and Alzheimer’s Disease

Loss of memory with advanced age has been recognized for more than 4000 years. One of the
earliest descriptions can be found in the Precepts of Ptah-hotep. Ptah-hotep was vizier under the

reign of Jedkare Isesi, the eighth king of ancient Egypt’s fifth Dynasty (c.2414-2375 BCE). In
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reference to aging, Ptah writes “(...) the progress of age changes into senility. Decay falls upon a

man and decline takes the place of youth (...) the mind decays, remembering not the day before

()" 17,

Senile dementia has thus been recognized in aged individuals for a very long time. However, on
account of the fact that it was considered an inexorable characteristic of aging, it was not object of
specific investigation until the 19th century. Only with Pinel and Esquirol’s classification of mental
disorders in the mid-19th century did senile dementia begin to be differentiated from other
dementias and start to be regarded as an abnormal form of aging. At the turn of the 20th century,
brain pathology underlying dementia was discovered. Alzheimer’s neuropathological findings in a
middle-aged woman who presented with a rapidly progressive dementia led many to believe that
a new disease had been discovered 11. Alzheimer’s chief and mentor, Emil Kraepelin, one of the
most influential psychiatrists of the 20th century, officially coined, in 1910, the term ‘“Alzheimer-
Krankheit” (Alzheimer’s disease), including it in the eighth edition of his authoritative Textbook of
Psychiatry. For the next several decades after the publication of “Alzheimer’s disease’ in the
mentioned textbook, the diagnosis of AD remained obscure and was rarely applied by those in the
medical profession. AD was considered a rare condition that affected young people exhibiting
presenile dementia; ‘““hardening of the blood vessels’” was considered the main pathology

responsible for cognitive decline in the last decades of life 18.

Emil Kraepelin created thus the category of Alzheimer’s disease to distinguish early-onset
“presenile” cases occurring before age 65 from the much more common senile dementia occurring
at later ages. It seems clear that he did not think it made sense to call a condition strongly
associated with aging a disease. The pathological processes of deterioration in old age that
produced senile dementia were understood to be on the extreme end of “normal,” while
dementia occurring at earlier ages, as in the case Alzheimer presented, even though ostensibly
associated with the same brain pathology and clinical symptoms, seemed to suggest some kind of
disease process. Kraepelin’s reluctance to view age-associated deterioration as a disease

apparently justifies his creation of this new entity 1°.

In the fifties, Kral noted through clinical observation that a decline in memory function commonly
occurred with, and was significantly correlated to, advancing age 2°. Kral described two types of

“senescent memory impairment”: “benign” and “malignant”. Malignant senescent memory
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impairment was characterised by the inability of the subject to recall events of the recent past,
whereby not only relatively unimportant data and parts of an experience but the experience as
such could not be recalled. He observed that the loss of recent memories led to two important
consequences: disorientation, at first in time and place and later also to disorientation as to
personal data; and secondly, because of the missing cues, to retrograde loss of remote memories.
He considered that malignant senescent memory impairment bore the essential characteristics of
the amnestic syndrome, namely, loss of recent memories, retrograde loss of remote memories,
disorientation and confabulation. He thought it was identical to the senile amnestic syndrome,
and formed the axis syndrome of what used to be called senile dementia and was then being
termed chronic brain syndrome associated with senile brain disease. Kral considered that “the
most important factor responsible for both the benign and the malignant type of senescent
memory dysfunction was the process of ageing per se as it affects the brain and perhaps also the

endocrine glands. The nature of this process still remains a mystery” 21,

The riddle began to be unravelled when Tomlison et al. examined brains from 50 elders with
proven dementia. Several features were assessed and compared with brains of non-dementedold
people. Statistically significant differences were found between the two groups in relation to
cortical atrophy, ventricular dilatation, senile plaque formation, Alzheimer's neurofibrillary
change, granulo-vacuolar degeneration and the quantity of cerebral softening (corresponding to
arteriosclerotic disease). Half of the demented subjects’ brains were considered to be cases of
senile dementia, showing the histological features of AD, the majority with no or small ischaemic

lesions 22,

Later, Plum noted that “(...) the condition [dementia] does not predominantly reflect the effects of
cerebral vascular disease as once was believed. Although widespread among the elderly, some
persons altogether escape the disorder, suggesting that the abnormal cell changes reflect a
specific inherited or acquired disease and not merely that the subject has outlived the

foreordained life expectancy of the human race” 1°.

Nowadays, the term AD is used to denominate a neurodegenerative disorder defined by neuronal
degeneration and death, associated with deposition of the amyloid f1-42 peptide (AB42) and the
hyperphosphorylated tau protein (p-tau), initially involving the hippocampus and other medial

temporal lobe structures, whose prevalence increases with age 23.
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-The evolution of Concepts and Diagnostic Criteria of Alzheimer’s Disease and Mild Cognitive

Impairment

The diagnosis of AD is, still nowadays, frequently based on the criteria of the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition ° and on the National Institute of Neurologic
and Communicative Disorders and Stroke — Alzheimer Disease and Related Disorders Association
(NINCDS-ADRDA) criteria 24. Both sets of criteria require deficits in memory and at least one other
cognitive domain. The DSM-IV-TR criteria additionally stipulate that there must be an impact of
the cognitive impairment on social function or activities of daily living (ADL). According to the
NINCDS-ADRDA criteria, the AD diagnosis is classified as definite (clinical diagnosis with histologic
confirmation), probable (typical clinical syndrome without histologic confirmation), or possible
(atypical clinical features but no alternative diagnosis apparent; no histologic confirmation). The
NINCDS-ADRDA criteria have been reasonably reliable for the diagnosis of probable AD: across
more than a dozen clinical-pathological studies, they have had a sensitivity of 81% and a specificity

of 70% 25,

However, using the DSM-IV-TR and the 1984 NINCDS-ADRDA recommendations, the AD cases are
discovered late in the disease process. It is known that neurodegenerative diseases begin years
before the onset of clinical symptoms, and that standard clinical practice may be insensitive in the
identification of early neurodegenerative states. Therefore, substantial efforts have been made to

create criteria for the clinical stage preceding dementia.

Even though the American Psychiatric Association's DSM-III 26 had already identified an early
dementia stage, it was in 1982 that the terms “questionable dementia” and “mild cognitive
decline” were introduced in the context of, respectively, the Clinical Dementia Rating (CDR) and
the Global Deterioration Scale (GDS), as dementia antecedents. The CDR 0.5 “questionable
dementia” stage encompasses both mild dementia and earlier antecedents 27. GDS stage 3
describes a predementia condition termed “mild cognitive decline” or, alternatively, beginning in

1988, “mild cognitive impairment” 28,

The construct of MCI thus emerged as a response to the need to identify an insidious clinical
condition that would reliably predict progression to dementia, particularly AD. The MCI concept
pinpoints the clinical parameters that define the earliest stages of the neurodegenerative process.

The narrow concept of MCl as an early form of AD has been broadened by research that
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established the existence of alternative forms of the condition that may presage other forms of

dementia 2°.

The first clinical criteria for MCl were proposed by a group of investigators from the Mayo Clinic in
1999. The diagnosis of MClI was made if the patient met the following criteria: (1) memory
complaint, (2) normal activities of daily living, (3) normal general cognitive function, (4) objective

deficits on tests of episodic memory, and (5) absence of dementia 3°.

The criteria were derived from the clinical observation of signs and cognitive performance in
patients in a longitudinal study of aging and dementia in the community. While the study was
designed to characterise normal ageing and dementia, it became apparent that a sizeable group of
subjects were ‘in between’ corresponding to the concept of MCI. This first definition of MCI was
clearly focused on memory problems that were regarded as prodromal signs of incipient AD (with
the purpose of early detection). Mild deficits in cognitive domains other than memory were
allowed, but isolated deficits in nonmemory domains were not taken into account. When these
criteria were investigated by other researchers and in other settings, it became clear that not all
forms of MCI evolved into AD and that other underlying causes could lead to MCI. Thus, a broader
conceptualization became necessary. To reach an agreement on the clinical characterisation of
MCI, an international consensus conference was held in 2003. The discussion at the first Key
Symposium on MCI led to the formulation of revised core criteria for this condition 31. The
expanded Mayo Clinic criteria for MCl were no longer focused on memory impairment alone but
were broadened to include impairment in other areas of cognitive functioning. MCI was
subclassified into amnestic and non-amnestic MCI, each category being subdivided into single and
multiple domain. In the international criteria, MCl became thus a construct with a wider scope,
referring to a clinical syndrome with multiple clinical profiles, due to a variety of etiologies. The
assumption was that the new criteria would identify all individuals at the intermediate cognition
stage and have a greater clinically utility. In the new definition, the initial purpose of MClI, directed
specifically towards the detection of underlying AD, was restricted to a subtype of MCI. The clinical
characterisation could integrate information coming from anamnesis as well as from laboratory
tests and neuroimaging, when available, to guide the clinician in formulating hypotheses regarding
the progression of the cognitive impairment syndromes. Specifically, the central idea was that,
through the combination of clinical subtypes and putative etiologies, it could be possible to predict

the type of dementia that patients with MCl would develop 3233,
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In 2004, Dubois and Albert proposed the concept of prodromal AD in order to identify patients
with AD, the most important subgroup of patients with MCI, before the appearance of the fully
developed clinical dementia syndrome 34. The core principle of the research criteria for the
diagnosis of AD later outlined 3> is based upon the presence of consistent episodic memory
disturbance which, together with biomarker positivity, recognizes AD across the full spectrum of
the clinical disease. To fulfill criteria for probable AD, a patient must meet the cornerstone clinical
criterion A and at least one of the supportive biomarker criteria. Criterion A specifies that there
must be an episodic memory deficit within test conditions of encoding specificity. The presence of
a biological footprint of the disease is established either by criterion B (structural imaging),
criterion C (cerebrospinal fluid), criterion D (molecular imaging), or criterion E (dominant mutation
within the immediate family). Apart from the incorporation of biomarkers, two relevant
innovations characterise the Dubois criteria: (1) the presence of a progressive memory deficit is
considered sufficient to make a diagnosis of AD, even if it is the patient’s only cognitive deficit; (2)

the declarative memory impairment necessary for diagnosis is of the “medial temporal lobe type”

36

In 2011, the NIA-AA workgroup published recommendations concerning the definition of the
preclinical stages of AD 37, the diagnosis of MCI due to AD (MCI-AD) 38 and the diagnosis of
dementia due to AD (AD dementia) 3°, which also integrated biomarker information. According to
the NIA-AA workgroup, the major AD biomarkers can be divided into those related to the process
of brain AB42 protein deposition, comprising low cerebrospinal fluid (CSF) AB42 and positive
positron emission tomography (PET) amyloid imaging, and those related to downstream neuronal
degeneration or injury: elevated CSF tau, both total tau (t-tau) and phosphorylated tau (p-tau);
decreased 18-fluorodeoxyglucose (FDG) uptake on PET in the temporo—parietal cortex; and
disproportionate atrophy on structural magnetic resonance imaging (MRI) in medial, basal and

lateral temporal lobe, and medial parietal cortex 3°.

According to the NIA-AA recommendations 38, in the presence of a change in cognition, objective
impairment in at least one cognitive domain, preservation of independence in ADL (and inherent
absence of dementia) and clinical syndrome suggestive of AD, an individual is classified as having
MCI due to AD-core clinical criteria in the following situations: (1) in the absence of information on
biomarkers; (2) in the event that they are uninformative (neither clearly negative nor positive); or

(3) in the case that their information is conflicting (e.g., low AB42 and normal tau in CSF). The
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“suggestive” clinical syndrome typically involves a prominent impairment in episodic memory, but
other patterns, such as visuo-spatial impairment, are also possible manifestations of underlying
AD pathology and, as such, are compatible with a diagnosis of MCI due to AD. A subject is
attributed a diagnosis of MCl due to AD with intermediate likelihood if he/she has one positive
biomarker either reflecting AB42 deposition or neuronal injury. A person is diagnosed with MCI-AD
with a high likelihood if both biomarkers are positive. An individual is attributed a diagnosis of MClI

unlikely due to AD if both biomarkers are negative.

In 2013, the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM -5) 40
was published. It provides a common framework for the diagnosis of neurocognitive disorders,
first by describing the main cognitive syndromes, and then by defining criteria to delineate specific
etiological subtypes of mild and major neurocognitive disorders. The DSM-5 allows the diagnosis
of neurocognitive disorders based on three syndromes: delirium, mild neurocognitive disorder and
major neurocognitive disorder. The category of mild neurocognitive disorder corresponds broadly
to the concept of mild cognitive impairment. Major neurocognitive disorder is mostly synonymous
with dementia, although the criteria have been modified so that impairments in learning and
memory are not necessary for diagnosis. DSM-5 describes criteria to delineate specific etiological
subtypes of mild and major neurocognitive disorder. The diagnostic certainty of an aetiological

diagnosis is based on clinical features and biomarkers, and can be qualified as probable or possible

41

Meanwhile, both the International Working Group (IWG) and the US National Institute on Aging—
Alzheimer’s Association (NIA-AA) contributed criteria for the diagnosis of AD that better defined
clinical phenotypes and integrated biomarkers into the diagnostic process, covering the full staging
of the disease. In 2014, a Position Paper was published that considered the strengths and
limitations of the IWG research diagnostic criteria and proposed advances to improve the
diagnostic framework. On the basis of these refinements, the diagnosis of AD could then be
simplified, requiring the presence of an appropriate clinical AD phenotype (typical or atypical) and
a pathophysiological biomarker consistent with the presence of Alzheimer’s pathology. They
proposed that downstream topographical biomarkers of the disease, such as volumetric MRI and
fluorodeoxyglucose PET (FDG-PET), might better serve in the measurement and monitoring of the
course of disease. The paper also elaborated on the specific diagnostic criteria for the preclinical

states of AD 42,
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In 2015, Vos et al. compared three sets of research criteria that were then available for diagnosis
of AD in subjects with mild cognitive impairment: the IWG-1, IWG-2, and NIA-AA criteria. Their
findings supported the use of the proposed research criteria to identify AD at the MCl stage. They
concluded that, in clinical settings, the use of both amyloid and neuronal injury markers as
proposed by the NIA-AA criteria offered the most accurate prognosis. They considered that, for
clinical trials, selection of subjects in the NIA-AA high Alzheimer’s disease likelihood group or the

IWG-2 prodromal Alzheimer’s disease group should be privileged 43.

In 2016, the ATN classification emerged. The NIA-AA Alzheimer’s Diagnostic Framework
introduced a new classification system in 2016 to apply validated biomarkers for the separation of
AD from non-AD causes of impaired cognition 44. The classification uses three types of biomarkers
to determine the extent of pathology typical of AD: A (amyloid, represented either by
cerebrospinal fluid (CSF) levels of AP42 or amyloid plague deposition in brain as seen with
amyloid-PET); T (tau, measured as the level of CSF p-tau or tangle-formation as seen by tau-PET);
and N (neurodegeneration as shown by structural MRI, CSF levels of t-tau, or brain metabolism as
measured with FDG-PET. The framework thereby characterises the AD spectrum by its biological
presentation and is independent of clinical assessment of cognitive status. It has been designated
the A/T/N classification system and individuals can be classified as positive (+) or negative (-) for

A, T and N, resulting in 8 possible A/T/N profiles 44 45,

In a study by Eckman et al., a positive “A” biomarker was represented in more than ninety percent
in both individuals with MCI that progressed to dementia and with AD dementia. However, a
positive “A” biomarker was also present in subjects with stable MCI (59%) and healthy controls
(39%), but to a lesser degree. Thus, there was a considerable amount of individuals in these two
groups with evidence of AD-like pathology 4. Other studies noted that the ATN scheme identified
different biomarker profiles with overlapping baseline features and patterns of cognitive decline.
The authors concluded then that the large number of profiles poses a challenge to the application

of the ATN scheme, since its prognostic value dependson clinical status 4>47,

In conclusion, the concept of MCI draws attention to cognitive changes not severe enough to
warrant the diagnosis of dementia. It covers different pathological entities and characterises
diverse populations of patients. It is thus an heterogenous entity. In order to make it possible to

identify the underlying pathological disorders before the affected patients meet the criteria of
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dementia, specific neuropsychological assessments, neuroimaging, and biomarkers have been
proposed. In particular, patients with AD, the most important subgroup of patients with MCI, can

already be identified before appearance of the fully developed clinical dementia syndrome 34

It may then be said that MCI can be conceptualized from two perspectives. One of them sees MCI
as a disease per se. The other considers MCI a stage in the continuum of AD. We believe that, if
aMCI as proposed by Petersen et al. (1999) 30 is considered, Alzheimer’s disease can be identified
at its early clinical phase. We used thus Petersen criteria in the first and the second study of the
present thesis. The third included participants according to the diagnostic criteria of MCI due to
AD, as proposed by the NIA-AA workgroups 38, because the focus of this last work was specifically

on amyloid positive MCl and because they offer the most accurate prognosis in clinical settings 43.

-Contribution of Neuropsychology

Neuropsychological assessment is essential in early detection, differential diagnosis, and

measuring progression of cognitive impairment 48,

Alzheimer described memory, visuo-spatial, and language problems in Auguste D., which were

brought to light in neuropsychological evaluation performed by himself 42,50,

Petersen’s MCI criteria (1999) included “normal general cognitive function” and “abnormal
memory for age” 30. They therefore imply the performance of a thorough neuropsychological

evaluation.

As mentioned before, the core principle of the research criteria for the diagn osis of AD proposed
by Dubois et al. (2007) 3> is based upon the presence of the amnestic syndrome of the medial
temporal type, defined by the Free and Cued Selective Recall Reminding Test 3. In these criteria,

once again, the importance of neuropsychology is highlighted.

The NIA-AA criteria for MCl due to AD 38 include objective impairment in at least one cognitive

domain, which obviously requires neuropsychological evaluation.

In DSM-5, whilst no definite neuropsychological cut-off scores are recommended, there is the
implication that neuropsychological testing can be very helpful in making the diagnosis of Mild

Neurocognitive Disorder 40.
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The IWG-2 specifies the criteria of “objective evidence of an amnestic syndrome of the
hippocampal type, based on significantly impaired performance on an episodic memory test with
established specificity for AD, such as cued recall with control of encoding test” for typical AD 42,

enhancing once more the value of neuropsychology in the early diagnosis of AD.

-Context of the present work

Detailed information on the progression process from MCI to dementia will be essential when
effective treatment that hinders development of the disease becomes available. Society as a
whole will also benefit since a 5-year delay in dementia onset has been estimated to reduce the

number of dementiacases by 57% 37.

It is groundbreaking to be able to make the diagnosis of AD with a great degree of precision pre
mortem. It is nonetheless very disappointing that such little progress has bee n made in more than
a century: what can now be detected through sophisticated methods are the same neurofibrillary
tangles and amyloid plaques described by Alois Alzheimer at the beginning of the twentieth

century 4.

Molecular and imaging biomarkers of AD represent a big step in the field of etiological diagnosis
and management of cognitive impairment. However, these are not widely available, are expensive
and some are invasive. Also, recent work shows that biomarkers are not sufficient to estimate

prognosis 4.

Therefore, it would be interesting to explore if neuropsychology, which is essential in diagnosis
and characterisation of patients, is non-invasive and relatively inexpensive, could give some
information on prognosis of MCI and also distinguish between amyloid positive and negative
subjects. On the other hand, in MCI patients who are known to be amyloid positive, it is of utmost
importance to be able to estimate time until conversion to dementia and neuropsychology could

also be usefulfor this purpose.
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Objectives/Aims

The global objective of the present study was to elucidate the neuropsychological predictors of the

evolution of MCI. For this purpose, three specific aims were pursued.

1. To determine the neuropsychological predictors of long-term MClI stability.

2. To compare the neuropsychological profiles in amyloid positive and amyloid negative MClI
patients.

3. To evaluate the contribution of neuropsychological assessment to the prognosis of amyloid

positive MCI patients.
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Introduction

Petersen et al. defined MCI as a condition characterised by subjective memory complaints,
objective memory deficit, normal general cognitive performance and maintained activities of daily
living 30. From the beginning, the concept of MCI assumed a continuum between normality and
Alzheimer’s disease and corresponded to a condition likely to progress to dementia, essentially AD
30, The rate of conversion of MCl to dementia in a clinical setting was about 10% to 15% per year
52, Nevertheless, it soon became apparent that a few patients, despite fulfilling MCI crite ria, might

not convert to dementiaand would maintain the diagnosis of MCl even after many years >3.

As research progressed, several MCl subtypes were recognized, confirming that aMCl, involving
predominant impairment of the memory domain, was indeed the subtype associated with a higher

conversion to AD 32,54,

Another important observation was that high rates of conversion to dementia were observed in
clinical studies, enrolling participants from clinical sources, such as memory clinics, whereas in
epidemiologic studies, recruiting participants in the community, the conversion rates were lower
35, A meta-analysis of 41 MCI studies found an adjusted annual progression rate to dementia from
MCI of 9.6% in clinical settings and of 4.9% in community settings °6. Thus, in epidemiological
studies, a substantial proportion of MCI patients does not convert to dementia and may even

revert to normal 57, which is not the case in a clinical setting.

An important aspect is that most studies about conversion or stability of MCI had relatively short
follow-up times, rarely exceeding 5 years 7. On the other hand, the annual rate of conversion of
aMCI patients to AD or dementia is not fixed along time 58. Visser and colleagues showed, in their
10 year-follow-up study in a clinical setting, that the annual conversion rate was highest during the
first years of follow-up and decreased at longer follow-up intervals. The annual conversion rate in
subjects with aMCl was on average 10.8% during the first 2 years of follow-up, 4.5% during the
next 3 years, and 2.5% during the last 5 years °8. It is thus possible that patients with MCI who
appear stable will still convert to dementia if the study follow-up is long enough. In a similar vein,
patients who sustain the diagnosis of MCI for long periods may show some cognitive decline,
albeit not severe enough to induce major changes in activities of daily living and justify the

diagnosis of dementia. Only studies with a long follow-up and detailed neuropsychological testing
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may reliably answer the question of whether there is a proportion of patients with MCl in a clinical
setting who really remain stable in the long term, or whether they are deemed to decline
cognitively at a faster or slower pace. This question has relevant implications for the prognosis of
patients suffering from MCI, and theoretical consequences for the pathophysiological meaning of

MCI.

In the present study, we identified, within the CCC, 22 patients that maintained the diagnosis of
MCI for at least 10 years. These stable patients we compared to a group of MCI patients that
converted earlier to dementia, matched for age and education, selected from the same cohort.
The objectives of this study were to ascertain whether patients that maintain the diagnosis of MClI
in the long term (10 years) are really stable or just declining slowly, and to identify clinical and

neuropsychological characteristics associated with long-term stability in MCI patients.

Materials and Methods

Participants

Participants were selected from the CCC. The study was conducted in accordance with the

Declaration of Helsinki, and was approved by the local ethics committee.

Inclusion Criteria

The inclusion criteria for the diagnosis of MCl were adapted from Petersen et al. (1999) 39,

corresponding to aMCl:

1) presence of memory complaints;

2) abnormal memory function, documented by impairment in the Logical Memory A test score.
Logical Memory is a subtest of the Bateria de Lisboa para Avaliacdo das Deméncias (BLAD) 5°.60
(see below). For the memory function to be considered abnormal, we set the cutoff score of the
Logical Memory A test at 1 SD below the age and education norms. Busse et al. 1, have observed,
in the cohort of the Leipzig Longitudinal Study of the Aged, that the “MCI modified, 1.0 SD” criteria
had the highest relative predictive power for the development of dementia. Interestingly, the
DSM-5 considers a rather broad range to establish the cognitive deficit in mild neurocognitive

disorder, namely 1-2 standard deviations below age- and education-adjusted norms 49,
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3) normal general cognitive function, determined by the Mini Mental State Examination (MMSE) 62

(see below) within normal values for the Portuguese population ©0.

4) no or a minimal impairment in activities of daily living determined by the Instrumental Activities
of Daily Living Scale (IADL) 3 (see below) - that is to say, no more than one item from the IADL

scale was altered.

Exclusion Criteria

a) Presence of neurological (stroke, brain tumor, significant head trauma, epilepsy) or psychiatric
disorders that may induce cognitive deficits; patients with major depression according to DSM-1V-
TR 2 or serious depressive symptoms, indicated by a score >10 in Geriatric Depression Scale short

version (GDS1s) 64-%6(see below);

b) Presence of systemic illness with cerebral impact (hypertension, metabolic, endocrine, toxic,

and infectious diseases);

c) History of alcohol abuse or recurrent substance abuse or dependence;

d) Medication use with possible cognitive side effects;

e) Seriously reduced vision or other sensory deficits likely to interfere with assessment;

f) Presence of dementia according to DSM-IV-TR?

The diagnosis of MCl was made by an experienced neurologist (AdeM), after multidisciplinary

consensus using all available information.

Long-term-stable MCI

Patients with long-term-stable MCI must fulfil the criteria for MCl during at least 10 years. The

database of the CCC was thoroughly searched for these patients.
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Converter MCI

For each long-term-stable MCI patient, the first two MCI patients that converted to dementia
during follow-up, matched for age and education, were selected in the CCC database, and

considered converter MCl.

Neuropsychologicalassessment

The comprehensive neuropsychological assessment at each CCC visit is carried out by the same
team of trained neuropsychologists, following a standard protocol and including several

instruments:

(1) Mini-Mental State Examination (MMSE) 2. The Portuguese version of the test adapted from
Guerreiro et al. ¥ was used. Normal values for the Portuguese population are >27 for more than

11 years of education and >22 for 11 or less years of education ©°,

(2) Battery of Lisbon for the Assessment of Dementia (BLAD) 5°.%0: The BLAD is a comprehensive
neuropsychological battery, including tests from the Wechsler Memory Scale (WMS) ©7, that
evaluates multiple cognitive domains and has been validated for the Portuguese population. For

the presentstudy, the following tests were considered:

a) Memory and Learning: Digit Span Forward from WMS, Word Delayed Total Recall (delayed
recall of 5 non-related words), Logical Memory (immediate and delayed free recall) from WMS,

Verbal Paired Associate Learning from WMS (difficult verbal pairs)

b) Attention and Executive Functions: Cancellation task (cross out 16 letters "A" from a set of 100
letters), Digit Span Backward from WMS, Clock Draw (free drawing of a clock), Verbal Semantic

Fluency (supermarketfood items)

c) Abstract Thought: Raven’s Coloured Progressive Matrices (Ab series), Interpretation of Proverbs

(3 proverbs)

d) Orientation: Temporal Orientation (7 questions concerning temporal orientation)

e) Calculation: Basic Written Calculation (4 additions, 2 subtractions,3 multiplications)
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f) Visuo-Constructional Abilities: Cube Copy (drawing of a cube with perspective)

(3) Geriatric Depression Scale (GDS) #4-%¢: For this study a short-form (15 items) of the self-report
instrument, in the Portuguese version, adapted from Barreto et al. 4, was used. The presence of

depression was defined as clinical history of depression or GDS 15>5 ©8,

(4) Instrumental Activities of Daily Living Scale (IADL) 3. The Portuguese version, done in the

context of the LADIS project, was used ©°,

Conversion to dementia

The diagnosis of dementia and AD was established according to the DSM-IV-TR criteria 2, in a

consensus meeting with the neurologist and the neuropsychologists.

Data Analysis

Neuropsychological test raw scores of the baseline and last assessments of all long-term-stable
MCI and matched converter MCI individuals were registered; z scores were also calculated
according to the age and education norms for the Portuguese population with the equation [z=(x-
mean)/SD]. In the case of converter MCl, the visit in which the diagnosis of dementia was made

was considered the last assessment.

Statistical analysis was performed using IBM SPSS Statistics 23 for Windows (2015 SPSS Inc., an

IBM Company, Chicago, IL) package. Significance was setat p<0.05.

Baseline demographic data were compared between groups using Student’s t test for numerical

variables and x2 Pearson testfor categorical data.

The baseline and follow-up neuropsychological test scores for long-term-stable MCl and converter
MCl were compared with One-Way ANOVA, followed by the post hoc Tukey’s test. Binomial
logistic regression was used to identify baseline neuropsychological predictors of long-term

stability.
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Results

Twenty-two patients in the CCC met criteria for long-term-stable MCI, representing 3.4% of the
655 MCI patients having follow-up in the CCC. Forty-four converter MCI patients matched in terms
of age and education at baseline were selected. As expected from the matching procedure, the
two groups did not differ in terms of age and education. Gender distribution was also similar. They
did not differ in terms of the presence of depression either. Time between symptom onset and
baseline was similar for both groups. Mean time to conversion to dementia was 3.5+2.1 (median
3.0, range 1-9) years in converter MCl patients, whereas the mean time of follow-up in the long-

term-stable MCI group was 11.1+2.1 (median 11.0, range 10-14) years (Table 1).

Table 1. Demographic and clinical characterisation

Long-term-stable MCI | Converter p-
(n=22) MCl Value
(n=44)

Gender, male/female, n (% female) 8/14 (63.6%) 16/28 63.6%) | 1.0002
Education, years, mean (SD) 9.5(5.0) 9.1(4.8) 0.780v
Age of first symptoms, years, mean (SD) 64.1(8.3) 64.5(7.5) 0.856P
TimevetweenSymptoms’onsetandfirstassessment,y,mean (SD) 1.6 (1.2) 1.9(1.2) 0.326°
Age at first evaluation, years, mean (SD) 65.5(8.3) 66.4(7.7) 0.678b
Presence of depression¢, n (%) 7(31.8%) 14 (31.8%) 1.0002
Duration of follow-up, years, mean (SD) 11.1(2.1) 3.5(2.1) <0.001"

2x* Pearson test.
® Independent samples Student’s t test.
¢ Presence of depression was defined as clinical history of depression or GDS>5.

Long-term-stable MCI patients maintained performances at the 10-year follow-up in all
neuropsychological tests (there were no significant differences between baseline and follow-up

scores) (Table 2).

On the contrary, converter MCI patients declined significantly between baseline and follow -up
assessments in the domains of attention and executive functions, abstract thought, temporal

orientation, calculation and visuo-constructional abilities. They already scored low at the baseline
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and did not further decline significantly in the domain of memory and learning, except for the

Word Delayed Total Recall test, in which a decay was noticed (Table 2).

Interestingly, at the baseline assessment, MCI patients that would remain stable for 10 years
already performed consistently better than MCI patients dee med to convert to dementia in all the
tests, the difference being statistically significant for Word Delayed Total Recall, Logical Memory -

Immediate Free Recall and Raven’s Progressive Matrices (Table 2).

In order to identify neuropsychological predictors of long-term stability, the neuropsychological
tests that were different at the baseline between long-term-stable MCI and converter MCI
patients, namely Word Delayed Total Recall, Logical Memory - Immediate Free Recall and Raven’s
Progressive Matrices, entered the binomial logistic regression model. Univariate logistic regression
analysis revealed a significant association between high scores at baseline in all three tests and
long-term MCI stability. In multivariate logistic regression analysis, only Word Delayed Total Recall
and Raven’s Progressive Matrices retained significance in the prediction of long-term stability. For
each additional score point in the Word Delayed Total Recall, the odds were 1.7, that is the
probability of long-term stability increased by 70%. Each additional point in the total score of

Raven’s Progressive Matrices increased the probability of long-term stability about 2 fold (Table 3).

Discussion

The present work confirms that some patients with MCl maintain this diagnosis in the long term
(10 years) and shows that they are able to maintain stable neuropsychological performance in all

studied cognitive domains for an extended period.

Proportion of long-term-stable MCl patients

It should be noted that only a small proportion of patients with MCI (3.4% of MCI patients with
follow-up in this cohort) maintain this diagnosis for a long period, presumably due to continual

conversion to dementia 52 as well as persistent attrition of the cohort over the 10-year follow-up.
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Baseline Follow-up

Cognitive domain Long-term stable | Converter Long-term stable | Converter

Neuropsychological tests mcCl McCl Mmci McCl
mean (SD) mean(SD) mean (SD) mean (SD)
z scores (SD) z scores (SD)

Memory and Learning

Digit span forward 5.27(0.83) 4.77(0.61) 5.43(1.08)# 4.24(1.22)
0.29 (0.97) -0.37 (0.75)

Word delayed total recall 9.80(1.51) 8.05(2.26) § 9.16(2.36)# 5.86(2.85)1
-0.70 (0.83) -1.54 (1.36)

Logical memory (immediate | 9.68(4.11) 6.07(3.97)§ 9.73(4.36)# 3.85(3.13)

free recall) -0.73 (1.42) -1.81(1.32)

Logical memory (delayed free | 6.80(4.84) 4.12(4.29) 9.14(4.92)# 1.48(1.96)

recall) -1.67 (1.48) -2.49 (1.06)

Difficult Verbal Paired | 3.67(2.78) 1.81(2.72) 4.35(3.20) # 1.16(2.08)

Associate Learning -1.21 (1.84) -1.83 (1.51)

Attention and executive

functions

Cancellationtask-total 4.63(1.49) 3.86(1.49) 3.92(1.55)# 2.74(1.24)1
0.16 (1.15) -0.25 (1.08)

Digit span backward 3.68(0.89) 3.50(0.73) 3.76(0.89) # 2.34(1.29)1
0.18 (1.15) -0.03 (0.97)

Clock draw 2.70(0.47) 2.49(0.74) 2.65(0.59)# 1.59(1.05)1
0.295 (0.86) -0.01 (1.56)

Verbal semantic fluency 16.23(3.82) 14.45(4.36) 16.82(4.25) # 9.93(4.43)1
0.00 (1.12) -0.49 (1.38)

Abstract Thought

Raven’s Progressive Matrices | 9.57(1.75) 7.31(2.33)§ 9.40(2.01)# 5.33(2.48)1
0.36 (1.03) -0.49 (1.26)

Interpretation of Proverbs 7.00(1.54) 6.75(1.77) 6.90(1.73)# 4.46(2.19)1
0.79 (1.25) 0.52 (1.14)

Orientation

Temporal orientation 6.55(0.83) 6.02(1.12) 6.15(1.14)# 3.00(2.49)1
-0.26 (1.16) -1.49 (2.01)

Calculation

Basic written calculation 13.41(1.00) 12.13(2.24) 11.74(2.85) # 9.46(4.27)1
0.38 (0.40) -0.06 (1.24)

Visuo-constructional abilities

Cube copy 2.53(0.70) 1.97(1.06) 2.41(0.71) # 1.39(1.23)
0.45 (1.21) -0.35 (1.79)

Raw test scores are shown. In the baseline neuropsychological results, z scores (SD) values are shown below raw scores.

Long-term-stable MCl, MCl patients that have maintained this diagnosis for 10 years or more. Converter MCl, MCl patients that converted to

dementia during follow-up.

§ Converter MCl patients had worse scores than long-term-stable MCl patients at baseline, One-Way ANOVA, Tukey post-hoc test
# Follow-up tests were not significantly different from baseline in long-term-stable MCl patients, One-Way ANOVA, Tukey post-hoc test
T Follow-up tests worsened from baseline in converter MCl patients, One-Way ANOVA, Tukey post-hoc test
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Table 3. Neuropsychological predictors of long-term MCl stability

Neuropsychological tests B SE Wald | Significance | Exp(B)

Word Delayed Total Recall 0.555| 0.236 | 5.516 | 0.019 1.743
Logical memory
(immediate free recall)

Raven’s Progressive Matrices | 0.665 | 0.205 | 10.459 | 0.001 1.944

Multivariate binary logistic regression analysis

0.091 | 0.108 | 0.718 | 0.397 1.096

Neuropsychological stability

This study is the first, to our knowledge, to ascertain real neuropsychological stability in all the
studied cognitive domains in stable MCI individuals over a decade of follow-up, that is, no
statistically significant worsening was observed in any cognitive domain. In contrast, the converter
MCI patients worsened in all neuropsychological tests, although this decline was not statistically
significant in tests where they already had a low score at baseline, namely Digit Span Forward,
Logical Memory-Free Immediate and Free Delayed Recall, Difficult Verbal Paired Associate

Learning and Cube Copy tests, presumably due to a floor effect.

Demographic factors as predictors

Several factors influencing conversion of MCl to dementia have been recognized; namely older age
58 and lower level of education increase the risk of conversion (79, but see 71). These factors were a
priori controlled for by the design of the study, matching long-term-stable with converter MClI
patients by educational level and age at baseline evaluation. Time between symptom onset and

baseline evaluation as well as distribution of genderwere also similar between groups.

Neuropsychologicaltests as predictors

The neuropsychological performance at baseline, in particular, tests measuring memory, were
shown to predict conversion of MCl to dementia in previous clinical studies with shorter follow -up
durations. Arnaiz et al. 33, in a clinical sample of 303 MCI patients, followed up for 3 years on
average, found that tests assessing learning and retention, specifically Wechsler Memory Scale-
Revised delayed recall, were the best predictors of conversion to AD. Sarazin et al. 1 observed, in
a cohort of 251 patients with MClI, followed for up to 3 years, that the most sensitive and specific
test for diagnosis of prodromal AD was the Free and Cued Selective Recall Reminding Test (FCSRT).

Silva et al. 72 found that four commonly used verbal memory tests were able to predict conversion
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to dementia in 272 non-demented patients reporting subjective cognitive complaints followed up
for 3 years on average, and that the California Verbal Learning Test had the highest predictive
value, which was not improved by adding other memory tests. In a similar vein, Gdmez-Tortosa et
al. 73 followed up for 48 months on average a cohort of 210 cases with aMCl. They were divided
into two groups according to their initial recognition memory discrimination index (DI) on the
Hopkins Verbal Learning Test, and conversion to dementia occurred significantly later in cases with
higher DI. A multivariate regression model revealed DI and delayed recall as the strongest
predictors of dementia. A recent systematic review 74, covering data for a total of 2365
participants with MCI at entry, followed over an average of 31 months, found that Paragraph
Delayed Recall, Word-list Free Delayed Recall with and without oriented encoding were tests with
excellent overall accuracy for predicting progression to Alzheimer’s type dementia. Another recent
literature review 7> found that the majority of studies on the prediction of conversion from MCl to

AD dementia report delayed recall as the most sensitive neuropsychological measure.

It is also clear that other tests, namely assessing attentional and executive capabilities, may also
contribute as predictors of MCI conversion to dementia. For instance, in a work by Tabert et al. 7,
with 148 MCI patients followed up for almost 4 years, the percent savings from immediate to
delayed recall on the Selective Reminding Test and the Wechsler Adult Intelligence Scale—Revised
Digit Symbol Test score were the strongest predictors of time to conversion. Also, in Fleisher et al.
study 77, 539 participants with aMCl were followed during 3 years and it was found that
progression from MCI to Alzheimer dementia was best determined by combining distinct cognitive
measures, namely Delayed Paragraph Recall Test, Delayed 10-Word List Recall, Symbol Digit
Modalities Test and the ADAS-cog total score. Along the same lines, Li et al. 78 studied 139 persons
patients with aMCI enrolled in the Alzheimer’s Disease Neuroimaging Initiative and observed that,
not only the baseline Memory composite (scores on the Logical Memory and Rey Auditory Verbal
Learning tests), but also the executive function composite (scores on the Trail Making, Digit
Symbol Substitution, and spontaneous Clock drawing tests) could predict progression to AD after 3

years.

In the present work, with 10 years of follow-up, although one verbal memory delayed measure at
baseline was associated with long-term stability, we found that performance on the Raven’s

Coloured Progressive Matrices at the baseline was the stronger neuropsychological predictor of
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long-term clinical stability. Remarkably, each additional point in the total score of the Raven’s
Progressive Matrices increased the probability of long-term stability about 2-fold. This finding may

assume clinical relevance, but must be replicated in other MCI cohorts.

Raven’s Coloured Progressive Matrices 72 are considered a non-verbal reasoning measure of
fluid-type intelligence 80, So-called fluid intelligence tests are most predictive of a general ability to
do well, calling for novel problem solving with simple visual or other kind of materials, reflecting
current ability for abstract thought and reasoning. Interestingly, Elias et al. 81, in a prospective
study in healthy community participants in the Framingham cohort, found poor abstract reasoning
to be a strong predictor of conversion to dementia in the long run. Fluid intelligence has been
considered a good proxy for cognitive reserve 82, Cognitive reserve is associated with lower risks
for incident dementia 8. As mentioned above, in our study, education, a variable known to
influence prevalence rates of dementia 4, was controlled for. However, other factors thought to
contribute to cognitive reserve, such as occupation, premorbid 1Q and mental activities, were not

specifically analyzed 83,

Presumed etiology of long-term-stable MCI

The question of whether these patients with long-term-stable MCI have AD pathology, that is,
suffer from prodromal AD from the start, or not, is rather intriguing. Nowadays, the AD biomarkers
are commonly used to detect AD pathology and diagnose prodromal AD or MCl due to AD (e. g. 38
42, 85, 86) However, when these patients were recruited, at least 10 years ago, AD biomarkers were

not routinely usedin clinical practice.

It is known that there can be a very long interval, about 20 years, between first development of
amyloid positivity and onset of dementia 8. Clinical cohort studies suggest that there may be very
subtle cognitive alterations that are detectable a decade or more before meeting criteria for MCl
37, Thus, the AD pathophysiological process may course with a long preclinical stage 37. Based on
our findings, we could speculate that the disorder might also be quiescent for long periods at the
MCI stage, at least in some patients. However, factors that might assume a neuroprotective role at

this stage are still largely unknown 88,

45



MEDICAL
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

UNIVERSIDADE

NOVA

DE LISBOA

s 20

40y

Limitations and strengths

This cohort is constituted mainly by memory clinic patients, and the findings may not apply to

clinical settings with different patient characteristics. The absence of data on Apolipoprotein E

genotype is a limitation of the present study, since the €4 allele is an important risk factor for AD

89,

The strengths of this study were that it was carried out in the context of a large cohort, in which
the patients underwent comprehensive standardized neuropsychological assessments, and along

term 10-year follow-up was achieved.

Conclusions

We found that, in some MCI patients, real neuropsychological stability over a decade is possible
and that long-term stability could be predicted on the basis of neuropsychological tests measuring

memory and non-verbal abstract reasoning.
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Introduction

As a consequence of the ageing of the population, the number of people affected by
neurodegenerative disorders, particularly AD, is increasing dramatically worldwide 12. There has
been a growing interest in detecting AD as soon as possible along its insidious evolution, before
the establishment of the diagnosis of dementia. The correct identification of patients with
memory complaints who already have an ongoing neurodegenerative process is desirable, since it
offers patients the possibility to make important life decisions, anticipate future care, start
symptomatic drugs, initiate cognitive rehabilitation therapy, and eventually participate in clinical
trials with putative neuroprotective drugs 23. About 2 decades ago, the Mayo Clinic group fostered
an important advance by proposing the concept of aMCl, as a condition characterised by
subjective memory complaints, objective memory deficit, normal general cognitive performance
and maintained activities of daily living 30. Patients diagnosed with aMCl in a clinical setting have
about 10% annual progression rate of conversion to dementia, usually AD >¢. However, aMCl can

have other etiologies °9, and some aMCl patients actually remain stable for as long as a decade °1.

In recent years, the use of biomarkers has allowed the possibility of diagnosing AD in vivo in
patients that present with aMCIl. These biomarkers are surrogates of pathological alterations in
the brain characteristic of AD 92, The presence of amyloid pathology may be determined by
measuring AB42 concentrations in the CSF, and/or quantifying brain deposits of AB with amyloid

PET %,

In spite of the remarkable advance that the development of biomarkers represents both from an
investigational and a clinical perspective, and the rapid acceptance of these methods by reference
centres 23, the generalization of biomarker testing to other settings has been more sluggish.
Several explanations might be advanced, for instance lumbar puncture, used to obtain CSF, is an
invasive procedure with contra-indications and side effects, and amyloid PET is quite expensive
and not widely available. Bearing this in mind, it would be important to discover non-invasive and
affordable methods that could discriminate between amyloid positive (AB+) and amyloid negative

(AB-) aMClI patients.

Since neuropsychological testing is not invasive and is required to make a formal diagnosis of
aMCl, it would be very interesting if it could be used to identify the amyloid status in patients with

aMCl 24, In other words, AB+ aMCI patients might have a particular neuropsychological profile that
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would distinguish them from AB- aMCI patients. Several studies compared global cognition,
attention, executive functions, visuospatial functions, language, visual memory and verbal

memory between AR+ and AB- aMCl patients.

Since patients with AD typically have deficits in episodic memory as a consequence of early and
marked hippocampal neurodegeneration, it is not surprising that AB+ aMCI patients consistently
presented more prominent episodic memory deficits than AB- aMCl patients in several different
studies 94101, However, regarding attention and executive functions, different studies produced
less consistent results, possibly depending on the kind of test used to measure these abilities as
well as the number of patients recruited. In the Alzheimer's Disease Neuroimaging Initiative (ADNI)
cohort, AB+ aMCI patients took longer to complete the Trail Making Tests A and B, when
compared to AB- aMCI patients °6. These results were not corroborated by other studies, that did
not observe significant differences in the Trail Making Tests A and B between AB+ and AB- aMClI
patients 92100101 Regarding another commonly used executive test, Verbal Semantic Fluency, AR+

aMCI patients had worse performance in one study % but not in other work 5.

We now reappraise neuropsychological testing in AB+and AB- aMCl patients, particularly
concerning performances on executive tests, as well as cognitive domains so far scarcely analysed,
like abstract reasoning and calculation. Furthermore, we aim to test whether a statistical model
involving different neuropsychological variables could be valuable to help identify the amyloid

status of patients with aMClI.
Materials and methods
Participants

Participants belong to the CCC. The study was approved by the local ethics committee and
conducted according to the declaration of Helsinki. Informed consent was obtained from patients

before any procedure.
Inclusion criteria

1) Diagnosis of aMCl. The criteria for the diagnosis of aMCl were adapted from Petersen et

al.(1999) 30:

a) Presence of memory complaints;
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b) Abnormal memory function, documented by impairment in the Logical Memory A test
Immediate Free Recall score. Logical Memory is a subtest of the Bateria de Lisboa para Avaliagao
das Demeéncias (BLAD) >°%0 (see below). For the memory function to be considered abnormal, we
set the cut-off score of the Logical Memory A Immediate Free Recall at 1 SD below the age and
education norms. Busse et al. (2006) 61 observed, in the cohort of the Leipzig Longitudinal Study of
the Aged, that the “MCI modified, 1.0 SD” criteria had the highest relative predictive power for the

development of dementia;

c) Normal general cognitive function, determined by the Mini-Mental State Examination (MMSE) 62

(see below) within normal values for the Portuguese population ©9;

d) No or a minimal impairment in activities of daily living, determined by the Instrumental
Activities of Daily Living Scale (IADL) ©3 (see below), that is to say, no more than one item from the

IADL scale was altered.

2) Known amyloid status, determined by CSF AB42 measurement and/or cortical uptake of the

Pittsburgh compound B (11C-PiB) on the PET scan.
Exclusion criteria

1) Presence of neurological (stroke, brain tumor, significant head trauma, epilepsy) or psychiatric
disorders that may induce cognitive deficits; patients with major depression according to DSM-1V-
TR 2 or serious depressive symptoms, indicated by a score > 20 in Geriatric Depression Scale

(GDS30) or >10 in Geriatric Depression Scale short version (GDS15) 4% (see below);

2) Presence of systemic illness with cerebral impact (uncontrolled hypertension, metabolic,

endocrine, toxic, and infectious diseases);

3) History of alcohol abuse or recurrent substance abuse or dependence;

4) Medication use with possible cognitive side effects;

5) Seriously reduced vision or other sensory deficits likely to interfere with assessment;
6) Presence of dementia according to DSM-IV-TR?;

7) Interval between neuropsychological assessment and knowledge of amyloid status longer than

12 months.
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The diagnosis of aMCl was made by an experienced neurologist, after multidisciplinary consensus
using all available clinical, neuropsychological and neuroimaging information available from the

diagnostic workup.
Biomarker analysis

The amyloid biomarker status was based on cerebrospinal fluid AB42 level and/or cortical uptake
on 11C-PiB PET, and the aMClI patients were classified as AB+ or AB-. Both sources of amyloid status
were considered interchangeable since a high agreement between AB42 concentrations in the CSF

and amyloid PET scan results in aMCl and AD disease patients was confirmed by previous studies

102

The levels of AB42 were measured using commercially available enzyme-linked immunosorbent
assays (INNOTEST® B-amyloid (1-42); Innogenetics, Ghent, Belgium) according to the established
protocols on participating centers 193, The levels of AB40 and the ratio AB42 over AB40 were not
determined routinely, only in exceptional cases where a discrepancy was found between CSF and
PET scan amyloid results. The expected site assay variability present in multicenter studies was

acknowledged 194 and positivity was determined using locally available cut-off values.

The cortical uptake with 11C-PiB PET was performed only in one center using the same scanner
(Philips PET/CT Gemini GXL), preceded by a low-dose brain computed tomography (CT) acquisition
for attenuation correction (Institute of Nuclear Science Applied to Health, ICNAS, University of
Coimbra). 11C-PiB PET images were classified as amyloid positive or negative based on a support
vector machines (SVM) local classifier, which uses the voxelwise brain grey matter standardized

uptake value ratio (SUVR) and the cerebellar grey matter as reference region 105,
Neuropsychologicalassessment

The comprehensive neuropsychological assessment was carried out by the same team of trained
neuropsychologists, following a standard protocol and comprised the following instruments and

scales:

*Mini-Mental State Examination (MMSE ©0 62) - the MMSE is a brief screening instrument to assess
global cognitive performance. The Portuguese version was applied, and normative data were >27
for individuals with more than 11 years of education and >22 for patients with 11 or less years of
education 0,
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eBattery of Lisbon for the Assessment of Dementia (BLAD >%.60) — the BLAD is a comprehensive

neuropsychological battery that includes some tests from the Wechsler

Memory Scale (WMS ©7) and has been validated for the Portuguese population. This battery
includes tests for the following cognitive domains: immediate memory (Digit Span forward); verbal
memory (Word Total Recall, a 5-words 1-minute delayed recall test, in which the total score
contemplates spontaneous and cued recall); logical memory (Logical Memory Immediate and
Delayed Recall; for this test, the score is based on the combination of 7 literal elements and 17
meaningful elements); associate learning (Verbal Paired Associate Learning); general information
(General Information, consisting of 20 questions on subjects of general knowledge); working
memory (Digit Span backward); attention (Cancellation Task); verbal initiative (Verbal Semantic
Fluency); verbal and non-verbal abstraction (Raven's Coloured Progressive Matrices — Ab series-B

and Interpretation of Proverbs); calculation (Basic Written Calculation);

eTrail Making Test (part A and part B 106 107) — the TMT task measures sustained attention,
visuomotor processing speed (part A), visuospatial working memory and cognitive flexibility (part
B). The part A consists of 25 circles numbered 1 — 25 distributed over a sheet of paper and the
patient should draw lines to connect the numbers in ascending order. In Part B there are 25 circles
as well, but the circles include both numbers (1 — 13) and letters (A — M) and the patient has to
draw lines to connect them all in an ascending pattern with the added task of alternating between

the numbersand letters (i.e., 1-A-2-B-3-C, etc.).

e Geriatric Depression Rating Scale (GDS 64-%6) - the GDS is a self-report instrument used specifically
to identify depressive symptomatology in the elderly. For this study the Portuguese versions of

GDS30 and GDS15 were used 64,

*Blessed Dementia Rating Scale is a clinical rating scale with 22 items that measures changes in
performance of everyday activities (8 items), self-care habits (3 items), and changes in personality,
interests, and drives (11 items). Ratings are based on information from relatives or friends and

concern behaviour over the preceding 6 months 10108,

For the present work, the neuropsychological assessment closest to the knowledge of the amy loid

status was used.
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Statistical analysis

For comparison of demographic and clinical data between groups the independent samples 2-
tailed Student’s t test and the X2 Pearson test were used, for numerical and nominal data,
respectively. The neuropsychological assessments were standardized according to the age and
education norms for the Portuguese population 5260 and z scores were calculated with the
equation [z=(x-mean)/SD]. The comparison of neuropsychological results between AB+ and AB-
groups was done with the independent samples 2-tailed Student’s t test. To check if the
differences that were found between groups still held when controlling for the MMSE score, a
general linear model analysis was performed considering the MMSE as a covariate. A binary
logistic regression analysis was conducted to assess if the neuropsychological tests scores could
predict amyloid positivity. The tests that were significantly different between the groups entered
the model. The Enter method (that is, standard regression analysis) was used. Receiver Operating
Characteristic (ROC) curves were obtained when appropriate. In order to control for an eventual
redundancy in the tests comprising the neuropsychological battery, a principal component analysis

using a rotated varimax component matrix was performed.

Statistical analyses were performed using IBM SPSS Statistics 25 for Windows (2017 SPSS Inc., an

IBM Company) package. A probability value of <0.05 was assumed to be statistically significant.
Results

A total of 216 patients with aMCl were enrolled from the CCC for the present study, of whom 117
were AB+ and 99 were AB-. The two groups did not differ in terms of gender, education, age of
first symptoms and time between symptoms onset and neuropsychological assessment. They did
not differ in terms of the presence of depressive symptoms either. Regarding the Blessed

Dementia Rating Scale scores, aMCl patients in the two groups had similar global levels of severity

(Table 1).

Neuropsychological evaluation (Table 2) showed that AR+ aMCI patients had lower MMSE scores
than AB- aMCl patients. MMSE values for AB+ aMCl patients were 26.8 (SD 2.2, skewness -0.3,
range 23-30) and for AB- aMCl patients 27.6 (SD 2.0, skewness -0.7, range 23-30).
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Table 1. Demographic and clinical characterisation

AB+aMcl AB-aMcl p

(n=117) (n=99) value
Gender, male/female, n (% female) 53/64,(54.7%) | 41/58,(58%) | 0.6762
Education, years, mean (SD) 10.6(4.6) 9.8 (4.7) 0.204b
Age of first symptoms, years, mean (SD) 64.0(7.7) 61.8(10.8) | 0.117°
TimevetweensSymptoms’onsetansneuropsychologicalassessment,y,mean(SD) | 2.8 (2.5) 3.3(2.9) 0.163b
Presence of depressive symptoms ¢,% 34.5% 42.3% 0.3172
Blessed Dementia Rating Scale, mean (SD) 3.3(2.0) 3.5(2.0) 0.439b

a. X ?Pearson’s test
b. Independent samples Student’s t test
c. Presence of depressive symptoms was considered when GDS ;s score was higher than 5 points or when GDS3, score was higher than 10 points

AB+ aMClI patients also performed worse on several memory tests, namely the Word Total Recall,
Logical Memory Immediate and Delayed Free Recall and Verbal Paired Associate Learning, as
compared to AB- aMCI patients. To check if the differences on these memory tests still held when
the groups were controlled for the MMSE, a general linear model analysis was performed
considering the distinct neuropsychological tests as dependent variables and the MMSE score as a
covariate. AB+ aMClI patients essentially kept poorer performances in the same tests as previously
found: Word Total Recall (F=6.181, p=0.003); Logical Memory, Immediate Free Recall (F=3.077,
p=0.052); Logical Memory, Delayed Free Recall (F=7.651, p=0.001); and Verbal Paired Associate
Learning (F=12.281, p<0.001).

Regarding attention and executive functions, there were no differences in the Digit Span
Backward, in the Trail Making Test A, in the Cancellation Task nor in the Verbal Semantic Fluency
test, however, the AB+ aMCl patients performed significantly worse on the Trail Making Test B.
Using the Trail Making Test B over A ratio, we found no significant differences between groups
(p=0.905). For the AB+ aMCI patients, the mean value of the ratio was 2.9 (SD 1.1), for the AB-
aMCI patients the mean was 2.9 (SD 1.2). Finally, there were no statistically significant differences

betweenthe two groups in the abstract reasoning and calculation domains.

A binary logistic regression model was built in order to predict the amyloid status of aMCl patients.
In general, the tests in which there were significant differences between the two groups entered
the model. Regarding Logical Memory, the Delayed Free Recall measure was chosen. Only Logical

Memory Delayed Free Recall retained statistical significance to determine the amyloid status of
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aMCI patients. For each additional score point in the Logical Memory Delayed Free Recall z score,

the odds ratio was 0.694, that is, the probability of being AB+ decreased by 30.6% (Table 3).

The resulting model correctly classified 64.6% of the aMCI cases regarding their amyloid status.
Only 17.7% of the variation in the dependent variable (amyloid positivity) was explained by the
present model. The ability of Logical Memory Delayed Free Recall (z score) to discriminate
between AB+ and AB- aMClI patients was checked with a ROC curve, producing an Area Under the

Curve (AUC) of 0.633.

Since there might be some redundancy in the tests comprising the neuropsychological battery that
was applied, a principal component analysis was performed. The rotated varimax component
matrix pointed out 5 factors. Of these, there were significant differences between AB+ and AB-
aMCl patients in factor 2 (Memory factor, comprising Logical Memory Immediate Free Recall,
Logical Memory Delayed Free Recall, and Verbal Paired Associate Learning; F=9.546, p=0.003) and
in factor 3 (Executive factor, comprising Trail Making Test A time and Trail Making Test B, as well
as Raven’s Coloured Progressive Matrices, F=5.881, p=0.017). These results confirmed that AB+

and AB- aMCl patients essentially differed in memory test as well as in executive tests.
Discussion

The main finding of the present study is that aMCI patients who are AP+ have more deficits in
general cognition, memory tests and executive functions as compared to AB- aMCl patients. A few

points deserve consideration.
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Table 2. Neuropsychological tests in AB+ and AB- aMCl patients (n=216)

Cognitive domain AB+aMCl | AB-aMCl p value
Neuropsychological tests (n=117) (n=99)
Mean (SD) | Mean (SD)
Global cognition
Mini-Mental State Examination (MMSE) 26.8(2.2) 27.6(2.0) 0.004
Memory and Learning
Digit Span Forward, z score 0.51(1.27) | 0.24(1.19) | 0.122
Word TotalRecall, zscore -1.70(1.53) | -0.96 (1.27) | <0.001
Logical Memory, Immediate Free Recall, zscore | -1.49(1.73)| -0.89 (1.25) | 0.005
Logical Memory, Delayed Free Recall, z score -2.21(1.23) | -1.61 (1.25) | 0.001
Verbal Paired Associate Learning, z score -1.56 (1.40) | -0.71 (1.31) | <0.001
General Information, z score -0.34 (1.34) | -0.39(1.26) | 0.811
Digit Span Backward, zscore -0.06 (1.14) | -0.04 (1.26) | 0.886
Trail Making Test A time, z score -1.49 (2.19) | -0.91 (1.70) | 0.054
Trail Making Test B time, z score -2.57(2.54) | -1.50 (2.28) | 0.005
Cancellation Task, total, zscore 0.02(1.29) | 0.33(1.64) | 0.139
Verbal Semantic Fluency, zscore -0.56 (1.67) | -0.44 (1.39) | 0.610
Abstract Reasoning
Raven’s Coloured Progressive Matrices, zscore | -0.39 (1.42) | -0.12(1.30) | 0.151
Interpretation of Proverbs, z score 0.53(1.62) | 0.84(1.56) | 0.162
Calculation
Basic Written Calculation, z score -0.37(1.25) | -0.34 (1.46) | 0.917
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Table 3. Neuropsychological predictors of amyloid positivity

Neuropsychological tests B SE Wald | pvalue | Exp(B) | 95% C.I. for Exp(B)

Lower Upper

Word Total Recall, zscore -0.240 | 0.146| 2.709 | 0.100 0.787 | 0.592 1.047

Logical Memory Delayed Free Recall, zscore | -0.366 | 0.172 | 4.549 | 0.033 0.694 | 0.495 0.971

Verbal Paired Associate Learning, zscore | -0.085 | 0.155 | 0.301 | 0.583 0.918 | 0.677 1.245

Trail Making Test B time, z score -0.114 | 0.080 | 2.058 | 0.151 0.892 | 0.763 1.043

Binary logistic regression analysis

In the first place, we confirmed that AB+ aMCl patients are more impaired in memory tests as
compared to AB- aMCI patients, as previously reported by several studies 24101, As patients with
aMCI patients who are AB+ suffer from AD 92, the observed memory deficits correspond to the
typical cognitive profile of AD, reflecting the hippocampal atrophy observed early in the course of
the disease. In the present work, Word Total Recall, Logical Memory (Immediate and Delayed Free

Recall) and Verbal Paired Associate Learning were significantly worse in AB+ aMCl patients.

The second point is that we contributed to clarify the controversial issue whether AB+ aMClI
patients are more affected in executive functions and attention, which has not been clear from
previous studies. We showed that tests assessing executive functions, namely the Trail Making
Test B, were more affected in AB+ aMCI patients. It could be argued that the worse performance
on the Trail Making Test part B in AB+ when compared to AB- aMCI patients was due to
impairment of visuospatial abilities in the first group. However, the observation that there were
no significant differences between the AB+ and AB- aMCI patients in the Raven’s Coloured
Progressive Matrices, a visuospatially very demanding test, suggests that differences in the Trail
Making Test part B are probably not attributable to visuospatial difficulties. The results concerning
Trail Making Tests are in accordance with Kandel et al. (2015) %6 reports in aMCl patients from the
ADNI cohort, who also found significantly worse results in both Trail Making Tests in AB+ patients.
We did not observe differences in Verbal Semantic Fluency between AB+ and AB- aMClI patients,
similarly as reported in a previous study 100, However, another study found that Verbal Semantic
Fluency was significantly worse in AB+ as compared to AB- aMCI patients °6. This last study used
animal category for the task, while we used supermarket food items, which might explain the
discrepancy of the results. Regarding attention, we found no significant differences between the

two groups in the Cancellation Task, no previous studies having previously compared, to the best

57



MEDICAL
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

UNIVERSIDADE

p
@9 NOVA
P 4

DE LISBOA

of our knowledge, AB+ and AB- aMClI patients on this test. More studies are certainly needed to
further investigate how the amyloid status influences performances in different tests of executive
functions and attention in patients with aMCI. It should be added that patients with aMCl who are
AB+ showed less global cognitive performance, albeit within the normative range, assessed by the
MMSE, as compared to AB- aMCl patients, probably reflecting the more pronounced alteration in

several cognitive domains, particularly memory and executive functions, as described above.

A third point has to do with the value of neuropsychological tests to predict the patients with
aMCl who have amyloid pathology. In the present study, the statistical model could only correctly
classify 64.6% of the aMCI cases regarding their amyloid status. The only test that remained in the

model was the Logical Memory Delayed Free Recall.

It is noteworthy that in the present study the Logical Memory Immediate Recall score was chosen
to classify patients as aMCl and the Logical Memory Delayed Recall score for analysis, in order to
avoid circularity bias. However, it could be argued that both measures were rather equivalent. This
did not seem to be the case, as there was no significant collinearity between these
neuropsychological test variables, with a variance inflation factor (VIF) value relating Logical

Memory Immediate Recall and Logical Memory Delayed Recall of 1.199.

The Logical memory Delayed Recall score produced a modest area under the curve (AUC; 0.633).
In a previous study in aMCl patients, the 30-minute delayed recall score of the Rey Auditory Verbal
Learning Test was the best predictor of AP status among the psychometric tests, but it produced
an AUC of only 0.67 %. Using a 16-word list, Tomadesso et al. (2018) 190 calculated slightly better
AUC values for the free recall (0.73) and recognition (0.74) tasks in classifying the aMCl cases
according to the amyloid status. It thus seems that neuropsychological tests have a limited ability
to identify the aMCI cases who are AP+ and those who are AB-, not attaining the values of 80%
recommended for AD biomarkers 19, Of course, these results do not exclude that
neuropsychological tests could add predictive value to determine the amyloid status in

conjunction with other clinical or neuroimaging biomarkers.

Finally, the intriguing question of the etiology of aMCl cases who are AB- certain merits further
research. Depressive symptoms were not more frequent in AB- than in AB+ aMCI patients.
Patients with history of stroke or relevant cerebrovascular disease in brain imaging were excluded

in the present study. It is possible that AB- aMCl patients might be at an initial stage of a
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neurodegenerative disorder other than AD, for instance frontotemporal dementia or the Lewy
body dementia-Parkinson’s disease continuum 119, To be sure, a long follow-up of these AB- aMClI

patients might be needed.

The main strength of this study is that it was carried out in the context of a large prospective
cohort, in which the participants underwent comprehensive standardized neuropsychological
assessment. Several limitations of the study must be recognized. Participants were patients who
attended a memory clinic or a general hospital outpatient clinic, and the findings may not
applicable to different clinical settings. Certainly, only a proportion of patients with aMCl undergo
a comprehensive AD biomarker workout, and these are probably different from those patients

with aMCl who do not.

In conclusion, the neuropsychological assessment remains an essential step to diagnose and
characterise patients with aMCIl. However, neuropsychological tests have limited value to
distinguish the aMCl patients who have amyloid pathology and AD, from those who might suffer

from other clinical conditions.
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Introduction

Nowadays, the development and clinical application of biomarkers has dramatically changed the
framework of Alzheimer’s disease (AD) diagnosis. It is now possible to diagnose AD at an early pre -
dementia stage, that is, before the patient has symptoms severe enough to be considered
demented 32111, Different diagnostic criteria with slight differences were advanced, namely
prodromal AD 3542112 gnd Mild Cognitive Impairment (MCl) due to AD 38, that rely on biomarkers
reflecting pathological alterations in the brain typical of AD, namely: (1) decline in episodic
memory, confirmed by neuropsychological testing, (2) atrophy of the hippocampus and other
medial temporal lobe structures shown by magnetic resonance imaging, (3) detection of abnormal
CSF biomarkers, namely low amyloid AB42 concentrations, increased p-tau or t-tau
concentrations, (4) abnormal brain deposits of A and tau, as well as reduced glucose metabolism
in temporoparietal regions, by PET scan. The use of biomarkers for diagnosis of MCI due to AD
quickly spread to AD reference centers 23 and more sluggishly to routine clinical practice.

Uncertainties remain about the possible benefits and disadvantages of obtaining and
communicating a specific diagnosis of prodromal AD, or MCl due to AD, to an individual patient.
On the one hand, it should be relevant for the patient to make life decisions and prepare the near
future, engage in a cognitive rehabilitation program, start appropriate pharmacological therapy,
and eventually participate in a clinical trial. On the other hand, it might upset patients and
caregivers, leading to emotional distress and concerns about progression of symptoms and the
fleetness of future cognitive decline 113, One important present limitation of obtaining and
communicating a specific diagnosis of MCl due to AD is that the actual pace of disease
progression, attainment of important clinical milestones, and in particular conversion to dementia,
are presently impossible to predict in an individual basis. This point could not be made more
clearly than by the patient’s sentence when receiving the diagnosis of MCl due to AD: Yes, | hope
for the best. It will definitely evolve. | don’tthink it will stay like that, but is that within 5 years? 113,
Importantly, prediction of time to conversion to dementia has already been extensively studied in
MCI without the information of biomarkers, namely using neuropsychological assessments. These
studies showed that memory tests, as well as executive function and verbal fluency tests, are able
to predict with accuracy the time to conversion to dementia 7 114-123, \We hypothesize that similar
neuropsychological measures may also be useful to predict the progression to dementia in MCI

due to AD. It should be very important to provide the individual patient diagnosed with MCl due to
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AD with reliable information on the prediction of stability or conversion to dementia at a clinically

relevant time window.
Methods
Participants

A cohort of 232 patients, part of the CCC, who attended neurologic consultation in a private
memory clinic in Lisbon (Memoclinica) and Coimbra University Hospital, in Coimbra, from 2006 to
2017, performed a comprehensive neuropsychological evaluation and were tested for biomarkers
of brain amyloidosis and neuronal injury. From these, 127 had the diagnosis of MCl due to AD and
were included in the present study. Patients had to have associated follow-up information and to
be followed for at least one year, thus only 110 patients were analyzed for the present study

(Figure 1).

Figure 1. Flow-chart of patient selection for the study.

\
32 105 - Amyloid negative
MCI patients with biomarker MCI patients
information
J
127 17 - Patients with less
Patients with criteria of MCI than one year of follow-
due to AD up information

110

Patients with follow-up
information that entered the
study

Diagnostic criteria

The diagnostic criteria of MCl due to AD, as proposed by the NIA-AA workgroups 38, offer the most
accurate prognosis in clinical settings 43. Specifically, the criteria of MCI due to AD—High Likelihood
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38 were considered in the present study since they provide the highest degree of certainty that the

patient will progress to AD dementia:

1. Clinical and cognitive criteria
a.Cognitive concern reflecting a change in cognition reported by patient, informant or
clinician
b.Objective evidence of impairment in one or more cognitive domains, typically including
memory
c.Preservation of independence in functional abilities
d.Not demented
2. Etiology of MCI consistent with AD pathophysiological process
a.Vascular, traumatic and medical causes of cognitive decline were ruled out
b.Evidence of longitudinal decline in cognition (when feasible)
3. Biomarkers of AB deposition
a.Low CSF Ap42
and/or
b.Positive amyloid PiB-PET imaging
4. Biomarkers of neuronal injury (at least one present)
a.High CSF t-tau or p-tau
and/or
b.Medial temporal atrophy by volumetric measures or visual rating
and/or
c.Temporoparietal hypometabolism by FDG-PET imaging
Both sources of amyloid status (CSF and PiB-PET) were considered interchangeable since a
high agreement between AB42 concentrations in the CSF and amyloid PiB-PET scan results in MClI
and Alzheimer’s disease patients was confirmed by previous studies 192, All procedures were
performed according to the established protocols on participating centers 103, 105, 130-132 The |evels
of APB42, t-tau, and p-tau were measured using commercially available enzyme-linked
immunosorbent assays (INNOTEST® AB42, INNOTEST hTAU Ag and INNOTEST PHOSPHO-TAU
(181P); Innogenetics, Ghent, Belgium). The expected site assay variability present in multicenter
studies was acknowledged 194 and positivity was determined using locally available cut-off values.

Amyloid PET scans used the Pittsburgh Compound B (11C-PIB) and were performed in the same
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scanner (Philips PET/CT Gemini GXL), preceded by a low-dose brain computed tomography (CT)
acquisition for attenuation correction (Institute of Nuclear Science Applied to Health, ICNAS,
University of Coimbra). PiB-PET images were classified as amyloid positive or negative based on a
support vector machines (SVM) local classifier, which uses the voxel wise brain grey matter

standardized uptake value ratio (SUVR) and the cerebellar grey matter as reference region 131,
Conversion to dementia

At follow-up, the patients were classified as “non-converter” if the diagnosis persisted until last
assessment or “converter” in the presence of a dementia diagnosis established according to the
DSM-IV-TR criteria 2, in a consensus meeting with the team of neurologists and neuropsychologists

that followed the patients.
Neuropsychologicalassessment

The baseline and follow-up comprehensive neuropsychological assessment was carried out by the
same team of trained neuropsychologists, following a standard protocol and comprised the

following instruments and scales:

-Mini-Mental State Examination (MMSE) 62133 - the MMSE is a brief screening instrument to assess
global cognitive performance. The Portuguese version was applied, and normative data was > 27
for more than 11 years of education and >22 for 11 or less years of education 133,

-Battery of Lisbon for the Assessment of Dementia (BLAD) °9:¢0 - the BLAD is a comprehensive
neuropsychological battery that includes some tests from the Wechsler Memory Scale 67 and has
been validated for the Portuguese population. This battery includes tests for the following
cognitive domains: attention (Cancellation Task); verbal initiative (Semantic Fluency), motor and
graphomotor initiatives; verbal comprehension (a modified version of the Token Test); verbal and
non-verbal reasoning (Interpretation of Proverbs and the Raven's Coloured Progressive Matrices —
Ab series); orientation (Personal, Spatial, and Temporal Orientation); visuo-constructional abilities
(Cube Copy); planning and visuospatial/praxis abilities (Clock Draw); calculation (Basic Written
Calculation); immediate memory (Digit Span Forward); visual memory (Visual Reproduction Test);
working memory (Digit Span Backward); learning and verbal memory (Verbal Paired-Associate

Learning, Logical Memory and Word Recall).
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-California Verbal Learning Test (CVLT) 134135 - the CVLT measures verbal learning and assesses
constructs such as repetition learning, serial position effects, semantic organization, intrusion, and
proactive interference. The word lists (List A and List B) are made up of 16 items from 4 different
categories of “shopping list” items. The trial of interest (better discriminating ability for different
stages of cognitive decline) 136 considered for the present study was the total number of words
from List A correctly recalled on the first 5 learning trials (CVLT 5 Trials Total Recall).

-Trail Making Test (part A and part B) 106107 - the TMT task measures sustained attention,
visuomotor processing speed (part A), visuospatial working memory and cognitive flexibility (part
B). The part A consists of 25 circles numbered 1 — 25 distributed over a sheet of paper and the
patient should draw lines to connect the numbers in ascending order. In Part B there are 25 circles
as well, but the circles include both numbers (1 — 13) and letters (A — M) and the patient has to
draw lines to connect them all in an ascending pattern with the added task of alternating between
the numbersand letters (i.e., 1-A-2-B-3-C, etc.).

-Geriatric Depression Rating Scale (GDS) 4% - the GDS is a self-report instrument used specifically
to identify depressive symptomatology in the elderly. For this study a Portuguese version of a
short form (15 items) was applied 4.

-Subjective Memory Complaints Scale (SMC) 137138 - the SMC scale comprises 10 individual
guestions for the assessment of subjective memory complaints, with total scores ranging from 0
(absence of complaints) to 21 (maximal complaints score).

-Blessed Dementia Rating Scale (BDRS) 10108 - the BDRS is a brief behavioral scale based on the
interview of a close informant. This scale is composed of 22 items that address daily life activities,

habits and changes in personality.

Statistical analysis

For baseline comparison of demographic and clinical data between groups the Student’s t test and
Pearson’s x2 test were used, for numerical and nominal data, respectively. All tests were 2-tailed
and a p-value<0.05 was assumed to be statistically significant. The neuropsychological
assessments were standardized according to the age and education norms for the Portuguese
population 5280 and z scores were calculated. The comparison of neuropsychological results
between the group that progressed to dementia during follow-up and the group that remained

with MCl was conducted using Student’s t test. To explore the effect of impairment in
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neuropsychological tests on the time to conversion to dementia during follow-up, first the
proportional hazards assumption for neuropsychological predictors was tested by adding time
dependent covariates (interaction of predictors and a function of survival time) and then a Cox
Proportional Hazards Regression model was conducted. The hazard or risk of conversion to
dementia for the neuropsychological tests that were significantly different between converter and
non-converter groups was computed. Time to event was calculated as the interval from the initial
baseline evaluation to the diagnosis of dementia. For cases that remained non-demented, time
was censored at the date of the last clinical/neuropsychological assessment. Kaplan-Meier curves
analyzing the incidence of dementia according to the z scores of the lowest and the highest tercile
were depicted. For comparison of curves, we opted for the Gehan-Breslow test since one group
had a higher risk of conversion due to the significantly lower cognitive performance at baseline.

Statistical analyses were performed using IBM SPSS Statistics 25 for Windows (2017 SPSS Inc., an

IBM Company) package.

Results

One hundred and ten patients with MCl due to AD were enrolled. During the follow-up period
(2.6911.56 years for converters and 2.67+1.39 for non-converters), 63 patients (56%) progressed
to dementia and 50 (44%) did not. Demographic and clinical data are reported in Table 1. The
converters at the baseline assessment were younger than the non-converters, however, for mean
follow-up time, education level, gender, depressive symptomatology, cognitive complaints and

independence at daily activities, no statistically significant differences were found (Table 1).
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Table 1. Baseline demographic and clinical characteristics of Non-converters and Converters.
Non- Converter |
converter n=61 p-value
n=49
Age at first assessment, years, mean (SD) 70.1(6.2) 65.4(7.3) | <0.001*
Formal education, years, mean (SD) 10.7 (4.6) 10.2(4.8) | 0.591
Gender, female/male, n 28/22 35/27 1.000*
Follow-up time, years, mean (SD) 2.7 (1.4) 2.7(1.6) |0.921
Time between onset of symptoms and first neuropsychological | 2.4 (1.5) 2.2(1.2) |0.576
assessment, mean (SD)
Geriatric Depression Scale, mean (SD) 5.1(3.4) 5.8(4.5) |0.420
Subjective Memory Complaints Scale, mean (SD) 10.3(4.6) 10.2(4.1) | 0.959
Blessed Dementia Rating Scale, mean (SD) 3.1(1.9) 3.4(2.0) |0.528
Mini-Mental State Examination, mean (SD) 26.4(2.2) 25.6(2.4) | 0.084

Group comparisons were performed with parametric Student’s t test (or x* Pearson test when appropriate”);

*Statistically significant p < 0.05;
Abbreviations: SD — standard deviation.

The results of a comprehensive neuropsychological assessment showed the presence of

impairment (z score<-1) in measures of attention and executive functions (Trail Making Test A and

B), orientation, verbal learning and episodic memory (Word Recall; Logical Memory immediate

recall; Logical Memory delayed recall; Verbal Paired-Associate Learning; California Verbal Learning

Test 5 Trials Total Recall) for both groups. In a measure of language comprehension (Token Test)

only the converters showed impairment. Moreover, converters scored significantly lower than

non-converters at measures of verbal initiative (Semantic Fluency), non-verbal reasoning (Raven's

Coloured Progressive Matrices) and episodic memory (Logical Memory immediate recall).

Noteworthy, a trend towards statistical significance was found for the delayed recall condition of

the Logical Memory test with converters scoring lower than non-converters at baseline

assessment (Table 2).
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Table 2. Baseline neuropsychological performances of Non-converters and Converters.

Cognitive domain Non-converter| Converter | p-valug Cohen’s (
Neuropsychological Test (n=49) (n=61)

Attention and Executive Functions

Cancellation Task 0.26(1.17) 0.04(1.37) | 0.406 | 0.14
Digit Span Backward 0.06(0.90) -0.09 (1.20)| 0.488 | 0.12
Clock Draw 0.05(1.49) -0.37(1.53)| 0.216 | 0.28
Trail Making Test A -1.31(1.70)% | -1.36(1.85)% 0.896 | 0.02
Trail Making Test B -1.97 (1.84)# | -1.63(1.79)4 0.413 | -0.18
Initiative

Semantic Fluency -0.07 (1.33) -0.86 (1.48) | 0.004*| 0.54
Motor Initiative -0.27 (1.80) -0.70(1.90)| 0.238 | 0.23
Graphomotor Initiative 0.05(0.76) -0.13(1.00) | 0.319 | 0.21
Reasoning

Raven’s Coloured Progressive Matrices 0.05(1.06) -0.60 (1.43) | 0.009*| 0.48
Interpretation of Proverbs 0.73(1.23) 0.34(1.82) | 0.211 | 0.21
Orientation

Personal, Spatial and Temporal Orientation | -2.32 (2.45)% | -2.23 (2.35)4 0.846 | -0.04

Calculation

Basic Written Calculation -0.47 (1.00) -0.59(1.17)| 0.582 | 0.08
Visuo-constructional abilities

Cube Copy 1.54(1.95) 1.33(2.37) | 0.656 | 0.11
Language

Token Test -0.59(1.11) -1.17 (1.83)% 0.113 | 0.36
Memory and Learning

Visual Reproduction 1.45(1.30) 0.58(0.99) | 0.150 | 0.77
Digit Span Forward 0.55(1.30) 0.42(1.34) | 0.622 | 0.08
Word Recall -1.25 (1.44)% | -1.77 (1.57)%4 0.093 | 0.35
Logical Memory (immediate recall) -1.17 (1.13)% | -1.92(1.53)4 0.005* 0.53
Logical Memory (delayed recall) -1.99 (1.40)* | -2.64(0.93)% 0.056 | 0.53
Forgetting Index (1) -1.23(2.38)% | -1.79(2.78)% 0.266 | 0.26
Verbal Paired-Associate Learning -1.18 (1.20)# | -1.58(1.54)% 0.139 | 0.25
CVLT 5 Trials Total Recall -3.14 (1.36)# | -3.69 (0.95)% 0.077 | 0.42

Means of z scores calculated according to the equation [z = (x-mean)/SD];
Group comparisons were performed with independent samples Student’s t test
*Statistically significant p < 0.05

#Presence of impairment (z score <-1)

WEorgetting Index = [(LM delayed recall -LM immediate)/LM immediate)]*100
Abbreviations: CVLT — California Verbal Learning Test

A multivariate Cox proportional hazards regression model was applied to identify the independent
predictors associated with time to conversion. The proportional hazards assumption was tested
for each predictor (Age: Hazard Ratio [HR]=1.020, Cl: 0.990-1.052, p=0.192; Semantic Fluency:
HR=0.965, ClI: 0.804-1.159, p=0.704; Logical Memory (immediate recall): HR=0.981, Cl: 0.834-
1.155, p=0.821; Raven’s Coloured Progressive Matrices: HR=1.217, ClI: 1.005-1.475, p=0.045). Only

the clinical and neuropsychological measures that differentiate the groups were included as
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predictors. In the first model only the clinical predictor (age) by the method enter was included.
Age at baseline was not associated with time to event (conversion to dementia).
Neuropsychological predictors were subsequently subjected to multivariate Cox proportional
hazards regression analysis (Table 3). The Semantic Fluency was added to the model and was a
significant predictor (HR=0.762, Cl: 0.634-0.916, p=0.004), whereas the Logical Memory
(immediate recall) in the presence of Semantic Fluency did not reach significance as predictor
(HR=0.852, Cl: 0.704-1.031, p=0.099 ) (Table 3). However, the Logical Memory (immediate recall)
was a significant predictor if entered first in the model (data not shown in Table 3; HR=0.797, ClI:
0.663-0.957, p=0.015). When the Raven’s Coloured Progressive Matrices was added to the model
the other predictors lost their significance (Semantic Fluency: HR=0.835, Cl: 0.691-1.009, p=0.062;
Logical Memory (immediate recall): HR=0.898, Cl: 0.738-1.092, p=0.281). In the final model only
the Raven’s Coloured Progressive Matrices, a test of non-verbal reasoning, remained significant as
a predictor of time to conversion to dementia (HR=0.712, Cl: 0.566-0.894, p=0.004). A decrease of
one unit (z score) in Raven’s Coloured Progressive Matrices was associated with a 29% increase in
the risk of conversion to dementia (Table 3).

For the Kaplan-Meier curves the comparison was between the highest and the lowest terciles of
the Raven’s Coloured Progressive Matrices scores to assess the differences in time to conversion
to dementia. Because at baseline both groups showed normative results, the presentation of
Kaplan-Meier curves comprised the lowest and the highest terciles, instead of impaired and

unimpaired z scores, to offera more balanced sample size curves (Figure 2).

According to the Kaplan-Meier curves, for z scores in the lowest tercile (z score range: -2.88 to -
0.96) after 3 years of follow-up approximately 50% of patients had converted to dementia,
whereas for the highest tercile (z score range: 0.59 to 1.82) the conversion of approximately 50%
of patients occurred later, after 4 years of follow-up. Accordingly, a significant difference between

Kaplan-Meier curves was found (¥2(1) =6.131; p=0.013).
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Table 3. Multivariate Cox proportional-hazardregression models for predictors of conversion to dementia.

Predictors HR 95%Cl p-value
(n=110; event/conversion to dementia=61; censured=49)

Votveriteanabss [ [ [ ]
Model 1 — demographic variable (enter method)
Age (mean, years) 0.984 | 0.950-1.019 | 0.376
Model 2 — cognitive predictors (enter method)
Semantic Fluency (mean, z score) 0.762 | 0.634-0.916 | 0.004*
Model 3 — cognitive predictors (enter method)
Semantic Fluency (mean, z score) 0.804 | 0.664-0.974 | 0.026*
Logical Memory (immediate recall) (mean, z score) 0.852 | 0.704-1.031 | 0.099
Model 4 — cognitive predictors (enter method)
Semantic Fluency (mean, z score) 0.835 | 0.691-1.009 | 0.062
Logical Memory (immediate recall) (mean, z score) 0.898 | 0.738-1.092 | 0.281
Raven's Coloured Progressive Matrices (mean, z score) 0.712 | 0.566-0.894 | 0.004*

Abbreviations: Cl — Confidence Interval, HR — Hazard Ratio; *Statistically significant (p < 0.05).

Figure 2. Kaplan-Meier analysis of the incidence of dementia among patients in the lowest and in the

highest tercile of the zscores
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Discussion

Patients with MCI due to AD that converted to dementia during the follow-up period were more
impaired at the baseline in neuropsychological tests assessing verbal fluency, non-verbal reasoning
and episodic memory, as compared to non-converters. An interesting result is that only non-verbal
reasoning, assessed through Raven’s Coloured Progressive Matrices, remained significant as a

predictor of time to conversion to dementiain a multivariate model.

Several studies have previously evidenced the predictive value of neuropsychological measures to
assess time to conversion to dementia in MCI patients with unknown biomarker status 126,139-141,
Noteworthy, some studies highlighted that not only episodic memory performance but also other
cognitive areas, namely executive functions and language tests are associated with a higher
likelihood of progression from MCI to dementia during follow-up 74119.125,142,143 Thys, it would be
plausible to expect a similar contribution of neuropsychological testing for patients with MCl due

to AD.

According to our results, cognitive areas associated with reasoning and fluid intelligence, that
reveal little decline until more advanced phases of Alzheimer's disease, as can be seen in the
normative results of our MCI patients, can contribute significantly to predict time to conversion.
As previously mentioned, only non-verbal reasoning, assessed through Raven’s Coloured
Progressive Matrices, remained significant as a predictor of time to conversion to dementia in a
multivariate model. For each standard deviation reduction in the z score of Raven’s Coloured
Progressive Matrices score the risk of conversion to dementia increased approximately 30%. This
test is a measure of fluid intelligence that demands several abilities as visual-perceptual, process
integration, logical reasoning and cognitive flexibility 144. The contribution of the Raven’s Coloured
Progressive Matrices to predict time to conversion to dementia has been, to the best of our
knowledge, largely neglected in the literature. Fluid intelligence has been addressed as a proxy of
cognitive reserve 82, In AD patients a higher cognitive reserve was associated with slower clinical
progression in predementia stages, but after the onset of dementia it appears to have the
opposite effect and accelerate the cognitive decline 145, Interestingly, in the first study of the
present thesis, in aMCl patients without amyloid status information, an association of
performance in RCPM with long-term (10 years) diagnostic stability was also found 2. Likewise, a

large community-based study with non-demented subjects, the Framingham cohort prospective
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study, showed that a test of abstract reasoning was a strong predictor of long-term (22 years)
conversion to dementia 8. In the present study, the Raven’s Coloured Progressive Matrices test
was found to be the stronger predictor of conversion to dementia at a shorter (3 years) term in

patients with MCl due to AD.

As foreseeable most of MCl due to AD patients converted during the follow-up period. Remarkably
patients that converted to dementia during follow-up were younger at baseline than patients that
did not convert, no differences being found in duration of symptoms, presence of depressive
symptoms and years of formal education. This result seems to be in contradiction to longitudinal
studies of conversion from MCI to AD that commonly report higher risk of conversion to dementia
for the older patients 146147 However, the influence of age in cognitive decline for AD patients is
not straightforward and some studies have revealed that AD patients starting the symptoms
earlier had a less benign course with higher rate of cognitive decline 148, Notwithstanding the

difference at baseline, age was not a significant predictor of time to conversion.

The present study has some limitations that might be addressed in future studies. Obtaining a
longer follow-up would be important. Replication of the present findings in other studies
recruiting patients at a similar clinical stage would be needed. The genotyping of Apolipoprotein E
(APOE) €4 is not recommended in a clinical context 14° and for that reason was not available, and
this is a limitation of the present study. Patients did not undergo all neuronal injury biomarkers, so
it was not possible to assess their predictive value on time to future conversion to dementia. Not
all patients with MCl undergo the diagnostic procedures with biomarkers, which are costly and
invasive, thus the patients diagnosed with MCl due to AD are not representative of the AD

population in a memory clinic.

The major strengths of the present study are the sample high likelihood of having Alzheimer's
disease neurodegeneration according to the diagnostic criteria and the minor loss to follow-up of
the cohort. As future perspectives, predicting conversion of MCl due to AD to dementia might be
improved by machine learning techniques, namely by a feature selection ensemble approach to
automatically choose the best neuropsychological predictors of future conversion, as was already
done for MCI patients without amyloid status information 130, Anticipating a precision medicine
approach, it would important to refine risk models that can provide reliable prognostic

information to the individual patient with MCl due to AD 151,
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It has been an extraordinary recent advance being able to diagnose AD at an early clinical stage.
Still, after being diagnosed with MCI due to AD, patients and families need to make important life
decisions and future planning, and expectedly wish to get a reliable estimation of the disease
progression. To the best of our knowledge, the present study is the first to explore the differential
contribution of routine neuropsychological tests to predict time to conversion to dementia among
patients diagnosed with MCI due to AD. Neuropsychological tests, namely assessing verbal
fluency, episodic memory, and particularly non-verbal reasoning assessed with the Raven’s
Coloured Progressive Matrices, may contribute to predict stability or conversion to dementia at a

clinically meaningful time window.
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Discussion and Final Conclusions

Investigation on Alzheimer’s disease has so far made extraordinary advances. In the last quarter of
century, much effort has been devoted to the early diagnosis of cognitive disorders with the aim
of identifying signs and symptoms that could be used as reliable predictive markers of disease
development. Such identification would allow research to ascertain whether and which
interventions at the early stages could change the natural history of the disorder. Mild Cognitive
Impairment has been proposed to capture the intermediate phase between healthy ageing with
slight cognitive changes and dementia 5114152153 MCl was introduced as a clinical entity more
than 25 years ago, and since then, groups of individuals with this diagnosis have been intensively
investigated from clinical, neuropsychological, imaging, genetic, pathological and epidemiological

perspectives 154,

Not all those who experience cognitive decline, especially in advanced ages, will develop
dementia, and some classified as having MCl will not even progress to clinically defined dementia.
Rates of progression from MCI to dementia are consistently lower in community settings than in
specialty clinical and research programs where individuals with MCI seek services, despite using
the same criteria. Notably, all population-based studies find substantial proportions of individuals

with variously defined MCl remaining stable or evenreverting to normal during follow-up 153,

Several studies have shown that the characterisation of subjects with MCl and their outcome can
be influenced by the setting in which the criteria are applied. For example, subjects attending a
dementia clinic are likely to have significant cognitive impairment at the time of assessment. That
is, the likelihood that they will be cognitively impaired with either MCl or dementia is much higher
than if subjects from the community were assessed in an epidemiological study. As such, MCI
prevalence is much higher in referral clinics than in the general population, and the rates of
progression to greater degrees of cognitive impairment or dementia are also much higher. Positive
predictive value is strongly influenced by this prevalence. In general, the progression rate to
dementia in many referral clinics is in the range of 10-15% per year, whereas progression rate in
the general population, prospectively sampled in epidemiological studies, tends to be around 5—
10% per year. In the clinic setting, the subset of individuals with MCl is more likely to be on the AD
pathophysiological spectrum, whereas in the community setting, MCl due to any etiology is more

likely to be found. Causes other than neurodegeneration include depression, anxiety, drug use,
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medical comorbidities and other treatable conditions. In other words, it seems that the MCI
construct identifies different clinical syndromes, depending on the populations to which the
criteria are applied. At the community level, a larger spectrum, probably of the same clinical
syndrome, is captured by MCI criteria and this obviously will affect prognostic outcomes.
Furthermore, in the specialized clinical setting, it is likely that the reference bias of MCl subjects is
driven not only by severity of the symptoms, but also by other factors such as presence of other
dementia cases in the family, educational level of the subjects and presence of serious

comorbidities 33.

Neuropathological population-based studies have long shown the development of considerable
pathology in individuals who do not express clinical dementia, and these findings are being

suggested by emerging biomarker studies 33.

Postmortem studies indicate that past 80 years of age, presence of AB plaques (and neurofibrillary
tangles) has less value in the discrimination between clinical dementia and nondementia cases. In
a cohort of oldest old, AB deposition was not associated with the incidence of dementia during a 2
years’study among the highest-risk participants with MCI (although it was associated with
incidence of dementia among all participants). However, more sensitive cognitive outcomes
reported for a 12-year follow-up indicate that, despite frequent occurrence of AB deposition at
this age (56.0%), AP is associated with long-term cognitive decline compared with its absence. The
same finding was observed for the frequent occurrence of hippocampal volume reduction (57.7%)
vs. its absence, although cognitive decline was restricted to visual memory. Both biomarkers
appear to have measurable cognitive consequences and are hallmarks of decline, even among the
oldest old. Although this study does not refute the notion of a diminished role of AR with
advanced age, results support the hypothesis that AP remains functionally consequential in

advanced aging and thus remains an important, if not sufficient, pathophysiologic process 136,

Nowadays, it is possible to detect the biological fingerprints of AD in vivo. We have at our disposal
biomarkers of the disease like CSF AD biomarkers, amyloid PET imaging and evidence of
hippocampal atrophy on MRI. These biomarkers, reflecting both amyloid deposition and neuronal
injury, have been incorporated into diagnostic criteria, like those proposed by the NIA-AA for AD

dementia 32, mild cognitive impairment (MCl) 38 or preclinical states 37.
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Cerebrospinal fluid biomarkers for AD are AB42, which is found in low concentrations in AD,
probably reflecting brain amyloid deposition, t-tau, detected at high concentrations representing
cortical neuronal loss, and phosphorylated tau, also present in high concentrations, reflecting
cortical tangle formation 157, These markers have shown high diagnostic accuracy for established
AD 158, and they may also be used to identify AD before onset of dementia at the stage of MCl, as
shown in both single-centre studies 1°9.160 and large-scale heterogeneous multicentre studies
104,161,162 The NIA-AA guidelines for MCl due to AD propose categorizing MCl according to the
individual likelihood of underlying AD pathophysiology, according to their biomarker profile 38. In
these guidelines, the highest likelihood category is characterised by biomarker findings pointing to
the presence of AD pathophysiology, whereas the lowest likelihood category is characterised by
findings not typical for AD. This categorization also includes subgroups of conflicting biomarker
results, namely patients with biomarkers positive for amyloidosis but negative for
neurodegeneration and patients with normal amyloid markers but positive for neurodegeneration.
It is consensual that the risk of progression to AD is higher in patients with all biomarkers positive
for AD and lowest in patients with no positive biomarkers for AD. However, the biological
significance and the prognosis of patients who fall into conflicting biomarker categories are still

controversial 163,

The starting point for the studies presented here was precisely this: how can we estimate
prognosis in MCIl patients who do not have biomarkers, in those whose biomarkers are conflicting
and even in those who have clear biomarkers indicative of Alzheimer’s disease? Neuropsychology

could be usefulin all these groups of patients.

Personalised diagnosis is desirable to help the clinician interpret biomarker findings in individual
patients with MCI. Practical models could support clinical decision making and facilitate
application of magnetic resonance imaging and cerebrospinal fluid biomarkers in daily practice.
Van Maurik et al. (2017) designed a cohort modelling study with the goal of constructing
biomarker-based prognostic models (cerebrospinal fluid model, magnetic resonance imaging
model, and a combined model) that could be applied in individual patients with MClI, taking into
account patient characteristics (age, sex, and Mini-Mental State Examination score). The resulting
models showed particularly high negative predictive values, and external validation showed the
models to be highly robust 164, A model including more detailed neuropsychological parameters,

namely the ones used in our studies, would certainly deliver more precise results.
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Although the construct of aMCl represents a great advance in the early diagnosis of Alzheimer’s
disease, it contains a great deal of uncertainty. MCl, namely aMClI, is a concept which has flaws.
We believe one of our contributions was to demonstrate that MCI classification even using

meticulous and comprehensive neuropsychological evaluation is not satisfactory:

1) There is a group of patients with MCl who do not convert. We have proved that it can persist for
ten years, not evolving into dementia during this period. Therefore, MCl is not always a prodrome
of dementia. In study 1, it was shown that not only do these patients maintain the diagnosis of
aMCl, but also their performance in the several neuropsychological tests during a decade remains

globally similar.

2) There are no clear-cut differences between amyloid positive and negative MCl, so we do need
biomarkers. Concerning the concept of aMCI corresponding specifically to the first clinical stage of
Alzheimer’s dementia, it seems inaccurate to the extent that amyloid negative patients in study 2
met criteria for aMCI. In this line, a study has recently shown that subjective memory complaints
(SMC) profile is also very similar between amyloid positive and negative patients. Evaluating SMC

does not seem helpful to identify, among patients with aMCIl, those who have AD 165,

3) Nonetheless, among amyloid positive MCI patients, neuropsychological evaluation revealed to
be very informative regarding estimation of time to conversion to dementia. Study 3 showed that
neuropsychology is able to give important prognostic information about aMCI patients, beyond

the data provided by amyloid biomarkers alone.

Addressing neuropsychology in particular, study 1 and 3 demonstrated that cognitive areas
associated with reasoning and fluid intelligence, which reveal little decline until more advanced

phases of Alzheimer's disease, can contribute significantly to estimation of prognosis of MCI.

In aMCI patients without amyloid status information, an association of performance in Raven’s
Coloured Progressive Matrices with long-term (10 years) diagnostic stability was found. The better
the subjects scored, the higher the probability was of remaining stable in the long term (10 years).
In study 3, the Raven’s Coloured Progressive Matrices test was found to be the stronger predictor
of conversion to dementia at a short (3 years) term in patients with MCl due to AD. The worse the

patients scored, higher was the probability of conversion in the short term.
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Raven’s Coloured Progressive Matrices is a test of non-verbal reasoning. It measures fluid
intelligence, which demands several abilities, including visual-perceptual, process integration,
logical reasoning and cognitive flexibility. It seems to us that the contribution of the Raven’s
Coloured Progressive Matrices to inform about prognosis of aMCl has been overlooked. Fluid
intelligence has been addressed as a proxy of cognitive reserve 22, and, considering this
assumption, it makes sense that individuals with more cognitive reserve sustain neuronal
destruction during a larger period than those who have less, therefore maintaining MCl status and

not converting to dementia during longer terms.

Replication of our findings is warranted. Nevertheless, we believe to have contributed to the
advance of knowledge on MCI and its prognosis. Our results suggest that there are different
subgroups inside the category of aMCI, with meaningful prognostic implications. Estimates of the
time window until conversion to dementia, for instance, are useful for the future plans of patients
and family. It allows individuals to adjust expectations regarding their future. Our studies are also
important since there is the possibility that some non-pharmacological interventions can delay
conversion to dementia, and those treatments may have differential impact depending on the
neuropsychological profile of the aMCI subject, mainly concerning non-memory domains. Lastly,
our data are important in the recruitment of MCI patients for clinical trials. For instance, it may be
pertinent to distinguish among aMCI groups with and without significant impairment on tests of

non-verbal reasoning as their trajectory seemsto be distinct.

Even though our research was based in a cohort study, it has very strong naturalistic features,
close to reality in memory clinics worldwide. Also, the neuropsychological tests which were used
have been validated for the Portuguese population and have been applied by a group of experient
neuropsychologists in a standardized approach. As drawbacks, we can list the absence of
evaluations at regular pre-determined intervals for every individual and the fact that patients were

recruited from tertiary centres and, as such, do not represent aMCl in general.
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Plans for the future

We have been able to answer some questions, but, as to be expected, many more have arisen
from our results. New avenues of research have been opened. Advances, albeit small, always lead

to new challenges.

We intend to increase the predictive value of our model. Would it add to its diagnostic and
prognostic precision the inclusion of tau biomarkers, apart from the neuropsychological evaluation

and the amyloid biomarkers?

In many recent studies, most of the progression to dementia was predicted by the amyloid plus
neuronal injury or neuronal injury alone. Correlative clinicopathological research has revealed the
existence of multiple pathologies that contribute to determining cognitive function during the life
course 166168 |t js therefore conceivable to expect that a combination of different biomarkers
performs better in terms of diagnostic classification accuracy at the group but also at the

individual level wheninterpretedin the context of presenting clinical symptoms 33,169,

We would like to construct a prognostic model similar to the one proposed by van Maurik et al.
(2017) %4, providing a framework for a precision medicine approach by allowing personalised
identification of clinical progression in patients with MCI using an equation based on patient

characteristics, namely neuropsychological performances, and continuous biomarker values.

It is known that even amyloid negative MCI patients convert to dementia. We plan to study those

amyloid negative patients in order to determine the underlying pathology in these cases.

We also envisage reviewing the cases who were stable for a decade, studying biomarkers in them

and looking for protective factors, namely lifestyle elements.

We are also looking forward to study the extraordinary possibility that long-term stability might

happen in a few cases of aMCl amyloid positive patients.
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Abstract i

Background: MlhedwsdecngthWM)mMmum likely to progress w
dementia, essentially Alzheimer's disease, loogisudingl stadies have shown that some patients may not comven o dementia
and maintain the diagoosis of MCI even after many yems.

Objectives: To determine whether patsents that madntam the diagnosis of MCI in the Jong tema (10 years) are really stable
o st declining showly, and t0 idessify climical snd seusopsychological characteristics associmed wish Jong-seem stahilicy.
Methods: The Cognitive Complaints Cohort (CCC) was searched for MCE cases who maintained that diagnosis for at keast
10 years. For each long-serm-stable MCY pariens, two MCl pazicass thu coavenied 10 dementia during follow-sp, maeched
for age and edacation, were selected from the same datahase. The baseline and last nesropsychological evaluations for loag-
terms-stable MCI and convener NG were cosapared. Baseline seuropsychologacal predictors of long-senm stability were
searched foc

Results: Loag-term-stable MCI (n = 22) and coaventer MCI (o = 44) paticats did noe differ in serms of gender distnibetion,
education, age m first assessment and time between symptom onset and first evaluasion. Time of follow -up was o average
11 years for long-term-stabie MCYand 3 years for converter MCL The baseline and follow-up meuropsychalogical tests
were not significasaly different In losg-term.stable MCI paticans, whereas o general decline was observed in converser MCI
patients. Higher scores omome memary test, the Woed Delayed Tosad Recall, and oo the noa-verhal abstraction tesz, Raven's
Progressive Matrices, at the baselme predicted long-sema (10 years) clinical stability.

Cenclusbens: Some paticnts with MCI remaia clisically and searopsychologically stble foc a decode. Beter performances
2 baseline i memory and non-verbal ahstraction tests predict Jong-serm stability.

Keywords: Amnestic, follow-up, long-1ema, mild cognitive impasment, neuropsychological sesss, prediction, stability

INTRODUCTION nosis became widely disseminated after 3 set of

studies by a group of investigators at the Mayo
Climic in 1999. Petersen et al. defined mild cognitive
impairment (MCI) as a condition characterized by
subjective memary complaints, objective memory

Although the term “mild cognitive decline™ had
been previously used in the literature [ 1] this diag-

"Comespondence i Luba Alves, Sarvigu de Newologa do
Hospatal de Egse Moniz, Rea da Junguess, 126, 138019 Liv
bon, Portagal. Tel: 4351 210 432 131 E-auil shes Lacwo®

wmail com.

deficit, nonmal general cognitive performance, and
maintained activities of daily living [2] From the
beginning. the concent of MC1 assumed a continsum
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In ithe preseni work., wilk 16 pears of follosr-up.
dibugh o virbal memory delayed measere o
bechise v soooicd with long- ke dshisly, we
foerd ikal performance o ik Baven's Progrosese
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dnhqpﬂ]Tn:hdu:ufh:*ﬂnu::iu:ir:::Eqp
Eemarkably. cach additosal prenim i telal soee of
the Haven's ive Slainices increased the prob-
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m niher 5] oobarin

Harven's Pregressres Mltnces [ 1%] are cossidersd
a non-verhall reasisg meawr of feid-bppe inicl-
lipemce |36]. So-calied fud isiclligesce s arc
i predicine of o peneral shibiy o do well, call-
my i nevel probiem selving with simple Tl
or oiber lond of moionals, releciing cument abal-
oy For abwiract thoephi and reascreng. lsicresangly,
Eias e al [¥7], in 2 prospecive shudy 1w bealiby
cEnmemty partcipants m ik Fammpham cobori
foend pror absiract rexsoreng o he o dmeg prodic-
iex of comreerene ke domemtn o e lony o Flad
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cogeitres neserve | 8. Cogrelive noere i asec-
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memboeed shove, in porshudy, cducsiyn, 3 vanahic
ke in infucece evalones mies of dement [40],
was comiealied for. However, othar ciors thought
in conirbeie 0 cogeites reserve, such a8 oooups-
thm, prermeehad HOL and memial actabics, wone o
specificallly analyred [ 10],
Frenswrd imedopy of (ong-rome-noable WY

The quesiien of whether thow pabxnis wth lmp-
term-aiable BC] hove AL pathology that i, suffer
from AL from ke siarl. or ok is raiber
mirguisg. Meesdays, the AD biomarkas o con-
muely wed e deieel Al pathokygy and dagros
preseomal Al or M1 due io AD jcp, H1-4400

Hirwever, when thow palicsis wer recnuticd, at least
1 years mgo, AL borocken wer nol rounely wed
mn chizical practice.

li: 15 knewws ihai there can be 3 very losg micral
ahosi 30 pears, between fesd developmeni of any-
sl pemairesty and onsct of demesit [45] Clnical
cohort shudie sugpest fai theee may be very b
te copmitve sllcratiom hal are deiectable 3 decade
o mere before meching criena for MICT [ 4], Thes,
the AD patophysilogeal process moy coers: witk
a lonyg prechisical siage (48] Hased 0 our hedngs.
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3 seumproiccivve role o dhis dage are shil Lugely
unkrerem [47]
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Thes coteert is cosstiuted maisly by ey o
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shsence ol dats on Apolipoproizin E perotype & 2
st of the proseal shudy, msce ibe o4 alicle
an irnpesriasl nsk Scier for AD 48]

The sirengiks of ikis siudy weoe i d was car-
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mpnchokpicl ascaments, and 3 leng tem. | year
olow-ep v schioved
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We foend thot, m sorme M1 padiceis, eal nee-
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and that loeg-term stabiliy could be predicied on the
bt of suopsychokegical iesis measenng memony
ared men-verhal absiesct reasoreny.
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'Chronic Diseases Research Centre, NOVA Medical School, NOVA University of
L:sbon. Portugal
Faculq of Medicine, University of Lisbon, Portugal
*Cognitive Neuroscience Research Group, Department of Psychology and
Educational Sciences and Center for Biomedical Research (CBMR), Universidade do
Alprve. Faro, Portugal
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Incroducdon. Patients diagnosed with amnestic mild cognitive impainment (aMCl) are
ac high risk of progressing to demencha. It became possible, through the wie of bicenarkers,
o diagnese those patients wich aMCl who have Alzheimer’s disease However, it is
presenty unfeasible that all patients undergo biomarker testing. Since neuropsychalogical
testing is required to makea formal diagnasis of aMCl, it would be inceresting if it could be
used o predict the amnyloid status of patients wich aMC).

Methods. Parucipants with aMCL known amyloid status (AP~ or Af-) and a
comprehensive nearopsychological evaluation, were selected from the Cognicive
Complaints Cohort database for this study. Neuropsychological tests were compared
n Afi+ and Al aMCI patierns. A binary logistic regression analysis was conducted to
modal che probabdity of being amyloid posicive.

Results. Of the 216 aMC pacienas stadied, | | 7 were Afi+ and 99 were Al - A+ aMCI
patienas performed worse on several memory tests, namely Word Tocal Recall, Logical
Memory immediate anvd Dolayed Free Recall, and Verbal Paired Associace Learning, xs well
as on Trail Maling Test B, an executive fction test in a bimary logistic regression moded,
caoly Logical Memory Delayed Free Recall retained significance, 3o that for each additional
score point in this test, the probability of being amyloid positive decreased by 30.6%. The
resulting model correctdy classified 64.6% of the aMCl cases regarding their amvyloid status.

*Correapondence should be eddreraed 12 Luaa Abver, Sernge de Newrolope, Hanpitod' de Eges Montz, Rua da unguess, n” 126,
Labon, Portupal (amad abverlnesrofBpmad coen)
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Condlusions. T reewnd payss hobongi call @ 5508 SIE N Femans an essental seep o diagreose
and characcerice packems with aMOL hosseser. neuropspchnloghcal mesrs. hawe Eeniced
walse po discimguish che 2O paciens witen harre: anmplicid pachol ogy from dheas e who mighe
suffer froen ader clisdcal condin oea.

A5 g oonsequenoe of the ageing of the paypalation, the membser of peopde affected by
neunlegenerative  disoeders,  particulardy  Albdheimer  disease (AD), B mcreasing
damatially worddwide (Prince, 20015) There haxs been a growing  invderest  @n
detectimg Al as soom as  paossible  along i inskdioos evolotion, befioe the
estahlishment of the diapgnosis of dementian, The correct ddentification of | patdenes
with memary complaimds who already have an ongoing neurodegeneratinee process is
desimble, since i offers patents the possibility o make impasniant life decisions,
anticipate fAmure care., sant symptomatic droogs,  initote  ocognitive  rehabili@tdon
therapy, and evennmlly participate in clinical trials whith putative mearoprotectve
drugs (de Mendonca, 20025 Abhout 2 decades ago., the: Mayo Clinde group fostered amn
importam advanoce by propoxing the: conoept of ammestic mibd copnithee impadomesnt
(a2l ax a oconditken characterized by subjective memory complanes, objective
meeemiory dieficit, nommal geneml copnibive performance, and maimd@ined activities of
daily Fving (Potersen of af . 19990, Patents diagnosed with abic] in a clinical setting
have abowt 0 anmmol progression mte of comversaon W dementia, wsoadly AR
(Alitchell & Shin-Feshki, 2006 However, avidl can have odher actiolegies (Hanfel
Peng, {eoldstein, & Lah, 2008), and some abiCl patiems actually remain stable for as
kmng as a decade Chlves of af, 2008

In recent years, the use of bksmarkers has allowed the possibidliny of dagmnosing, A0
dm ey i patients who present with a®COL These biomadoers ame sumogates of
pathological ablterations in the brain characterstic of A (Jack o ad, 2008 The presence
of amylmid pathology may be detemined by measuring amylod 4[5 —2 comeentrations imn
the cerchrospinal fAuid (CSFy anddor quandifcing bradn depasits of Al wdith amydbodd
pasitron emission tomography (PET) dBocchet of afl, 20105

In spite of the remarkahble advance that the development of biomarkers represenes
basth from an investiggational and a clinical perspective and the: aped acceptance of these
meerthawds by reference centres (BEoocherta of @, 20050, the genemlization of biomarker
testing to ather settings hax been masre shegpish. Several explanations maght be advanced:
for ins@nce. lumbar ponciare, used o obain CSF, s an imvasive procedore with condra-
mulic-ations and skde effeces, and amyloid PET is gquite expensive and not widehy availabsle.
Bearing this in mind., B would be imparane o discover non-invasive and affondable
meethawds that could disorimeinate berween amyloid-positive (AR and amyloid-negative
(A F— 1 abMCl patients.

Zimce neuropesychological testing B nat immasive and B reguired o make a formal
diagnamsis of aWiClL it would be very interesting o it could be used o ideneify the amyloid
status in patients with abCl (BabharFochs of af |, 200 50 Inother wonds, A G4 a0 patienes
muight have a pamticulr neuropeychadogical profile that would destingueish them from AJ—
adCl patients. Several sudies compared global copntion, attention, exeoutinve functons,
visnospatial femctions., hngoage, visul memeory, and verbal memory beteneen AR amd
A — aiCl patients

Zince patkents with AL tvpically have deficits in episodic memasy as a conseguence
of ecarly and marked hippaocampal earodegenemtion, it is e sarprising thar A5+
aMOl patkents comsstenty presented maore prominent episodic memsary deficits tham
A — abicCl patients i several different studies (Bahar-Fuchs of af, 3060 3; Hibjbers of aff |
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2015%; Kandel, Avants, Geee, Amold, & Wolk, 2015%; Kim ef af, 2018; Reips o o, 2007
Tomadesse o al, D01E, 2009 Wolk of e, 2009 However, regarding attention and
executive functions, differemt stodies  produced  less consissent resulis,  possibly
depending on the kind of test used 0 measure these abilities as well as the mumber
of patkems recrited. In the Abbheimer's Disease Neurmimaging Indtiative (D3
oohort, A+ abMCl patienis took lnger to complete the Tradl Making Tests A and B
when compared o AR— aMCl patients (Kamdel of @i, 3015 These resulis were not
cormshawrated by other studies. that did not observe significant differences in the Trail
Making Tests A and B berween AP+ and Af— aMCI patients {Tomadesso of af, 2018
2019; Wolk o af, HHY). Reganding another commondy used execwtive test, Yerhal
Semanic Fluency, AR+ abCl patients had worss performance in one saudy (Kandel
e e, 2015 but not m other work (Waolk of al, 2000

We now reappraise neuropsychological testing m AR and Af— abC] patients,
particularly concerning performanoes on executive tesis, as well as cognitive domains so
far scarcely analysed, like abstract reasoning and cabculation. Purthermaone, we aim o test
whether a statistical madel volbving different neumpsychaodogical vardables could be
vazhahle to help kentify the amylokd status of patients with aMCL

HMaterials and methods

Participaomts
Participantx belong to the Copnitive Compladnts Colornt (0O00C). The COOC was estabdished

in a primpective study o evahmte the cognitive evolution of patienes with cognitive
comiplaints and no dementia, based on a ocomprehensive neuropsychological evaluation
and ather biomarkers. Detaied infrmation concemming OCOC exstablishme ne was provided
in a previous publication { Maroco of ail, 306 1) The sody was approved by the bocal ethics
commiittes and conducted acoomdting to the: declaration of Helsmki. Informed consent was
ob@ined from patients before any procedume.

Inclusion criteria
1. Dagnoss of ammestic MOD (aVMOD. The criteria for the diagnosis of aMCL were
adapted from Petersen of al {19999

a. Presnoe of memory compladnts;

b. Abnormal memory funotion, documented by impairment in the Logical Memory A
test Immesdiate Free BEecall score. Logical Memory is a sultest of the Batera de
Lishoa para Avaliag@o das Demencias (BLALDD (Garncia, 1984; Goerreim, 199598) (see
below ). For the memaory function to be oonsidered abmnarmal. we set the cot-off
scone of the Logical Memory A Immediate Free Becall at 1 S5 helow the age and
oducation nomes. Busse, Hensel, Gihne, Angermeyer, and Biedel-Helber {20060
observed, in the cohort of the Leipzig Longitodinal Seody of the Aged. that the: *MCI
musdified, 1.0 57 cmerda bad the highest relative predictive  power for the
development of demendtia;

. NMormal general copnitive  function, determined by the Mini-Mental State
Examination (MMEEN (Folsiein, Folstein, & McHugh, 19735) (se belowh within
normal values for the Pormugoese population (Gasermeino, 1998,

d. Mo or a minimal impairment in activities of daily living, determined by the
Instrumental Activities of Daily Living Scale (1AL (Lawton & Brody, 1969
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(see below), that & o sy, no more than one iem from the IADL scale was
altered
2. Knowmn amyloid status, determined by CS5F ARI—i2 measurement andfor cortical
uptake of the Pittshurgh compound B (' C-PiB) on the PET scan.

Exchrsion criteria

1. Presence of neurodogical { smoke, brmin tumoar, significant beacd trauma, epilepsy ) or
psychiziric disorders that may mduce cognithe  deficies; patients with major
depresion according o DEM-IY-TR (APA, ) or sedoos depressie sympioms,
indicated by a score =20 i Gedatnce Depression Scalbe (GOS 500 or =10 in CGeriainc
Depression Scale shont version (G0O%15) {Barmete, Levschner, Santos, & Sobral, 2008
Yesavage of al, 1982; Yesavage & Sheikh, 19586) (see below):

2 Presence of systemic illness with cerebral impact (ouncontrolled  hypertension,
metabolic, endocrine, toxic, and infectiows diseases);

3. History of alorhal abuse or recument substance abuse or dependence;

4. Medication use with possible cognitive side effects;

5. Serimsly reduced vidon or other sensory deficits likeby to mterfere with assoessmend:

6. Presence of dementia acoomding io DEM-DGTR CAPA, 20000;

7. Interal between neumpsychological assessment and Encwledge of amyboid status
longer than 12 months.

The digmioss of abC] was made by an expenenced neurologis. after multidisciplinary

consensus wsing all available clinkcal, neuropsychaological, and nenroimaging information
available from the dagnostic workup.

Biomarker onolysis

The amyloid biomarker status was based on CSF A —42 bevel andfor cortical uptake on
""C.PiB PET, and the aM{1 patients were classified as A or Af—. Both sources of amyloid
sizius were consklered imterchangeable since a high agreement between A2
concentrations in the C5F and amylodd PET scan results in aMOCLand AD disease patients
was confirmeed by previous studies (Leuzy ef ail, 2006).

The levels of Afl—42 wene measured using commercially available encyme-linked
immunosorbent assavs INNOTEST” famvloid ¢ 1-42); Innogenetics, Ghene, Belgium)
acconding o the established protoecols on participating centres (Teunissen, Toumamni,
Engelborghs, & Mollenhawer, 2000 4). The levels of AR 1—ikand the mtio AR 142 over ABL-
40 were not determined routinely, only in exceptional cases where a discrepancy was
founad between CSF and PET scan amyloid results. The expected site assy vanahiliy
present in multicentre studies was acknow bedged (Mattsson o @f | 20080, amd posstivity
wils determined using locally available cut-off values.

The cortical uptake with * 'CPili PET was performed only in one centre using the same

B scanner (Philips PET/CT Gemini GXL), preceded by a lowdose beain computed
inmography (CT) acguisition for sitenmation comection {Instituee of Muclear Scence
Applied to Healih, ICNAS, University of Coimbe). " CPiB PET images were chssified as
amyloid positive or negative based on a suppont vector machines local classfier, which
uses the voxelwise brin grey matter spndandized optake valoe mtio and the: cerehe lbr
grey matter as reference region (Ofiveira of af | 2008}
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The compre hensive neuropsychological assessment was camied owm by the same team of
erained neuropesychalogists, following a standard protocol and comprised the fllowing
instruments and scales:

1. Mink-Memtal State Examination (Fobteinefall, 197%; Goenreiro, 19985 - the MMSE s a
brief screendng instrument o assess global cognitive performance. The Pomtoguese
verson was applied, and normative data weme =27 for individuals with more than
11 years of education and =22 fw patents with 11 or kes years of education
[Canerreirn, 1000
Battery of Lishon for the: Assessment of Dementia (Garcia, 19849 Goemreine, 1995) -
the BLALD is a comprehensve newropsychadkogical battery that inchides some tests
friom the Wechsler Memory Scale (WMS; Wechsler, 19659 and has been validated for
the Portuguese population. This batvery inchedes tests for the following cognitive
domains: immediate memory (Digit Span forward); verbal memory (Word Todtal
Becall, a five words [-min delaved recall test, in which the fotal score contemplates
spontanesus and coued recall); bgical memory (Logical Memory Immediate and
Delayed Recall: for this test, the score i based on the combination of 7 lieral elements
and 17 meaningful elements); associate keaming (Verbal Paired Associate Learning o
generl information (General Information, consisting of 20 questions on subjects of
generl Enowledge & working memory (Digit Span backward); atenton (Cancella
tion Task); wverbal inftiative (Verbal Semantic Floencys verbal and  noneverbal
abstraction (Raven's Colowred Progressive Matrices - Ab series-18 and Inderpretation
of Proverhs) and calculation (Basic W mitten Caloulationc

5. Trail Making Test (part A and part B; Cavaco ef ol , 200 5; Reitan, 1958) - the TMT task
measures sustaimed attention, vissemotor processing speed {pare A), visuospatial
wiorking memary, and cognitive fexihility (part B). The part A consists of 23 circles
numbered 1-2% distributed over 2 sheet of paper, and the patient should draes: bines to
connect the numbers inascendingorder. In part B, there are 2% circles as well, but the
circles inchede both mumbers (1-13) and letters (A-M), and the patient has to draw
limees tor connect them all inan ascending pattern with the added task of altemating
berween the numbsers and letters {i.e., 142854,

4. Genatrc Depression Rating Scale (GDS; Barrets of af, 2008 Sheikh et al. 1986
Yesvage of all, 15982 - the GIDES is a selfrreport instromeent used specifically to deniify
depressive symptomatology in the eldedy. For this study, the Portugoese versions of
GIES0 and GIE 1S were used (Barmeto of afl . 2008}

5. Blessed Dvementia Rading Scale is a clindcal rating scale with 22 jtems that measures
changes in performamee of everyday activities (8 items), self-care habits (3 items), and
changes in personality, interests, and doves {11 items) Ratings are based on
information from relatives or frends and concern behaviour over the preceding
i months

I

For the present work, the neuropsychological asessment closest toithe knowledge of

Statisticol analysis
For comparison of demographic and clinical data between groups, the independent
amples twetailed S3odent's Stest and the chi-suared Pearson test were wsed, for
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numerical and nominal data, respectively. The nevropsychological assessments were
stanclardized according to the age and education norms for the Portuguese population
(Garcm, 1984; Guerreiro, 1998), and = scores were calculated with the equation [z =~ (x
mean)/S0). The comparison of nevropsychological results between A+ and Afl— groups
was done with the independent samples twotalled Student's ttest. To check whether the
differences that were found between groaps still held when controlling for the MMSE
score, a general linear model analysis was performed considering the MMSE a3 a covariate.
A binary logistic regression analysis was conducted to assess whether the newropsycho-
logical tests scores could predict amyloid positivity. The tests that were significantly
different between the groups entered the model. The Enter method (i, standard
regression analysis) was used. Recetver operuting chamctenstic (ROC) curves were
obtained when approprate. In order to control for an eventual redundancy in the tests
comprising the nevropsychological battery, a principal component analysis using a
rotated varimax component matrix was performed.
Statistical analyses were performed using IBM SPSS Statistics 25 for Windows (2017
B SPSS Inc., an IBM Company) package. A probability value of <.05 was assumed to be
statsstically ssgnificant.

Results

A total of 216 patients with aMCl were enrolled from the CCC for the present study, of
whom 117 were Afi+ and 99 were Afl—. The two groups did not differ in terms of gender.
education. age of first symptoms, and time between symptoms onset and neuropsycho-
logical assessment. They did not differ in terms of the presence of depressive symptoms
cither. Regarding the Blessed Dementia Rating Scale scores, aMClI patients in the two
groups had similar global levels of severity (Table 1).

Neuropsychological evaluation (Table 2) showed that A+ aMCl patients had lower
MMSE scores than A~ aMCI patients. MMSE values for Afi+ aMCI patients were 26.8 (5D
2.2, skewness 0.5, mange 23-30) and for AR — aMCl patients 27 6 (80 2.0, skewness 0.7,
range 23-30).

Af+ aMCI patients also performed worse on several memory tests, namely the Word
Total Recall, Logecal Memary Immediate and Delayed Free Recall, and Verbal Paired
Associate Learning, as compared to AjS— aMCl patients. To check whether the differences

Table 1. Demographic and dinical characterizagion
Af+aMCifn = 117)  Af- aMCl{n = 99) pvalue

Gender, malefemale, o (% female) SXiE4 (54.7%) 41058 (58%) 676"
Education, years. mean {SD) 10.6 (4.6) 98 (47 204"
Age of firsc sympeoens, years, mean (3D) 64.0(7.7) &la(log Riba
Time between symptoms anset and 28(25) 13029 ey
neurcpsychological assessment, years,
mean (SD)
Presence of depressive symproms ©% 34.5% 423% 3
Blessed Demenua Rating Scale, mean (S0) 3.3 (2.0) 15(20) At

Nate. *Chi-squared Pearson’s test: “independent samples Student’s test: “Presence of depressive
symptoms was considered when GDS,; score was higher than 5 points or when GDSjs score was higher

than 10 poines.
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Meuropaychakegy of amplkd peatinty 7
aMCi paciencs @ = 21&)

Afi+ @Ml A= a4l

Cogriche dommain [m= 117 in = 99}
Meuropcychalogical e team {Sh) Pz {503) pvalue
Global cogritian

Mini-Mencal State Examiation 268 (12 276 (10 .o04 @
Hemory and barming

Digit Spam Forward, 2 soore BEI (127 .24 [1.1%) 2z

YWord Tacal Recall, 2 score .70 (153 0.9 (1.1 =0l

Logeal Memory Imenediane Free Recall 2 score 1.4% (173 0.9 [1.25) 05

Logical Memory Delayed Free Recall, 7 soore 131 (1.23) -Lel [1.25) 01

¥erhal Paired Ascociane Learning, 2 soore 1.56 [ 1.40) 0.7 (1A =i

General Information. 2 scone 034 [1.34) - 0.39 (I 28) Al
dymention e eobouve Sencmons

Digit Spam Backward, 7 sooee 06 (1.14) .04 [ 1.28) JA8a

Trail Making Tesc A tive. 2 soore 1.4% (L% 0.9 (170 054

Trail Making Test B cime.  score 157 [L54) = |.50 (L8 05

Cancellacion Task, towl, 7 score 02 (129 0.33 [ 1.e4) 138

¥erhal Semantic Fluency, 2 soore 056 [1EF) .44 [1.3% Ald
AEANTRCL rEasoRing

Raven's Colowred Progressive Marrices, z soore =039 [(142) 002 (1309 151

Incespremton of Proverbs, 7 soore 053 (L) .84 |1 58) .laz
Caleulation

Bagic Wiricten Calculiton, 2 soore 03T [1.25) 0.34 [1.4&) 27

on these memory tests still held when the groups were controlled forthe MMSE, a general
linezar mand el analysis was performed considering the distinet neuro psychological tests as
dependent variables and the MMSEsoorne as o omvanaie. A+ aMCl patiends essentially kept
poorer perormances in the same tests ax previously feund: Word Totl Becall (F = 6,181,
fro= 13y Logical Memory, Immediate Free Recall F = 3.077, p = 0552k Logical
Memory, Delayed Free Recall (F = 7651, = 001 and Verbal Faired Associate Learning
(F = 12281, 0 < 000

Regarding attention and execotive functions, there were no differences in the Digit
tpan Backward, in the Tral Making Test A, in the Cancellation Task nor in the Yerbal
semantic Fluency test; however, the AR aMCl patients perdformed significanthy worse on
the Trail Making Test B Using the Trail Making Test B over & ratio, we found no significant
differences hetween groups (= S04 Forthe A+ abCl patients, the mean value of the
matiowas 29 (580 1.1 k forthe Afi— aMCl patients. the mean was 2,950 1_2). Finally, there
were no satistically significant differences berween the two groups in the absract
reasoning amd calculation domains.

A binary kogistic regression model was lt in order to predict the amyloid status of
aMCl patients. In geneeral, the tests in which there were significant differences between
the two groups entered the model Reganding Logical Memaory, the Delayed Free Becall
measure was chosen. Onby Logical Memory Delayed Free Recall retained statistical
significance to determine the amyloid staius of aMO] patients. For each additional score
paint in the Logical Memory Delayed Free Recall zscore, the odds ratio was 00684, that is,
the probability of being A decreased by 3006% (Table 5). The resultng model comectly
claszified &d.6% of the aMO] cases regarding their amylodd status. Onby 17.7% of the
vanation in the dependent varahle (amyioid positiviey) was explained by the present
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Tahle 3. Mevropsychalogical predicoors of amsyloid posichiy

5% C. for
ExpiB}
Mauropuychologhal vess B SE Wald pwalue Expll) Lower Upper
Ward Tocl Fecall, 2 soore 0240 .46 TI0% 100 QTR 0592 1047
Logical Memory Delayed Fres Becl, O.366 172 454% 0033 Oe%4 0495 Q57
I SCone
Verbal Paired Aatociare Learning, 2 soore 0,085 155 0300 583 O%IE  GweIT 1243
Trail Making Tesc B time, z score f.114 080 058 151 QB%2  0TR3 1043

Mare. Birary hogistc regression analysis.

madel. The ahility of Logiral Memory Delayed Free Recall (z score) o discriminaie
between A and AB— a®C1 patiends was checked with a ROC curve, producing an area
under the curve (ALC) af (UG5,

Since there mdght be some redundancy inthe tests comprsing the nearopsychobogical
hattery that was applied, a principal component anabysis was pedformed. The motated
varimax component matrix podrted out 5 Gctors. OF these, there were significant
differences between A and Al— aMCI patients in faceor 2 (Memaorny Betor, comprising
Logical Memory Immediate Free Recall. Logseal Memory Delayed Free Recall, and Yerhal
Paired Associate Leaming: F = 9546, & = 00%) and in factor 3 (Executive facior,
comprisimg Tradl Making Test A tme and Trail Making Test B and Raven's Codoured
Frogressive Matrces, F = 5881, p = 0171 These resulis confirmed that Af+ and AR—
aMCl patients essentially differed in memony test as well as n executive besis.

Discussion

The main finding of the present study s that aMCT patients who are AR+ have more deficits
in general cogndtion, memeory tests, and exeowtive fmctions as compared o AR— aMCI
patienis. A few points deserve considertion.

In the first place, we confirmed that A4 aMC] patients are more impadred nomemory
tests as oomipared o A f— aMOl patients, as previoushy reported by several studies (Bahar
Fuchs ef al, 201 5; Huijbers ot ol |, 20015; Kanadel of af., 200 5%; Kim of af, 3008; Reips of ol
2017; Tomadesso of anl, 2008, 20059 Wolk ¢f e, 200 Ax patiends with 2V patienis
who ame A5+ suffer from AD (ack of @l 2008}, the observed memory deficits cormespond
o the typical cogmitive profile of AD, reflecting the hippocampal atrophy obserred eardy
in the course of the dissgse. In the present work., Word Tom] Recall, Logical Memorny
(Immeediate and Delayed Free Recallh, and Verbal Paired Associate Learning were
significantly worse in A+ aMCl patents.

The secomd point is thar we contributed to clarfy the controversiol issue whether A
aMCl patients are maone affected n executive funotions and attention. which has not been
clear from previous stuces. We showed that tests assessing executive functions., namely
thie Trail Making Test B, were more affected in AR aMCT patents. It oowlkd be angoed that
the worse performance on the Trail Making Test part B in Af+ when compared io Af—
aMICl patients was due to impairment of visoospatial abilites in the frst group. Hosever,
the chservation that there were no significant differences between the AR+ and Af— aMCI
patients in the Baven Progressive Matrices, o visuospatially very demanding test, sugpesis
that differenoes inthe Trail Making Test part 1B are probably not attribuiable tovissospatial
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difficulties. The results concerndng Trail Making Tests ane in acoordance with Kamadel of ol
(201 %y repeonts im aMC 1 patients from the ADN]cobort, who also found significanthy worse
resules inboth Tradl Making Tests im AR+ patienes. W did not observe differences in Yerhal
Semantic Fluency between A and AL — aMCl patients, simikarly as reponed in a previoons
stucly {Tomadesso of al, 28). However, another study found that Verbal Semantic
Fluency was significantly worse in A as compared to AR — aMCI patients {Kandel of ol
2015} This st study used andmal category for the task, while woe used supermarket food
items. which might explin the discrepancy of the results. Regarding attention, we found
no significant differences between the two groups in the Cancellation Task, no previous
studies having previously compared, to the best of our knowledge, AR+ and AF— abiCl
patients on this test. More studies are cerainly needed o further investigase how the
amyloid stats influences performances i different tesis of executive functions and
attention in patients with aMCL. [ should be addexd that patients with a3l who are A
showed bess global cognitive performance, albeit writhin the: nosmative mnge. assessed by
the MMSE as compared to A f— aMCl patients, probably reflecting the: more pronosunced
alteration in several cognitive domadns, particulady memory and executie functions, as
described abowve.

A third point has to de with the value of neuropspchological tests to predict the
patients with aMCl who have amyloid pathology. In the present snudy, the satisdoal
moclel counlbd only cormectly classify G4.6% of the adCl cases regarding theeir anmyloid status.
The only test that remamed in the model was the Logical Memory Delayved Pree Becall.

1t is noteworthy that in the present study, the Logical Memory Immediate Recall score
was chosen to classify patients as aMCl and the Logical Memory Delayed Recall score for
analysis, in order to avoid circularity bias. However, it could be argued that both measures
were rather equivalent. This did noe seem to be the case, as there was no significant
colllinearity between these neuropsychological test vadables, with a varanee infltion
factor value relating Logical Memony Inmedi@ie Becall and Logical Memory Delayed Recall
of 1194,

The Logikal memory Delayed Recall score prodheced 3 mosdiese AUC (006533 In a
previous stucy in 2O patients, the 30-min delbyed recall score of the Rey Auditory Yerhal
Leaming Test was the best predictor of AR status among the psychometric tests, bt it
produced an AUC of onby 067 (Kandel ef al, 20015, Using a 16word list, Tomadesso of ai.
(2018} calculated slightly better AUC values for the free recall (0073) and recognition
(0. 74) tasks in classfying the adC] cases according to the amyloid status. It thos seems that
neurapsychakegical tests have a imited ability to identify the aMCl ases who are A and
thiose whoare AR —, notattaining the values of 809 recommended for AD biomarkers (The
Ronald and Mancy Reagan Besearch Institute of the Abdheimer's Association and the
Mational Institute on Aging Working Group, 1998 Of course, these results do not exclhede
that neuropsychological tests could add predictive value to determine the amyloid stagos
in conjunction with other clinical or neuroimaging biomarkers

Finally, the miriguing question of the aetology of aMCl cases whao are Af— cenain
meits further research. Depressive sympioms woere nat more frequent in Af— than in AR+
aMCl patients. Patients with history of stroke or rebevant cerebrovascular disease in brain
imaging were exchuded in the present study. [ is possible that A — aMCl patients might be
at am imdtial stage of 3 neunedegenerative disorder other than AD, for instance
frontotemporal dementia or the Lewy body dementa—Parkinson's disease contimem
(Yeetal, 2014} Tobe sure, along fdlow-up of these Af— a®{O patients might be needed.

The main strength of this sudy i that i was carmed out in the context of a rpe
prospective oohant, in which the participants undersvent comprehensive standardiced
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neuropsychological assessment. Several limitations of the study must be recognized.
Participants were patients who attended 2 memory clinie or a general hospetal outpatient
clinic, and the findings may not applicable to different clinical settings. Certainly, only 2
proportion of patients with aMCl undergo a comprehensive AD biomarker workout, and
these are probably different from those patients with aMCl who do not.

In coacluson. the neuropsychological assessment remains an essential step to
diagnose and characterize patients with aMCI. However. neuropsychological tests have
limited value to distinguish the aMCl patients who have amylowd pathology and AD, from
those who might suffer from other clinical conditions.
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Abstract.

Backgreand: Dizgnosss of Alzheimer’s diseise (AD) contirmad by blomarkers allows the paticst w0 make importase Ufe
decisions. However, douite about the flectaess of svmptoms progressiom and futare cognitive decline remans. Neuropsycho-
logical m were extessively studied an pradicuion of tine 10 canversion 10 demessia for midd cognitive lmpaiment
(MCI) paticnts in the ahsence of biomarker infasmation. Similar nearopsychological measures muight also be useful w predict
the progressiom 10 dementia in patients with MCl due 10 AD.

Objective: To study the comtribetion of nearopsychological measures 1o predict tme 1o comversion to demestia in patients
with MC1 due 10 AD.

Methods: Patsents with MCI due 5o AD were eagolled from a clinkcal cobsont and the effect of newropsychological perfomaance
om e 10 comvenion 10 dementia was analyzed.

Results: Ar baseline, conversers scored lower than son-comventers ar measures of verbal imgiative, non-verbal reasoning,
and episodic memory. The test of mom-verbal reasoning was the only statistically sigsaficant predicsor in a meltivaniate Cox
regressiom model. A decrease of ane standard deviation was assocised with 29% of lacrease in the nisk of coaversion 1o
dementia. Approcmasely S0% of paticsas with more than one standard deviation below the mean & the » scoe of that test
had convered 1o dementia after 3 years of follow-up.

“Corsespondence b Dirn Saha, Inwingo de Farmacokogia ¢ Liskoa, Avenids Peof. Egas Momiz, 1649028 Lisbou, Ponugsl
Newoodacss, E&ficio Egao Monis, Facddade de Modicing de E-euil: Snaia® mul pt
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Canclushn: [n MO dee oo AD. lower perfonmance in o westof non-verbal ressoning wis s iated with time o oorversion ie
demeniia. This test. that reveals linile dacling in the sarlier pheses of A D, sppeors (o convey imporo sformation concerning
COversion o dementin

Eeyvwonds: Alrheimer's disesse (AD), amyviosd-B. cognizive mmpammeent, dementia, madd cogadtive impairmess due o AL,

neurnpsychodogical assessment, prodromal ALY, Raven Coloured Progressive Mmnices

INTRODUCTION

MNowadayx, the development and clinkcal appli-
cation of biomarkers has dramatically changed the
framewark of Aldbeimer's disease (AD) diagmo-
sis. [t is nonw possible o diagnose AT 3t an eardy
pre-demeniia stage, that ix, before the patient hos
symploms severe enough o be considered demented
[1. 2]. Different diagnostic criteria with slight differ-
ences were advanced, mmely prodromal AD [3-5]
and mild cogmitive impairment (MCDH dee o AD
[6]. that rely on hiomarkers reflecting pathological
alterations in the brain typical of AD, namely: 1}
decline in episodic memary, confirmed by neuropsy -
cholegical testing, 2) atrophy of the hippocampues
and other medial temporal kobe structures shown by
magnetic resomance imaging, 3) detection of abnor-
mzl cerchrospinal fluid (CEF) biomarkers. namely
low amyloid-f§ {AR)e concentrations, increased
phiosphorybded tan or iotal tasn concemtrations, £
abmormal brain deposits of AR and o, = well
® reduced glucose membolism in emporoparietal
regions, by positron emission tomography (PFET
scan). The use of hiomarkers for diagnosis of MC1
due 1o AD quickly spread o AL reference cenbers
[7] amd more shuggishly to routine clmical practice.

Uncertxinties remain abo the possible henefits
and disadvantages of cbiaining and commmmicating
a specific diagnosis of prodromal ALY or MC1 due
o AD, 1o an mdividual patient. On the one hand,
it should be relevamt for the patient to make Life
decizsions amd prepare the near fishere, emgage in a
cognitive rehabdlilabion program, start appropriste
pharmacological therapy, and eventmlly participate
im a climical trial. On the other hand, @t might wpset
patients and caregivers. leading o emotional dis-
tress amd concems about progression of symploms
and the fleetness of fuure cognitive dechine [8]. One
impaoriant present lmitation of ohizining and oom-
mumnicating a specific dizgnosis of MOl due to AD =
that the actuall pace of disease progression, attainment
of important climical milestomes, and in panticular
comversion (o dementia, are presently impossible to
predict in am individual basis. This point could not

be made more clearly than by the patient™s sentence
when neceiving the diagnosis of MC1duoe o AD: Fes,
T hope for the best. It will defimitely evolve, T dow's
thirk i will stay ke that, b s that within 5 vears?
[8].

Importantly, prediction of Gme o comversion o
dementia has already been extensively studied in
MCT without the mformation of biomarkers, namely
using neuropsychological assessments. These shadies
showed that memary tests, as well & executive func-
tiom and verbal Auency besis, are able to predict with
aocuracy. the lime 1o comversion to dementia [9-25].
We hypothesize that simalar neuropsychological mea-
suresomay akso be useful io predict the progression
o dementia in MCI due 10 AD. 1t should be very
impariant o provide the individual patient diagnosed
with MC1 duse o AD with reliable information on the
prediction of stability or comversion to dementia at a
climically relevant Gme wimdow.

METHODS

Participants

A cohort of 232 patients who attended meurodogic
comsultation in a privale memory climic in Lishon
(Memoclinicay and Coimbra University Hospital, in
Coimmbra, from 3N to 2017, performed a com-
prehensive neuropsychological evalmtion amd were
tested for biomarkers of braim amyloidosis and neu-
mamal injury. From these, 127 had the dizgmosis of
MCT due #o AD amd were included in the present
study. Patients had to have associated follow -up infor-
mation and 1o be followed for at least ome year, thes
oaly 110 patients were analyzed for the present study
(Fig. 1)

Erhical piidelines

The study was condwcied i accordance with the
Declamtion of Helsinki. amd the local ethics commit-

tee approved the study. All patiemts provided their
written informed comsent before any procedure.
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Hagrosic crilersa

The dizgnostic crileriz of MO dse 0 AD, 2=
proposed by the National Instinde om Aging -
Abrheimer’s Assocition workgroups [6], offer the
masl accuraie prognosis in clinkcal seitines [26].
Specifically, the criteria of MCI dee to AD-High
Likelihood [6] were considered in the present study
since they provide the highest degree of certainty that
the patient will progress to AL dementia:

1. Clinical amd cognitive criteria
a. Cognitive concern reflecting a chamge i
cagnition reporied by patient, informant,
ar climician
k. Ohjective evidence of impainoentin one
ar mare cognilive domainss bypecally

a: High CSF 1otal tau or hyperphosphorylabed tam,
andifor

b, Medial emporl amophy by volumelric mea-
sures or visual rating, and/or

& Temporoparnieial bypometabalism by FDG-PET
Imagmg

Baoth sources of amyloid stalus (C3F and Pili-
PET) were comsidered imterchamgeable simce a
high agreement between Afs concentralions
the C3F and amyloid PiB-PET scan resubis i
MCT and AD patients was confimmed by previ-
e siudies [27). All procedures were performed
accarding to the established protocols on participats
img centers [28-3Z]. The levels of Afyz, iotal @u
(t=tzu), amd hyperphosphorylated tan {p-tan) were
measured usimg commercially available enzyme-
linked immumasorbent assays (INNOTEST® AR42,

including memory INNOTEST hTAU Ag and INNOTEST PHOSPHO-
€. Preseration of independence in func- TALUY181P); Innogemetics, Ghent, Belgium). The
tional abilities

d. Not demenied
2. Etiology of Ml consisient with AL pathophys-
inlogical process
a. Vascular, raumatic and medical canses of
cagnitive decline were mbed out
k. Evidemce of longihsdinal decline im cogmi-
tion {when feasiblz)
3. Biomarkers of Al deposition
a. Low CEF ARy andior
k. Pasitive amylosd PiB-FET imaging.
4. Biomarkers of neuronal injury {21 least ome
present)

expected sibe assay variability present im multicen-
ler shedies was acknowledged |[33] and positiviky
was determined using locally available cot=off values.
Amyloid PET =cans used the Pitshurgh Compound
B (''"C-PIBE) and were performed in the same scan-
ner (Philips PET/CT Gemimi GXL), preceded by a
low-dose braim computed omegraphy (CT ) acquisi-
lBom for allenmation correciion {Imstitute of Noclear
Science Applied 1o Health, ICNAS, University of
Combra). PiB-PET images were classihed o any-
loid positive or megative baxed on a suppon vectar
machines {5V M) local dassifier, which uses the voxel
wise brain grey matter standardi zed uptake value ratio
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(SU%R} and the cerchellar grey matter as reference
region [31].

Comversion fe demerntia

Al follow-up, the patients were classified a=
“nom-comverter” if the diagnosis persisted until last
muzssment or “comverler” in the presence of a
dementia dizgnosis  esizhlished according 1o the
[¥SM-I%-TR |34] criteria. in a comsensus meebing
with the ieam of neurnlogists amd neunopsychologists
that fiolbowed the patients.

Neuroprychalagical assersmernt

The haszline amd follew-up comprebensive neu-
mpsychodogical assessment was carmied out by the
same ieam of rained peurppsychologists, following a
standard prolocol and comprised the following instru-
ments and scales:

# Mimi-Mena] Stale Examination ({MMSE) [35,
36) = the MMSE is a briel screeming mstrument
1o assess g lohal cognitive performance. The Por-
heguese versiaon was applied, and normative data
was =27 for mare than || years of education amd
%22 for 11 or less years of education | 36].

# Battery of Lishon for the Assessmemt of
Dementia (BLAD) [37, 38] - the BLAD isa
comprebensive neuropsychological baltery that
includes some tests from the Wechsler Memory
Scale [39] and has been validaled for the Por
teguese population. This battery includes tests
for the following cognilive domains: atention
(Cancellation Task): werbal initiabive (Seman-
tec Fluemcy |, mobor and graphomotor initiakives;
verbal comprehension (a moedified version of
the Token Testy; verbal and momsverbal rea-
soming  (Interpretation of Proverhs amd  the
Raven's Codoured Progressive Matrices - Ah
series | arientation (Personal, Spatial, and Tem-
poral Grientation); visuo-constructional abilies
(Cube Copyl; planming and visuospatial/praxis
abilities (Clock Draw); caloulation (Basic Wt
tem Cakoulation); immediate memory (Digit
Span Forwardl; visual memory {Visual Repro-
duction Test); working memory (Digit Span
Backward); lkeaming and verbal memory (er-
bal Paired- Associste Learning. Logical Memory
and Ward Recall).

# California Verbal Learmimg Test (CWLT) [40,
41] « the CVLT measures verbal learming and

e
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msesses constnacts such as repetition learming,
serizl position effecis, semantic orgamization,
imtruzian., and proactive interference. The word
lists (List A and List B} are made up of 16 items
from 4 differemt categories of “shopping list™
itemms. The trial of inlerest (better discriminating
ahility for differemt stages of cogmitive decling )
[42] considered for the present study was the
iotal mumber of words from List A cormecily
recalled on the fird 5 leaming mials (CYLT 5
Triaks Todal Recall).

# Trail Making Test (part A and part B) [43. 44)
« the TMT task measures sustaimed attenbion,
visusomptor processing speed (part AL visuospa-
izl working memory and cogmitive flexibility
{(part Bj. The part A comsists of 25 cincles mum-
bered I -25 distributed over a sheet of paper and
the patient should draw lines o connect the mum-
bers in ascending order. In Part B there are 25
circles as well. but the circles include both mum-
bersi | =13) and ketters { A=A and the patient b
tmdraw lines 1o conmect them all in an ascend-
img patiern with the added task of alernating
between the numbers and letters (e, LoAs2B.
3=, eic.).

# Geratric  Depression Rating  Scale (GDS)
[45=4T] = the GINS & a self-report mstrumend
uszd specifically i identify depressive symp-
iomainlogy in the elderdy. For this shedy, a
Portugwese version of a shori fom (15 ibems)
was applied [47].

# Subjective Memory Complaints Scale (SMC)
[4E, 49] « the SMC scale comprises 10 individ-
ual questions for the assessment of subjective
memary complaimts, with tolal scores ranging
from O {absence of complaints) o 21 {maxinmal
complaints scome.

# Blessed Dementia Rating Scale (BDRS) [50,51]
« the BIES is a brief behaviaral scale based on
the interview of a close informant. This scale
is composed of X2 items that address daily kife
activities, habits and chamges in persomality.

Seativhical analyeis

For baseline comparson of demographic and clin-
ical data between groups the Stodent™s ¢ test amd
Pearson s xl test were used, for numerical and mom-
imal data, respectively. All tests were 2-ailed and a
pevalue <(L05 was assumed to be siadstcally sig-
nificant. The neumpsychodogical assessments were
standardized acconding 1o the age and education

*3

<

UNIVERSIDADE

DE LISBOA

117



NOVA

MEDICAL
SCHoOL
FACULDADE
DE CIENCIAS
MEDICAS

It Salvo o ol Nesymnecbodsgaal Frognests in BT D o A

norms for the Portiuguese population |37, 38] and 7
scores were caloulated. The comparison af newrmopsy -
cholegical resulis between the group that progressed
o dementia during follow-up and the group the
remained with MCl was conducted using Student’s
f tesi. To explore the effect of impairment in mea-
mpsychodagical tests on the time (o conversion o
dementia durimg follow-up, frst the proporisomal
hazards assumption for reuropsychological predic-
iors wis desied by adding time dependent covariabes
limteractiion of prediciors and a function of servival
time) and then 2 Cox Proportional Hazanls Regres-
siom model was conducied. The hazard or nisk of
oomversion 1o dementia for the newropsychologi-
cal testx that were significanily different betaseen
comverter and nom=Cimverier groups was oompuoied.
Time 1o evesd was caloulabed as the interval From
the imitial baseline evaluaibon 10 the diagmosis of
dementia. For coses that remaimed mon-demented,
ttme was cemsored al the daie of the last cln-
icalneuropsychological assessment. Kapln-AMeier
murves analyring the incidence of dementia accord-
ing to the 7 scores of the lowest and the highest
tercile were depicted. For comparizon of curves, we
opted for the Gehans Breshva st since one group bed
a higher risk of conversion due to the significanmtly
lower cognitive perfommance ai baseline.

Saatistical analyses were performed using 1EM
SPSS Bmtistics 25 for Windows (2017 SPSS Inc.,
an IEM Company) package.

RESULTS

Une hundred and ten patients with MCT dwe to
ADD were enrolled. During the follow.-upperniod
(2.6% 4 | 56 years for converters and 267 4= 139 for

e
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nom=comveriers ), Gl patienis (55.5%) progressed o
dementia and 49 (44 5% ) did not. Demographic and
clinical dala are repored in Table 1. The comvert-
ars at the baseline asessment were younger than
the mom-converters; however, for mean folkew-up
timez, education level, gender, depressive sympioma-
imlogy, cognitive complaints, and mdependence a1
daily activities, no slatistically significant differences
were found (Table 1)

The resulix of a comprehemsive neuropsycholog-
ical assessment showed the presence of mmpairment
(7 score<=| ) i measures of attention and executive
fumctions (Trmil Making Test A amd B}, oriemia-
tiom, verbal leaming and episodic memory {Word
Recall; Logical Memory immedivie recall; Logi-
cal Memory delayed recall; Verbal Paired- Associate
Learning: California Verbal Learming Test 5 Tr-
als Toial Recall) for both groeps. In a measure
of language comprehension {Token Testl only the
comverters showed impxirment. Moreover, comeerns
ars soored significamtly lower than mon-converters
al measures of verhal mitiative |Semantic Fluency),
nons=verbal ressoming (KEaven's Coloured Progressive
Matrices), amd episodic memory (Logical Memory
immediate recall ). Noleworthy, a trend toward sta-
tistical sigmificance was foumd far the delayed recall
oondition of the Logical Memory test with converiers
scoring loaver than non-comverters at baseline assess-
ment {Table ).

A multivariate Cox proportional hazards regnes-
siom model was applied 1o identify the independem
prediciors associated with time o comeersion. The
propodtional  hazards assamption was tested for
each predicior (Age: Harard Ratio [HR]= 1020,
Cl: 0901052, p=0192; Semmbc Fluency:
HE=0965, CI: 0SM-1.159, p=0T7H. Logi-
cal Memory (immedisie recall): HR=0.581, CI:

Taahlke |
B line: demmgraphic and clinscal chasselormlics of aoe-corveicr aml comeriess
Mom-tumercr i rier ®
m=40 a=hl
A al firdl ssscvimenl v, meam {50 ML B Zp 654 (0.3 <L "
Fermial cduaizon, ¥, mcim | SN BOLT 4B NE (4.E) (LR ]
Cerder. Temaledmale, n IR73 ST 1.0
Fadliorw- g i, y, micsm (S 27414 ET7il.A) (LRl ]
Tamee between: ons] off symplone: snd firl 24115) LI{LI) BEME
reuripaye helogical seesamenl, mean (S04
Crerminic Depecussn Scale, scan (S0 S034 50 i4.5) 420
Sebjective Memory Complaiats Scale, cm (51N P03 4R DT 4.0} 1R ]
Blesssd Devmenlis Bating Scale, mcsn (500 YR LA{Lm 52K
Mire-Memtal Slale Examanalion, s (S0N 2H4(12) 5 124) e

e companisims wers perfomed with peamekie Studonl’s f sl o 7" Peansm 11 when appropeiate” §; " Sidisticdlly signili-and p 008

B0, slanddied devislioe y, o
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DNgal Span Bakeand LG (R ~uF (1 2 438 a2
Clenli D Qns fL4ay -DLET (153 Ilk e |
Teall Making Tesl A =130 (1.Te® =136 (LES LEHH i
Teall Mlaking Tes1 B —La7 (LE" LAY (0.7 LT K] - 1R
w inilzaline
Sermanlic Flues-y 07 {133 -S| 1 4R) [TIE 0%
eliker lrnlzieve X7 {130 ~0UTi 1) IR an
Craphamatior Initistive QL% (TR -0, 13 1 1040 BAET L]
* rsming
Raven Colonirel Progressive Malnos 0ns {106y ~ual] 43 LD LI |
Imlerpretaizen of Proverbs O35y 034 (LLEZp Il azl
» oricnLalion
Fersiresl, Spaizl s Temgporal Ovicniaien -3 (245" = B3 [2.35)" LEdR L
» calculslion
Eixia: Wialten Caleulatssn AT {110 -EF(LIT) PR g
» v vmr=rnslruclionul abililic.
Cube Copry 154 (1.95) 133 (137} uaSh all
.
Tollien Test 5L 10T (LET AT 03
s mimury amnd karming
WVisial Reprod stz 145 (1. M0y OSE () 150 am
DNgal Bpan Farwand QLS5 (1.30) QAT (L3 a2 0
Word Fevall 125 (|4 =137 (L5 LLi k] 0is
L] Blcrmiary { insticaliale redalll) —LIT(R13" -larinsy [ 05
L] Mllenmary § delayed recall] T —Lad e [RLILT] Lkt
Fq:l.Li.nshhn"" =1 23raay 1M 2T Ik 0%
Verbul Faired- Asarciale Lesmnag —LEE (11" 1SR (DA 130 02
CVLT 5 Trmaks Tobsl Recall Pl ~1ED (5 [FLiEk 042

Meani of ¢ seorcs caliulsled socimdmy by the egualion [ = (v VSI]; Gnop comparnisoms were performad with mdependenl canples
Sudent’s  beal *Siatisiscally smpafaanl e 005, *Fresmos o dmpeirmcnl [z u.tl'rhd-]l."lfm'!:ll.i! Enade = [ILM delayed secall LM

mumedizate VLWV ammediste)]® V0. CWLT, Californis Verbal Lesming Ted

(E3d=1.155, p=0LE2 |; Raven Colowred Progressie
Matrices: HRE=1217, CI: 1.005=1.475, p={d5).
Unly the climical and newropsychological measmres
thai differentisie the groups were mcluded 2= predic-
iors. In the first model, only the climical predictor
izge] by the method enter was included. Age ai
baseline was mot associated with time (o event (con-
version io dementia). Nenropsychological prediciors
were subsequenily subjecied io mulivariate Cox pro=
portional haards regression analysis (Tahlz ). The
Eemaniic Fluemey waz added to the mode] and was
a significant predictor (HR =0.762, Cl: (LA34-0.914,
p=0004), whereas the Logical Memory (immedi-
ale recall) in the presence of Semantic Fluency did
noit reach significance as predictor (HE = {00852, CI:
0T 1031, p=0.09%) (Table 3). However, the Log-
ical Memory (immediate recall) was a significant
predicior if entered first in the model {data not shoam
in Tahle 3; HR =0.797, CI: 0.663-0957, p={L015).
When the Raven Coleared Progressive Matrices was

added i the model, the other prediciors Jost their
sigmificance (Semantic Fluency: HE=0.835 CI:
E%]= LA, p=(U062; Logical Memory (immedi-
ate recallj: HR =0.898, CL: (.738=1.092, p={1.28]).
In the final model, only the Raven Coloured Pro-
gressive Matrices, a test of non-verbal reasoming,
remained sigmificant as a predictor of Gme o cons
werston o demeniia (HR=0.712, CE (.566-0.804,
p=0004). A decrease of one unit (7 score ) in Baven
Caloured Progressive Matrices was associated with
8 IO incrense in the rigk of comversion i dementia
(Table 3).

For the Kaplam-Meier curves, the comparisom
was between the highest and the lowest ferciles
of the Raven Coloured Progressive Matrices scomes
io assess the differences m tme o comversion o
dementia. Because at baseline both groups showed
normative results, the presemtation of Kaplan-heier
murves oomprised the lowest and the highest ter-
ciles, instesd of mmpaired and unimpaired © scones,
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