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ABSTRACT

Dementia and its most common cause Alzheimer’s disease (AD) are global health
challenges. With no cure in sight, strategies to prevent or delay dementia onset in at-
risk individuals are urgently needed, and multidomain interventions targeting
multiple risk factors and mechanisms may be warranted. Several randomized
controlled trials (RCT) are ongoing, but their optimal design and conduct are unclear.
This thesis used data from three large, completed, pioneering prevention RCTs and
a memory clinic, with the aim to offer insights into the selection and engagement of
target populations in prevention RCTs. The aim was to assess the response to a
multidomain lifestyle intervention in subgroups of participants to understand who
benefitted the most (I) and investigate older adults” knowledge of dementia as well
as their motivation and attitudes towards prevention and RCT participation (II, III).
In addition, risk factors, biomarkers, and research criteria for AD were explored and
their impact on disease progression was assessed in two cohorts (IV, V).

Studies I-III included participants of the 2-year Finnish Geriatric Intervention
Study to Prevent Cognitive Impairment and Disability (FINGER) RCT (N=1,260) and
the multinational Healthy Aging Through Internet Counselling in the Elderly
(HATICE) eHealth RCT (N=2,724). These subjects did not have significant cognitive
impairment but were at risk based on their cognitive performance and/or other risk
factors. In FINGER, participant baseline characteristics, including age, sex,
socioeconomic status, cognitive performance, and vascular risk factors, were studied
as modifiers of the intervention effects on cognition (I). In HATICE, the reasons for
participation were studied in all 3 countries (Finland, France, the Netherlands) before
randomization with a questionnaire (N=341), followed by semi-structured interviews
(N=46) (II). A subset of interviews were analyzed in Study III (interviewees who
introduced the topic of dementia, N=15). Studies IV and V included individuals with
mild cognitive impairment but no dementia. Study IV focused on a sample of
Karolinska University Hospital memory clinic patients (N=318) with normal
cerebrospinal fluid (CSF) B-amyloid (A[342) based on the cut-off values used at the
clinic (low Ap42 typical for AD), while Study V included participants of the



LipiDiDiet RCT with International Working Group-1 (IWG-1) defined prodromal
AD (impaired memory + one or several AD biomarkers; N=311, N=287 in the thesis).
In the memory clinic cohort, biomarkers and other characteristics, including vascular
factors, were studied as predictors of dementia (mean follow-up 3 years) (IV). In
LipiDiDiet, the utility of ING-1 as selection criteria was studied by classifying the
participants according to more restrictive criteria IWG-2, National Institute of Aging
and the Alzheimer’'s Association (NIA-AA) 2011, NIA-AA 2018) (V). The 2-year
cognitive/functional decline and progression to dementia were also assessed.

In the FINGER RCT, participant characteristics did not modify the response to
intervention. Similar cognitive benefits were observed in the whole population,
indicating that the intervention can be implemented in a large elderly population at
increased risk of dementia. In the HATICE RCT, contributing to research, improving
lifestyle, and receiving medical monitoring were identified as the most important
reasons for participation. Interviews suggested some between-country differences
(e.g., altruism emphasized in France, health checks in Finland). Having a family
history of dementia or other first-hand experience was a recurring theme in the
interviews. This was linked to increased awareness of dementia, yet uncertainty
about prevention. Concerns over own health and risk were expressed, and those with
a family history of dementia were highly motivated to enroll in HATICE and
improve their lifestyle. In the memory clinic cohort, 38% developed dementia (mostly
AD), and lower AP within the normal range was associated with a higher risk. A3
improved the prediction based on age and cognition; applying a higher cut-off for
abnormality did not affect the results. Most other factors did not predict dementia or
improve the basic prediction. In the LipiDiDiet RCT, where brain atrophy was often
the only biomarker available at screening, most participants with centrally analyzed
CSF at baseline met the more restrictive AD criteria (e.g., 64% with NIA-AA 2018 AD,
A+T+N+ profile). The dementia risk increased with increasing biomarker evidence.

This thesis offers new insights into dementia prevention in different at-risk
groups and informs the design, recruitment, and conduct of future RCTs. This is
important given the current methodological challenges and disappointing results of
RCTs. The results support the use of the FINGER model and selection criteria in RCTs
with a similar design. Understanding older adults’ expectations and motivations to
participate in RCTs will help design interventions that are perceived as attractive by
the target populations. Regarding prodromal AD, less restrictive criteria work well
in participant recruitment, and their use in certain RCTs could be preferred due to
feasibility. In memory clinic patients, A within the normal range may not rule out
AD and risk of dementia could still be high. Future research is needed to understand
if there is a window of opportunity for preventive interventions in this population.

National Library of Medicine Classification: W 84, WT 101, WT 104, WT 155, WT 160
Medical Subject Headings: Alzheimer Disease/prevention &  control; Cognition;
Dementia/prevention & control; Aged; Biomarkers; Health Behavior; Healthy Aging; Life
Style; Motivation;, Risk Factors; Qualitative Research; Patient Participation; Patient
Selection; Randomized Controlled Trials as Topic; Research Design
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TIVISTELMA

Muistisairauksiin kuten Alzheimerin tautiin (AT) ei ole parantavaa hoitoa, minka
vuoksi on tarkeda tutkia ennaltaehkdisyn tai taudin hidastamisen mahdollisuutta eri
riskiryhmissa. Talla hetkella tutkitaan erityisesti sellaisia ennaltaehkaisevia
interventioita, jotka kohdistuvat samanaikaisesti moneen eri riskitekijaan, mukaan
lukien elintapoihin. Eri riskiryhmien tuntemus on kuitenkin puutteellista, ja on
epadselvaa keille interventiot kannattaisi kohdistaa, millaisia niiden tulisi olla ja miten
ikdihmiset ja osallistujat itse suhtautuvat ennaltaehkdisyyn ja tutkimuksiin. Tassa
vaitoskirjassa hyoddynnettiin  kolmen laajan, uraauurtavan ennaltaehkaisy-
tutkimuksen sekd muistipoliklinikan aineistoja. Tavoitteena oli selvittdd, ketka
hyotyvat eniten ennaltaehkdisevastd elintapainterventiosta (I), mikd motivoi
ikdihmisid osallistumaan tutkimuksiin (II) ja miten tietimys ja asenteet
muistisairauksia ja ennaltaehkdisyad kohtaan vaikuttavat motivaatioon (III). Tyossa
tarkasteltiin liséksi erityyppisissa riskiryhmissa AT:n riskitekijoitd ja tautipatologiaa
kuvastavia biomarkkereita (mukaan lukien uusia biomarkkereihin pohjautuvia AT:n
diagnostisia tutkimuskriteerejad) sekd niiden yhteyttd taudin etenemiseen (IV, V).
Osatodiden I-III tutkimusjoukko koostui suomalaisen FINGER- (N=1260) seka
kansainvalisen HATICE-tutkimuksen osallistujista (N=2724), joilla ei ollut muisti- ja
ajattelutoimintojen eli kognition heikentymé&a mutta joiden muistisairausriski oli
kohonnut. FINGER-alaryhmadanalyysissa selvitettiin, vaikuttivatko tutkittavien ika,
sukupuoli, koulutus- ja tulotaso, alkutilanteen kognitio tai sydén- ja verisuonitautien
riskitekijat kaksivuotisesta elintapainterventiosta saataviin hyotyihin (I). HATICE-
tutkimuksessa kartoitettiin kyselylld syitd osallistua Internet-pohjaiseen elintapa-
interventioon Ranskassa, Hollannissa ja Suomessa (N=341), ja osaa vastaajista my0s
haastateltiin (N=46) (II). Osatyossa III analysoitiin ne haastattelut, joissa
muistisairauksista keskusteltiin haastateltavien aloitteesta (N=15). Osatoiden IV ja V
tutkimusjoukko koostui henkildistd, joilla oli jo lievaa kognition heikentyméaa mutta
ei dementiaa. Karoliinisen instituutin muistipoliklinikalla toteutetussa osatydssa (IV)
tutkittiin niita potilaita, joilla oli tyypillisestd AT:sta poiketen normaali 3-amyloidin
(AP) pitoisuus likvorissa (N=318), kun taas LipiDiDiet-tutkimuksen osallistujilla



(osatyd V, vaitoskirjassa N=287) oli IWG-1-tutkimuskriteerien mukainen varhainen
AT (muistin heikentyma + jokin AT:iin liittyva biomarkkeri). Muistipoliklinikka-
kohortissa tutkittiin, miten AT:n eri biomarkkerit ja muun muassa sydan- ja
verisuonitautien riskitekijat ennustivat dementian kehittymistd keskimaarin 3
vuoden aikana. LipiDiDiet-kohortissa IWG-1-kriteerien kayttokelpoisuutta
tutkittavien valinnassa arvioitiin luokittelemalla osallistujat IWG-1:td tiukempien
tutkimuskriteerien mukaan (IWG-2, NIA-AA 2011, NIA-AA 2018) ja tarkastelemalla
kognition ja toimintakyvyn muutosta sekd dementian kehittymista 2 vuoden aikana.

FINGER-tutkimuksessa kognitio parani enemman interventio- kuin verrokki-
ryhmidssd koko tutkimusjoukossa, tutkittavien alkutilanteen ominaisuuksista
riippumatta. Elintapaintervention vaikutukset eivét siten kohdistuneet ainoastaan
tiettyihin alaryhmiin, vaan siitd oli hyotyd laajalle joukolle ikdihmisid, joilla oli
kohonnut muistisairausriski. HATICE-tutkimuksessa halu auttaa tiedettd, parantaa
elintapoja tai saada terveysseurantaa olivat tarkeimmat syyt osallistua. Hieman eri
seikat korostuivat eri maissa (Ranskassa auttaminen, Suomessa terveysseuranta).
Haastatteluissa, joissa keskusteltiin muistisairauksista, sukurasite oli keskeinen
teema. Se kytkeytyi muun muassa sithen, kuinka kattavaa tietimys muisti-
sairauksista oli. Ennaltaehkdisyyn liittyi epdvarmuutta ja epétietoisuutta.
Haastatteluissa korostui huoli omasta terveydestd ja sairastumisriskistd, ja
omakohtainen kokemus muistisairauksista motivoi osallistumaan tutkimukseen ja
parantamaan elintapoja. Muistipoliklinikkatutkimuksessa 38%:1la potilaista todettiin
myShemmin dementia (usein AT) ja alhaisempi, vaikkakin viitearvojen perusteella
normaali, AP oli yhteydessd korkeampaan riskiin. AB my0s paransi ikdan ja
kognitioon perustuvaa ennustemallia toisin kuin useimmat muut tekijat. LipiDiDiet-
kohortissa, jossa hippokampuksen surkastuminen oli usein ainoa kaytettédvissa oleva
biomarkkeri tutkimuksen alussa, my6s muut biomarkkerit osoittautuivat jalkikateen
analysoitaessa AT:lle tyypillisiksi ja suurin osa tutkittavista taytti tiukemmat AT-
kriteerit. Mita selkeampi AT-biomarkkeriprofiili, sitd suurempi oli dementiariski.

Viitoskirjan tuloksia voidaan suoraan hyoddyntdd uusia muistisairauksien
ennaltaehkdisytutkimuksia suunniteltaessa. Tulokset tukevat ensinndakin FINGER-
interventiomallin ja tutkimuksessa kaytettyjen sisddnottokriteerien soveltamista
muissa samankaltaisissa tutkimuksissa. Ennaltaehkaisytutkimuksiin kohdistuvien
odotusten sekd osallistumiseen vaikuttavien syiden ymmartaminen puolestaan
auttaa suunnittelemaan tehokkaampia ja kohderyhmien nakoékulmasta mielekkéita
interventioita. Varhaiseen AT:iin liittyen tulokset osoittavat, ettd kaytannollisemmat
ja valjemmat sisddnottokriteerit saattavat soveltua hyvin tiettyihin tutkimuksiin.
Liséksi selkedn Ap-patologian puuttuminen ei vélttamatta poissulje varhaista AT:ia
vaan dementiariski saattaa silti olla kohonnut. Jatkossa tulee selvittdd, millaisia
interventioita tille potilasjoukolle voisi kohdistaa.

Yleinen suomalainen ontologia: Alzheimerin tauti; dementia; muistisairaudet; ikidntyneet;

ennaltaehkdisy; viskiryhmit; riskitekijit, elintavat; terveyskdyttiytyminen; markkerit;
satunnaistetut vertailukokeet; kliiniset kokeet; kvalitatiivinen tutkimus
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1 INTRODUCTION

Dementia is an enormous global health challenge. According to the World Health
Organization (WHO) (2018a), this progressive syndrome characterized by severe
cognitive and functional impairment was the fifth most common overall cause of
death in 2016. In the older population segment, it is a major cause of disability,
institutionalization, and death. Dementia affects around nine million individuals in
Europe and 50 million individuals globally, and these numbers have been estimated
to double in Europe and triple worldwide in the next 30 years (Alzheimer’s Disease
International, 2019; Alzheimer Europe, 2020). This is due to population aging, both
in Western and in low- and middle-income countries.

The development of disease-modifying therapies and a cure for dementia has
been a research priority for decades. The focus has been primarily on Alzheimer’s
disease (AD), which is the most common underlying cause of late-life cognitive
decline and dementia. So far, attempts to develop effective disease-modifying drugs
have yielded little success. A key problem has been, and still is, the incomplete
understanding of biological disease mechanisms. The definition of AD as a complex
disease continuum is also relatively recent. AD does not equal dementia, but
dementia is the endpoint of a gradual disease process that starts long before the onset
of noticeable clinical symptoms (Dubois et al., 2007; Jack et al., 2010). In individuals
with AD-type brain pathology but no cognitive impairment, the duration of this so-
called preclinical disease phase has been estimated to be 8-13 years, depending on
age (Vermunt et al., 2019a). The duration of the subsequent prodromal phase with
mild symptoms has been estimated to be approximately four years, totaling 12-17
years before the onset of dementia (Vermunt et al., 2019a). With the newly
proposed —and much debated —research diagnostic criteria for AD, the clinical and
biological AD definitions have been separated (Albert et al., 2011; Dubois et al., 2007,
2014, 2016; Jack et al., 2018; Sperling et al., 2011). Redefining AD has major
implications, not least on prevalence estimates. When also asymptomatic individuals
are considered, the prevalence of AD may be three times higher in old age than
previously estimated based on clinical diagnosis (Jack et al., 2019a).

This paradigm shift has also implications for randomized controlled trials (RCT)
and interventions, and RCTs for AD treatment have become RCTs for dementia
prevention. Trials target earlier disease stages with the aim to prevent or delay the
onset of clinical symptoms or the worsening of existing symptoms, to ultimately
prevent or delay dementia. Trials are also becoming increasingly complex to address
the biological and clinical heterogeneity of late-life AD and cognitive impairment.
Importantly, much like in cardiovascular disease (CVD), there is compelling
evidence for the role of different vascular, metabolic, lifestyle-related, and other
modifiable factors as risk and protective factors (Livingston et al., 2020; World Health
Organization, 2019). This highlights the potential of non-pharmacological
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approaches in dementia prevention. The newest generation of non-pharmacological
dementia prevention RCTs mainly focus on multidomain strategies, which means
that the interventions target several modifiable risk factors, lifestyle aspects, and
health behaviors simultaneously. The concept of multidomain prevention has
previously been successfully tested in the context of CVD (Griffin et al, 2011;
Strandberg et al., 2006; Tuomilehto et al., 2001). The first large, complex, multidomain
dementia prevention RCTs have been recently completed, and the results are
encouraging (Andrieu et al., 2017; Ngandu et al., 2015; van Charante et al., 2016). The
next wave of multidomain RCTs is currently ongoing worldwide, and many RCTs
are being planned (Kivipelto et al., 2020). Of special interest are electronic health
(eHealth) and mobile health (mHealth) strategies, which have a wider reach and can
potentially improve the cost-effectiveness of interventions.

Dementia prevention is a fairly new research topic compared with CVD
prevention, for example, and the optimal design and conduct of dementia prevention
RCTs are still unclear (Richard et al., 2012). Key aspects include but are not limited
to the optimal selection, recruitment, and engagement of target populations that are
at risk of cognitive decline and dementia. Research is needed to understand which
intervention strategies are suitable and feasible for different target populations and
what the optimal participant selection criteria are for RCTs. This is important to
target interventions at those who are most likely to benefit from them based on their
biomarker or clinical risk profile. Additionally, it is unclear how to optimally recruit
participants, especially in multinational settings where different strategies might be
needed to accommodate cultural differences, and how to design the interventions to
ensure optimal adherence. This is a key consideration in interventions involving risk
factor self-management and changes in health behavior. In this context, the strong
stigma of dementia and poor public awareness of the means to reduce the risk of
dementia are a further challenge (Alzheimer’s Disease International, 2019).

Using data from some of the first large, completed multidomain dementia
prevention RCTs and a memory clinic, this thesis offers insights into the selection
and engagement of target populations in dementia prevention RCTs. This work
combines quantitative and qualitative approaches and incorporates the target
population perspective. The specific aims were: 1) to assess potential heterogeneity
in the response to a multidomain preventive intervention to understand which
subgroups of participants benefitted the most; 2) to investigate older adults’
knowledge and perceptions of dementia as well as their motivation and attitude
towards prevention and RCT participation; and 3) to explore risk factors, AD
biomarkers, and research diagnostic criteria for AD as well as their impact on disease
progression in two different cohorts to inform participant selection for future RCTs.
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2 REVIEW OF THE LITERATURE

2.1 COGNITIVE DECLINE AND DEMENTIA

2.1.1 Clinical diagnosis

Many cognitive abilities deteriorate slightly as a part of normal aging (Harada et al.,
2013). These include, for example, short- and long-term memory, problem-solving
skills, the ability to logically plan and execute tasks, as well as speed and flexibility
of thinking, reasoning, and information processing. Pathological impairment occurs
when the changes are more pronounced and rapid than can be expected from aging
alone. The most severe expression of pathological cognitive impairment is dementia,
which is characterized by an intra-individual cognitive decline severe enough to
compromise functioning and cause disability (American Psychiatric Association,
1994). Several conditions can underlie cognitive decline and dementia. Common
irreversible conditions include neurodegenerative disorders, such as AD,
frontotemporal lobar degeneration, Lewy body disease, and Parkinson’s disease.
Other causes include depression, burnout, and other psychiatric conditions, vascular
disease, head trauma, certain medications, alcohol or drug abuse, and metabolic
dysfunction such as hypo- or hyperthyroidism (Langa & Levine, 2014). The leading
cause of sporadic late-life cognitive impairment is AD, followed by cerebrovascular
disease (Iadecola et al., 2019). With irreversible conditions, cognitive impairment
tends to be progressive and the symptoms worsen gradually. At the dementia stage,
the clinical symptoms and severity can be graded mild, moderate, or severe with
standardized assessment tools such as the Clinical Dementia Rating (CDR) scale
(Morris, 1997). Survival after a dementia diagnosis depends on the type and severity
of dementia (Mueller et al., 2019; Rhodius-Meester et al., 2019), for example, but some
recent studies have reported an overall median life expectancy of three to six years
(Joling et al., 2020; Mayeda et al., 2017; Rhodius-Meester et al., 2019).

Cognitive decline is usually a long process, and dementia is typically preceded by
more subtle cognitive dysfunction. The earliest symptomatic expression of cognitive
impairment is subjective cognitive impairment (SCI, or subjective cognitive decline),
initially referred to as ‘memory complaints’ as the term was proposed in the context
of AD (Jessen et al., 2020). SCI means that individuals experience subtle cognitive
difficulties and concerns, but their neuropsychological test performance does not
deviate from what is expected for their age and level of education (Jessen et al., 2020).
Individuals with SCI are considered cognitively unimpaired and clinically healthy,
yet at increased risk of cognitive impairment. Estimates of the magnitude of risk and
progression rates vary. In a study with a mean follow-up of four years, 7% of older
adults with SCI progressed to dementia, while it was the case for 6% of those without
SCI (Slot et al., 2019). In a meta-analysis with a mean follow-up of five years,
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progression rates were 11% and 5%, respectively; the risk of progression was
approximately twice as high among those with SCI (Mitchell et al., 2014).

The first stage where cognitive changes become clearly noticeable is commonly
referred to as mild cognitive impairment (MCI). The concept of MCI was first
proposed over 20 years ago, and it was initially considered a pre-AD state where
individuals lie between normal cognition and AD-type dementia (Petersen et al.,
1999). MCI criteria were mostly developed in research settings and for research
purposes. Before the clinical and biological heterogeneity of MCI was fully
understood, the criteria were used in AD RCTs to identify individuals who
progressed rapidly to dementia (Schneider et al., 2014). Different MCI definitions and
criteria have been proposed in the literature, but in essence, MCl is characterized by
a subjective experience of cognitive decline and a cognitive performance that is lower
than normal and expected for the age and educational level (Albert et al.,, 2011;
Petersen, 2004; Petersen et al., 1999; Winblad et al., 2004). The subjective experience
of cognitive decline is ideally verified by a family member or other informant.
Preferably, neuropsychological tests with available normative data should be used
to assess cognition, but none of the criteria clearly specify the most appropriate tests.
Likewise, no universal, clear-cut definition for mildly abnormal performance exists.

MCI can be considered single-domain (i.e., impairment in one cognitive domain)
or multi-domain (i.e., impairment in several domains) and amnestic or non-amnestic
(impairment mainly in memory and learning vs. other domains such as executive
functioning, processing speed, attention, visuospatial abilities, or language)
(Winblad et al., 2004). Impairment in executive functioning and processing speed is
considered a hallmark of vascular cognitive impairment (ladecola et al., 2019),
whereas AD is typically characterized by impairment in memory and learning. Thus,
an amnestic phenotype was required for MCI diagnosis in the earliest criteria
(Petersen et al., 1999). In contrast with dementia, there is only a little, if any,
functional impairment in MCI (Albert et al., 2011; Petersen, 2004; Petersen et al., 1999;
Winblad et al., 2004). The criteria require that independence in usual daily tasks and
functioning is preserved, even if some assistance or greater effort might be required
in complex tasks such as handling finances. Additionally, unlike dementia, cognitive
impairment in MCI does not markedly interfere with social interaction. Nevertheless,
drawing a line between MCI and dementia can be difficult in practice due to inter-
and intra-individual variation in cognitive and functional performance. The decision
as to whether the impairment is severe enough to interfere with everyday activities
and limit independence is ultimately based on clinical assessment and judgment.

Individuals with MCI are at risk of a short-term progression to severe cognitive
impairment. In a systematic review and meta-analysis by the American Academy of
Neurology expert group, approximately 15% of older adults with MCI (65+ years)
were diagnosed with dementia after two years (Petersen et al., 2018). Compared with
older adults without MCI, the risk of both all-cause and AD dementia was
approximately three times higher among those with MCI. Another meta-analysis
including studies until 2008 showed that 24-32% of individuals with MCI developed
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some type of dementia when followed up for a longer period (three to 10 years),
depending on the exact definition of MCI (Mitchell & Shiri-Feshki, 2009). Higher
progression rates were reported for memory clinics than community settings.
Nevertheless, when MCI is diagnosed clinically without any information about
potential underlying pathology, it can remain stable for years or even be reversible.
However, individuals who have reverted might still have an increased risk of future
cognitive decline (Petersen et al., 2018; Vermunt et al., 2019b).

Widely used disease coding systems and guidelines for clinical diagnosis of
cognitive impairment and dementia include the International Classification of
Diseases (ICD) by the WHO and the Diagnostic and Statistical Manual of Mental
Disorders (DSM) by the American Psychiatric Association. These guidelines were
recently updated (ICD-11 released in 2018, DSM-5 in 2013), and some conceptually
important changes were introduced (American Psychiatric Association, 2013; World
Health Organization, 2018b). Updates in the DSM criteria are briefly summarized
next; for a detailed discussion, readers are referred to work by Sachdev et al. (2014).

First, a broader and less AD-centric definition of dementia was introduced to
clearly separate the concepts of AD and dementia. In the previous version DSM-IV
(American Psychiatric Association, 1994), impairment in at least two cognitive
domains, one of them being memory, was obligatory for a diagnosis. In DSM-5, an
impairment in only one domain is sufficient and an amnestic phenotype is no longer
required. A degree of functional impairment significant enough to interfere with
everyday activities remains a criterion for dementia. This broader definition might
have an impact on dementia prevalence estimates: in one study, 56% of patients were
diagnosed with dementia when the DSM-1V criteria were applied and 78% when the
DSM-5 criteria were used (Tay et al., 2015). Second, the DSM-5 criteria introduced a
new nomenclature, as the label ‘dementia’ was replaced with ‘major neurocognitive
disorder’. The terms ‘AD’ and ‘dementia’ have often been used interchangeably
(Knopman et al., 2019), and the Latin-derived word ‘dementia’ —literally translated
as ‘out of mind’—has been commonly associated with old age, senility, and
disability. The term “major neurocognitive disorder’” was proposed to reduce this
stigma and to highlight the heterogeneous nature of the syndrome, which can affect
people at different stages in life (Sachdev et al.,, 2014). Finally, the DSM-5 criteria
better recognize milder expressions of cognitive impairment, which were grouped as
‘cognitive disorders not otherwise specified’ in the previous criteria. The term ‘mild
neurocognitive disorder’ in DSM-5 is essentially equivalent to MCI (i.e., modest
cognitive decline in any domain but preserved independence in everyday activities),
and the main difference is in the terminology (Stokin et al., 2015). As in the previous
criteria, the DSM-5 diagnosis of cognitive impairment is made in a stepwise manner.
A syndrome-level diagnosis, either for a major or mild neurocognitive disorder, is
made first, and a subtype is assigned at the next step (e.g., neurocognitive disorder
due to AD, or vascular neurocognitive disorder). The possibility of mixed etiology is
well recognized (neurocognitive disorder due to multiple etiologies). At present,
biomarkers are not incorporated in these clinical diagnostic guidelines.
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2.1.2 Disease concepts in evolution: the case of Alzheimer’s disease
2.1.2.1 Research criteria for early, biology-based diagnosis

Many of the changes in diagnostic guidelines for cognitive impairment stem from the
advances made in AD research during the past few decades. In particular, an
increased understanding of AD pathophysiology as well as the development and
validation of in vivo biomarkers have been a breakthrough. Biomarkers mirror the
neuropathology and can in some cases be measured at least 15-20 years before the
first clinical symptoms, as shown for AD mutation carriers (Benzinger et al., 2013;
Quiroz et al.,, 2020). Before biomarkers were available, AD and dementia diagnoses
were tightly interconnected, such that an AD diagnosis was usually not made prior
to severe, dementia-level cognitive impairment. The widely used diagnostic criteria
proposed in the 1980s and 1990s, i.e., DSM-IV (American Psychiatric Association,
1994) and the National Institute of Neurological Disorders and Stroke —Alzheimer
Disease and Related Disorders (NINCDS-ADRDA) criteria (McKhann et al., 1984),
considered AD as a disease defined by typical clinical symptoms. Progressive
impairment in several cognitive domains, including memory, had to be present. Once
all other apparent causes of cognitive decline were excluded based on clinical
examination and medical history, those with the typical clinical phenotype were
assumed to have AD-typical neuropathology (hence the term ‘probable AD’ in the
NINCDS-ADRDA criteria). A definite diagnosis required an autopsy (McKhann et
al., 1984). Biomarkers have changed this view, and a diagnosis of inclusion rather
than exclusion before the onset of ‘full-blown” dementia has become possible. Since
2007, several sets of research diagnostic criteria for AD have been published (Albert
et al.,, 2011; Dubois et al., 2007, 2014, 2016; Sperling et al., 2011), the most recent of
which is the 2018 research framework (Jack et al., 2018). Criteria have undergone
refinements as new evidence for the specificity and temporal order of biomarkers has
accumulated and assessment methods have improved. The AD-characteristic
pathophysiological processes and respective biomarkers are summarized next; the
new research criteria and rationale behind updating the NINCDS-ADRDA criteria
are discussed thereafter.

There are several types of biomarkers that reflect the key AD-characteristic
pathophysiological processes and are incorporated into the research diagnostic
criteria. These include markers of 1) p-amyloid (AB) deposition, 2) tau protein
buildup, and 3) neurodegeneration. Validated biomarkers do not yet exist for all the
other important pathological events, such as the inflammation response and
activation of microglia cells (Jack et al., 2018). A detailed description of AD
pathophysiology is beyond the scope of this thesis, and readers are, for example,
referred to a recent review by Long and Holtzman (2019). In brief, AD drug
development and the revision of the diagnostic criteria have been guided by the
amyloid cascade hypothesis (Hardy & Higgins, 1992; Selkoe & Hardy, 2016).
According to this hypothesis, an imbalance in amyloid precursor protein (APP)
cleavage and AP clearance leads to an increase in levels of A, particularly the 42-
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amino acid form (AP42). This is essentially the first key pathologic event in AD.
Consequently, AP peptides aggregate and form extracellular soluble oligomers and
insoluble plaques. Validated biomarkers for A accumulation include increased
cortical uptake and binding of AB-specific ligands in positron emission tomography
(PET) (Clark et al., 2012), as well as decreased levels of AB42 in the cerebrospinal
fluid (CSF) (Olsson et al., 2016), the latter being an indirect measure of the cerebral
AP load. The ratio of CSF A42 and AP40 is also informative and might correlate
better with A PET than CSF A[342 alone (Janelidze et al., 2016).

According to the amyloid cascade hypothesis, neuronal injury —another AD
hallmark, albeit non-specific—occurs downstream in the cascade of pathological
events. Through not fully understood mechanisms, Af induces hyper-
phosphorylation of the tau protein, formation of intracellular neurofibrillary tau
tangles, and finally the spread of tau pathology from the medial temporal lobe into
the other areas of the brain. Other later events in the disease process are synaptic
dysfunction, impaired brain connectivity, and eventually, neuronal death and
cognitive impairment (Jack et al., 2010, 2013). Biomarkers of neuronal injury include
markers of tau pathology, ie. increased CSF levels of total tau (t-tau) and
phosphorylated tau (p-tau) (Olsson et al.,, 2016). Tau PET has become recently
available (Lowe et al., 2018), and it is now incorporated into the research diagnostic
criteria (Jack et al., 2018). With tau PET, it is possible to visually assess and quantify
the regional distribution and load of tau tangles. Other neuronal injury markers are
a decreased uptake of fluoro-deoxy-glucose (FDG) in the temporoparietal brain
regions in PET (as a proxy for reduced brain glucose metabolism and synaptic
impairment) (Minoshima et al., 1997) as well as medial temporal lobe atrophy (MTA)
in structural magnetic resonance imaging (MRI) (Scheltens et al., 1992). MTA reflects
neuronal loss. Unlike A3 biomarkers, markers of neuronal injury correlate well with
cognitive decline and disease progression (Jack et al., 2013).

The amyloid cascade hypothesis is not entirely undisputed, and alternative
hypotheses have been proposed. Given the close correlation between tau and the
disease progression and severity, as well as the fact that it can occur in the absence
of A, tau could be the key player in AD (tau hypothesis; described e.g. by Kametani
and Hasegawa, 2018). Other hypotheses emphasize the interplay between A3 and
tau. For example, De Strooper and Karran (2016) proposed that both AB and tau
accumulation might be risk factors, rather than causes, of AD. These events are
possibly independent and parallel processes, which are accelerated by aging and
other unknown upstream events. Impaired protein clearance and accumulation of
“proteopathic stress’ leads to the ‘cellular phase of AD’, which is characterized by
disrupted cellular homeostasis and a range of biochemical processes. These involve
not only neurons but also the vasculature, blood-brain-barrier, microglia, and
astroglia. The Af3 and tau interaction and biochemical processes in the cellular phase
are all essential for the disease to progress to the clinical phase. Indeed, many studies
have shown that both A and tau are needed to cause cognitive decline (e.g.,
Betthauser et al., 2020; Dubois et al., 2018; Mormino et al., 2014; Sperling et al., 2019).
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In addition to the classic biomarkers for AQ, tau, and neuronal injury, new
biomarkers are emerging. Blood-based p-tau markers seem particularly promising
(Karikari et al., 2020; Palmgqvist et al., 2020). Other new markers include blood-based
markers of AP (Nakamura et al, 2018) and inflammation (Gross et al., 2019),
neurofilament light as a marker of axonal injury (Bridel et al., 2019; Preische et al.,
2019), as well as neurogranin (Portelius et al., 2018), synaptic vesicle glycoprotein 2A
(S§V2A) PET (Chen et al., 2018), and functional MRI (Vemuri et al., 2012) as markers
of synaptic dysfunction and impaired brain functional connectivity. The utility and
potential diagnostic or prognostic value of these biomarkers is not yet fully
understood. Emerging technologies, such as wearable devices and sensors, could
potentially give rise to digital biomarkers in the future, but literature is so far scarce
(Gold et al., 2018; Kourtis et al., 2019).

The main issue with the older and purely clinical criteria for AD has been their
suboptimal specificity and sensitivity, i.e., the mismatch between clinical AD
diagnosis and underlying neuropathology. Autopsy (Beach et al., 2012; Boyle et al.,
2018; Schneider et al., 2009; Serrano-Pozo et al., 2014) and imaging studies (Landau
et al., 2016; Ossenkoppele et al., 2015) have reported an absence of classic AD-type
pathology in around 12-17% of individuals diagnosed with AD dementia, and some
studies have reported even greater discrepancies (Rosén et al., 2015). In the Imaging
Dementia—Evidence for Amyloid Scanning (IDEAS) study, 36% of the patients were
AP negative (i.e, normal) when a PET scan was performed after a clinical AD
diagnosis (Rabinovici et al., 2019). At the same time, a non-AD dementia diagnosis
does not equal the absence of AD-type pathology. For example, in their meta-analysis
Ossenkoppele et al. (2015) showed that 42% of 75-84-year-old adults with vascular
dementia had positive AP PET scans. In a recent memory clinic study, 53% of patients
with a mild or major vascular cognitive disorder had abnormal (i.e., decreased) CSF
AP (Leijenaar et al., 2020). Similarly, 52% of the IDEAS patients with some form of
non-AD dementia had positive A3 PET scans (Rabinovici et al., 2019).

All new research criteria for AD aim to improve the diagnostic specificity and
sensitivity by incorporating in vivo biomarkers and critically assessing what—if
any — cognition-related aspects should be considered in the diagnostic procedure. A
comparison of the older diagnostic criteria and new research criteria is presented in
Table 1. Despite some fundamental differences, which are described later in this
section, all the new criteria are primarily intended for research purposes (e.g., as RCT
inclusion criteria). The main differences are related to the nomenclature, types of
biomarkers recognized, as well as timing of the diagnosis and its relation to the
cognitive status. In essence, the criteria provide different answers to the questions of
what AD is and when it starts. Does it start when the first symptoms occur and there
is supportive biomarker evidence? Or does one have AD as soon as the first
neuropathological changes occur? Of note, while familial forms of AD are
incorporated into the research diagnostic criteria, the focus here is on sporadic AD
and related terminology.
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In the first set of research diagnostic criteria, proposed by the International Working
Group (IWG) in 2007 (Dubois et al., 2007) and refined a few years later to introduce
new terminology (Dubois et al., 2010), a major advancement compared to the
NINCDS-ADRDA criteria was the combination of cognition and biomarkers in the
diagnostic procedure. These criteria (IWG-1 criteria) introduced the concept of
prodromal AD to distinguish AD from dementia. Core criteria are AD-typical
cognitive changes consisting of self- or informant-perceived progressive memory
decline and an objectively measurable episodic memory impairment with or without
impairment in non-memory domains. Biomarker abnormalities are referred to as
supportive features, and at least one such feature is needed for an AD diagnosis.
Equal weight is assigned to all biomarkers that were available and validated when
the criteria were proposed. In other words, abnormality in any biomarker is sufficient
(Table 1, p. 31).

In 2014, the IWG proposed a second set of criteria (IWG-2) (Dubois et al., 2014).
These criteria distinguished the pathophysiological or diagnostic biomarkers, i.e.,
markers of A3 and tau deposition, from the less AD-specific markers occurring later
in the disease course (i.e., MTA and hypometabolism in FDG-PET). Like in the ING-
1 criteria, an AD diagnosis is based on the combination of clinical phenotype and
biomarker abnormality, but the IWG-2 biomarker criteria are more restrictive.
Evidence for Af3 accumulation is required, alone or together with evidence for tau
pathology depending on which A3 biomarker is used, and less AD-specific markers
are not considered. The IWG-1 criteria recognize only the amnestic clinical
phenotype, but the ING-2 criteria include both typical and atypical AD (i.e., the
posterior variant characterized by visuospatial dysfunction, the frontal variant
characterized by executive dysfunction and behavioural symptoms, and the
logopenic variant characterized by problems with language and speech). Another
advancement in the IWG-2 criteria is the recognition of the preclinical disease stage.
The IWG-2 defines this stage by the absence of cognitive concerns and impairment
but presence of AD-type pathology. It is noteworthy that the term ‘asymptomatic at
risk for AD” was initially used, to indicate a high risk but absence of a full-blown
disease. In 2016, the IWG revised this and proposed the term ‘preclinical AD’ when
both A and tau markers are abnormal; the term ‘asymptomatic at risk for AD’
applies when either A or tau is abnormal (Dubois et al., 2016). Tau pathology in the
absence of A3 pathology is thus considered an at-risk state.

In addition to the European IWG, the National Institute of Aging and the
Alzheimer’s Association (NIA-AA) in the United States have contributed to updating
the NINCDS-ADRDA criteria. In 2011, the NIA-AA published one set of criteria for
MCI and dementia due to AD to be used in regular health care and another set of
criteria including biomarker assessments to be used in research (Albert et al., 2011;
McKhann et al., 2011). Research criteria were proposed separately for each disease
stage: preclinical AD (Sperling et al., 2011), MCI (Albert et al., 2011), and dementia
(McKhann et al., 2011). In the NIA-AA 2011 research criteria, which are based on the
hypothetical dynamic biomarker model (Jack et al., 2010), biomarkers reflecting Af3
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accumulation are distinguished from those reflecting neuronal injury (including tau).
Different biomarker combinations correspond to a different likelihood that the
clinical phenotype (MCI or dementia) is caused by an AD-type pathology. The four
levels of likelihood are presented in Table 1 (p. 31). The combination of an abnormal
AP marker and any abnormal marker of neuronal injury confers high likelihood; AD
is unlikely if markers of A and neuronal injury are both considered normal. In
contrast to the ING-criteria, the NIA-AA 2011 criteria recognize situations in which
biomarkers are discordant or not all of them are tested. In the preclinical AD criteria,
three stages are outlined: stage 1 is characterized by intact cognition and isolated Af3
abnormality; at stage 2, both the A3 and neuronal injury markers are abnormal; and
at stage 3, biomarker abnormalities are accompanied by subtle cognitive changes that
are considered in between normal cognition and MCI (Sperling et al., 2011). Once it
became evident that a considerable proportion of cognitively healthy and mildly
impaired individuals have normal AP but abnormal neuronal injury markers, the
term ‘suspected non-AD pathology’ (SNAP) was introduced (Jack et al., 2012).

In 2018, the NIA-AA updated the 2011 criteria and proposed a research
framework (Jack et al., 2018), which is based on the ATN biomarker classification
scheme (Jack et al., 2016). In this biomarker scheme, ‘A’ stands for A3 deposition, ‘T
for tau pathology (specifically CSF p-tau and more recently tau PET), and ‘N’ for
neuronal injury. Compared with all the other criteria, the NIA-AA 2018 criteria are
the only ones distinguishing between AD-specific tau pathology and tau pathology
reflecting general neuronal injury. In addition, these are currently the only criteria to
define AD as a strictly biological construct where the diagnosis is independent from
the cognitive status and clinical phenotype. Based on the ATN system, where ‘A’, ‘T’
and ‘N’ biomarkers are considered either abnormal or normal, an individual can be
classified into one of eight possible biomarker profile categories. These profiles can
be further grouped into three categories: normal AD biomarkers, non-Alzheimer’s
pathologic change, and the Alzheimer’s continuum. The Alzheimer’s continuum,
characterized by AP abnormality, comprises the following profiles: Alzheimer’s
pathologic change (isolated A abnormality, A+T-N-), AD (abnormal Af and tau,
A+T+Nz), and Alzheimer’s and concomitant suspected non-Alzheimer’s pathologic
change (abnormal A{ and neuronal injury but normal tau, A+T-N+). The disease is
diagnosed based on biomarker evidence and only afterwards linked to cognitive
performance (e.g., AD with MCI, or AD with dementia). The term ‘Alzheimer’s
clinical syndrome” applies when the biomarker profile is unknown but AD-typical
clinical symptoms are present.

Several studies have evaluated the utility of the research diagnostic criteria by
applying them to different cognitively healthy (Burnham et al., 2016; Clark et al,,
2018; Kern et al., 2018; Knopman et al., 2012; Soldan et al., 2016; Vos et al., 2013) and
mildly impaired populations (Bertens et al., 2017; Caroli et al., 2015; Lowe et al., 2013;
Petersen et al., 2013; Prestia et al., 2015; Vos et al., 2015). The proportion of individuals
assigned to each category and the respective clinical progression rates varied in these
studies, depending on the study setting, target population, and the choice of
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biomarkers and cut-offs for abnormality. Still, the risk of progression and cognitive
decline consistently increased with increasing evidence of biomarker abnormality. In
a systematic review and meta-analysis focusing on preclinical AD (Parnetti et al.,
2019), the prevalence of NIA-AA 2011 preclinical AD stage 1, 2, and 3 was 13%, 16%,
and 5%, respectively. The prevalence of SNAP was not reported. In total, 20% (stage
1), 38% (stage 2), and 73% (stage 3) progressed to MCI or dementia over a follow-up
period of one to four years. In a large multicenter study by Vos et al. (2015), the
validity of the IWG and NIA-AA criteria was assessed in memory clinic MCI patients.
The prevalence of prodromal AD and high AD likelihood decreased with increasing
requirements for biomarker abnormality (IWG-1 prodromal AD 53%, NIA-AA 2011
high AD likelihood 46%, IWG-2 prodromal AD 40%). The three-year progression rate
to AD dementia was 50% and 61% in individuals with IWG-1 and ING-2 prodromal
AD and approximately 20% in those with no prodromal AD. The risk was three to
four times higher for those with prodromal AD. With respect to the NIA-AA 2011
criteria, the risk of AD dementia increased with an increasing likelihood of AD. In
total, 5% of individuals in the low likelihood group progressed to AD dementia. This
was the case for 22-24% in the conflicting biomarker group, 49% in the intermediate
likelihood group, and 59% in the high likelihood group. Compared with the low
likelihood group, the risk was approximately five, 10, and 14 times higher in the
above-mentioned groups. This study was published in 2015 and did not include the
NIA-AA 2018 criteria. More recently, other studies have shown that there is a
correlation between the NIA-AA 2018 biomarker profile and cognitive status, and
that the A+T+(N+) profiles are associated with greater cognitive deterioration and
risk of dementia (Altomare et al., 2019; Dodich et al., 2020; Ebenau et al., 2020; Ekman
et al., 2018; Jack et al., 2019¢; Soldan et al., 2019).

Through the development of the research diagnostic criteria, steps have been
taken towards a better understanding of AD. These somewhat A-centric criteria as
well as the underlying hypothetical dynamic AD biomarker model have nevertheless
also been criticized (De Strooper & Karran, 2016; Morris et al., 2018). Potential
drawbacks relate to how individuals are ruled in and out when considering a
diagnosis of AD. Studies have suggested that the diagnostic utility of A and tau
biomarkers is somewhat uncertain, because older individuals might have
pathological levels of A and tau without any cognitive symptoms or impairment.
For example, Jansen et al. (2015) showed that the prevalence of AP pathology
increased with increasing age. Among cognitively healthy older adults aged 75 and
80, 28% and 33% had positive amyloid PET scans, respectively. Similarly, Jack et al.
(2017) estimated an A+T+N+ biomarker profile to be present in 22% of cognitively
healthy 80-year-old individuals. The causal and temporal relationship between Af3
and tau also remains so far unclear. The development of tau PET might solve this
problem, as the simultaneous in vivo imaging of both pathologies now becomes
possible. One study including both Ap and tau PET imaging found that, unlike the
common A+T- and A+T+ profiles, an A-T+ profile occurred rarely in cognitively
healthy individuals (Jack et al, 2019b). These findings support the model of
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biomarker ordering, but not all studies have reported similar observations (Weigand
et al., 2020).

Another potential challenge associated with the research diagnostic criteria is the
fact that different types of biomarkers for a specific pathology are considered equal
(i.e., CSF and PET). CSF levels of A{3 and tau might become abnormal earlier than the
respective PET scans, and biomarker discordance has been reported in the literature
(De Wilde et al., 2019; Meyer et al., 2020). The optimal biomarker cut-offs are also
unclear (Villeneuve et al., 2015), and using different cut-offs might change the
classification, as shown for example in the study by Jack et al. (2019b). Weigand et al.
(2020), who reported a high prevalence for the A-T+ profile in their study, attributed
their results largely to the fact that the tau PET cut-offs were defined differently than
in other studies (i.e., independently from amyloid PET cut-offs). Lastly, AD,
particularly in old age, is a heterogeneous condition characterized by the presence of
different co-morbid pathologies. These could potentially lower the threshold for
clinically significant cognitive impairment (Kapasi et al., 2017). Thus, it remains
unclear whether the same criteria and biomarker cut-offs can be applied to all
individuals and to both early- and late-onset AD. The heterogeneity of cognitive
impairment in old age, with a focus on AD, is discussed in detail next.

2.1.2.2 Heterogeneity of Alzheimer’s disease in old age

As shown in community-based studies, a single neuropathology rarely causes
cognitive impairment in old age; rather, combinations of several different
pathological features (i.e., mixed pathologies) are common findings in autopsies
(Brenowitz et al., 2017; Suemoto et al., 2019; White et al., 2016). This applies also to
AD. Most individuals with a clinical AD diagnosis have AD-type neuropathology
(Beach et al., 2012; Landau et al., 2016; Ossenkoppele et al., 2015; Schneider et al.,
2009; Serrano-Pozo et al., 2014), but it rarely occurs in isolation. In one recent autopsy
study, for example, pure AD pathology was reported for 17% and 22% of individuals
who died with dementia and MCI, respectively, whereas mixed AD pathology was
present in 73% and 55% of the individuals (Abner et al., 2017). In another large
autopsy study, 65% of the individuals with an AD dementia diagnosis had AD
pathology and only 9% had pure AD pathology (Boyle et al., 2018).

In AD, the most common co-morbid pathologies are cerebrovascular pathology,
hippocampal sclerosis (HS), and other proteinopathies such as hyperphosphorylated
transactive response DNA-binding protein 43 (TDP-43) pathology and alpha-
synucleinopathy, which is usually seen in Lewy body disease (Boyle et al., 2018).
Cerebrovascular pathology includes infarcts, microbleeds, cerebral amyloid
angiopathy, atherosclerosis, and arteriolosclerosis (ladecola et al., 2019). Co-
occurrence of vascular pathology is particularly common and characteristic for an
AD-like clinical syndrome (Beach et al., 2012; Schneider et al., 2009). In the study by
Abner et al. (2017), 62% and 73% of dementia and MCI cases with mixed pathology
had a co-morbid vascular pathology. Boyle et al. (2018), who investigated a broad
range of different neuropathologies, concluded that vascular pathology was present

35



in 30-36% of the cases. TDP-43 and alpha-synuclein proteinopathies were found in
this study in 35% and 10% of the individuals, respectively, and 10% had HS. The
authors also reported that nearly 60% of the autopsied individuals had more than
three different pathologies, and 236 different combinations were observed. For some
of the neuropathological profiles, distinct terms have been proposed to better define
them, one example being the limbic-predominant age-related TDP-43
encephalopathy neuropathologic change (LATE-NC) (Nelson et al., 2019). LATE-NC
occurs alone or together with AD-type pathology or HS usually in old age, and it is
associated with an AD-like clinical amnestic phenotype, yet symptoms progress
slowly. Conditions like argyrophilic grain disease (Rodriguez et al., 2016) and
primary age-related tauopathy (PART) (Bell et al., 2019; Crary et al., 2014) can also
lead to a clinical phenotype that closely resembles that of typical AD, even if only
minimal or no A{ pathology is present. It remains somewhat controversial whether
conditions like PART should be counted in the Alzheimer’s disease continuum
(Duyckaerts et al., 2015; Jellinger et al., 2015).

Different pathologies contribute independently to cognitive decline and dementia
(Power et al., 2018), and having multiple pathologies is associated with an increased
risk of dementia (also AD-type) (Arvanitakis et al., 2016; James et al., 2016; Nag et al.,
2015). For example, in the Finnish Vantaa 85+ study, the odds ratio for dementia
(reference group no pathology) was approximately five, 10, and 11 among those with
one, two, and three pathologies, respectively (Tanskanen et al., 2017). In another
study, the 90+ Study, the odds ratios for dementia were 3.5 for pure AD pathology
and 13 for mixed AD pathology (Kawas et al., 2015). How exactly co-morbid
pathologies contribute to neurodegeneration and cognitive decline in AD, and what
the exact mechanisms are, is not well understood. One hypothesis is that if AD
pathology is present but not in sufficient amounts, co-morbid pathologies like
vascular pathologies could act as an additional 'hit" and lower the threshold for
cognitive impairment (Kapasi et al., 2017; Toledo et al., 2013). Until recently, it has
been unclear how important each of the different pathologies is exactly and what
proportion of dementia cases can be explained by certain neuropathologies
commonly seen in older adults. In a large autopsy cohort with longitudinal cognition
data, Boyle et al. (2018) showed that AD pathology had the strongest effect,
explaining approximately 50% of the cognitive decline in this population. However,
there was significant inter-individual variation depending on the pathology profile.
In a separate report (Boyle et al., 2019), the authors estimated first that 35% of the AD
dementia cases were attributable to AD pathology, and vascular pathology and non-
AD neurogenerative pathologies accounted for approximately 22% and 27% of the
cases, respectively. When adjusted for overlap, approximately seven out of 10 cases
were attributable to all neuropathologies combined. This means that other so far
unknown factors and pathologies could have contributed to approximately a third
of all AD dementia cases.
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2.1.3 Risk and protective factors

2.1.3.1 Individual factors

Several non-modifiable and modifiable factors contribute to late-life cognitive
impairment. Of all these factors, age has the greatest effect. The prevalence of
dementia increases rapidly from approximately 1% in the age group 65-69 years, to
8% and 22% in the age groups 75-79 and 85-89 years, respectively (Alzheimer
Europe, 2020). Among genetic factors, apolipoprotein E (APOE) and its &4 allele is
the most potent known susceptibility gene: one €4 copy is associated with an
approximately three-fold risk and two copies with a 15-fold risk of AD dementia
(Farrer et al., 1997). Conversely, APOE &2 allele is protective (Farrer et al., 1997;
Reiman et al., 2020). Recently, 50 additional relevant gene loci were found in large
genome-wide association studies, yet the individual contribution of each of these
genes seems to be substantially lower than that of APOE (Sims et al., 2020). Apart
from Af and tau biology, the identified genes are linked to biological pathways such
as immunity, cholesterol metabolism, endocytosis, vascular pathways, and
ubiquitination (i.e., protein processing for degradation), underlining the complexity
of the disease (Sims et al., 2020). Polygenic risk scores reflecting an individual’s
overall genetic risk burden hold promise as risk prediction tools (Escott-Price et al.,
2015).

Other relevant non-modifiable risk factors of late-life cognitive impairment
include sex and ethnicity. Female sex is associated with a higher prevalence of
dementia, particularly in old age (Alzheimer Europe, 2020). The longer life
expectancy of women might explain this, while some other potential explanations
are sex differences in educational and occupational attainment, certain sex-specific
biological factors such as hormonal changes in menopause, as well as differences in
vulnerability to other risk factors such as APOE €4 (Rahman et al., 2019). With respect
to race and ethnicity, African Americans, for example, have a higher risk of dementia
than Caucasians (Mayeda et al., 2016), potentially due to both genetic and
environmental factors.

Over the past decades, compelling evidence has accumulated from longitudinal
observational studies on the role of modifiable environmental factors in the
development and progression of late-life cognitive impairment. A range of vascular,
metabolic, lifestyle-related, and psychosocial risk and protective factors have been
identified; comprehensive overviews have been provided for example in the Lancet
Commission reports (Livingston et al., 2017, 2020) and in a recently published
systematic review and meta-analysis (Yu et al., 2020). As a whole, a good vascular
health status and healthy lifestyle are associated with a lower risk of late-life
cognitive impairment (Dhana et al., 2020; Sabia et al., 2019). Figure 1 summarizes the
individual modifiable risk and protective factors for which the current evidence base
is most robust. Apart from depression and hearing loss, these factors were also
addressed in the complex multidomain lifestyle interventions that are described in
this thesis in connection with Studies I-1II.
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Figure 1. Modifiable risk and protective factors for late-life cognitive impairment.

Recently, the WHO appointed an expert group to assess systematic reviews of RCTs
targeting the factors in Figure 1, with the aim to formulate guidelines for preventive
strategies (World Health Organization, 2019). The guidelines made strong
recommendations for physical activity and tobacco cessation interventions.
Conditional recommendations were issued for dietary and cognitive interventions,
interventions concerning alcohol use, and interventions targeting each of the
vascular and metabolic risk factors (obesity, hypertension, hyperlipidemia, and
diabetes). In another comprehensive systematic review, no RCT evidence was found
to support any recommendations (National Academies of Sciences, Engineering, and
Medicine, 2017). When observational data were also considered, this report identified
cognitive and exercise interventions and blood pressure (BP) management as
potentially beneficial strategies.

According to large modelling studies (Livingston et al., 2017; Norton et al., 2014),
approximately 30-35% of dementia cases worldwide could be attributed to a
combination of the following modifiable factors: low educational attainment (no
secondary school education), hypertension, obesity, diabetes, physical inactivity,
smoking, and depression (additionally hearing loss and lack of social engagement
were included in the report by Livingston et al., 2017). The most recent Lancet
Commission report includes three additional factors, namely the excessive use of
alcohol, head injury, and pollution, and attributes 40% of dementia cases to
modifiable factors (Livingston et al., 2020). These estimates are based on the
elimination of all the above-mentioned factors, and for comparison, eliminating
APOE &4 was estimated to result in a 7% reduction in dementia incidence (Livingston
et al.,, 2017). The contribution of modifiable risk factors might be even greater in
developing countries (Mukadam et al., 2019), but data on the prevalence and
relevance of some risk factors are still scarce in many regions of the world (Anstey et
al., 2019). Of note, while education can be considered a modifiable factor in a broad
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sense, it is usually not the case on an individual level. This is because the level of
formal education is unlikely to change in mid- or late-life.

The above-mentioned studies did not assess the role of unhealthy dietary
patterns, and it is unclear whether the estimated proportion of cases explained by
modifiable risk factors is correct or perhaps an underestimation. Methodological
choices and differences in study design might also have a substantial impact on the
estimations. In a Swedish cohort study, for example, only 10% of the dementia cases
were attributable to the combination of the nine modifiable factors investigated by
Livingston et al. (2017), and APOE ¢4 alone had the greatest impact (Tomata et al.,
2020).

Modifiable risk factors typically occur in clusters, as, for example, different
unhealthy lifestyle habits tend to be correlated. The risk of cognitive impairment
increases with an increasing risk factor burden, as shown in a recent meta-analysis
of observational studies (Peters et al., 2019). Compared with no risk factors, having
one, two, or at least three modifiable risk factors was associated in this study with a
1.2, 1.7, or 2.2 times higher risk of dementia, respectively. Modifiable risk factors
might potentially also interact with genetic factors, but results are mixed. The
observational Cardiovascular Risk Factors, Aging and Dementia study (CAIDE)
reported a particularly pronounced association between lifestyle risk factors and
increased dementia risk among APOE €4 carriers (Kivipelto et al.,, 2008). In the
Rotterdam Study, a healthy lifestyle appeared to be protective for APOE &4 non-
carriers but not carriers (Licher et al., 2019). In some studies, APOE and genetic risk
did not modify the association between vascular health or lifestyle and the risk of
dementia (Peloso et al., 2020; Samieri et al., 2018) or cognitive performance (Lyall et
al.,, 2019; Rodriguez et al., 2018). A large study including nearly 200,000 individuals
also did not find any interaction between lifestyle and a polygenic risk score (Lourida
etal., 2019).

The association between many modifiable factors and the risk of cognitive
impairment varies across the lifespan. Several mid-life but not necessarily late-life
factors have been associated with a higher risk of cognitive impairment, and a change
over time in risk factor levels can be informative. Examples of such factors are
hypertension, hypercholesterolemia, and obesity (Peters et al., 2020). In fact, inverse
associations have been reported, i.e., higher BP, cholesterol, or body mass index
(BMI) in old age appear to be protective (e.g., Gregson et al., 2019; Kivimaéki et al.,
2018). This is likely because of reverse causality bias, i.e., pathophysiological
processes gradually start to interfere with the regulation of BP, weight, and appetite,
leading to a decline in BP and weight (Peters et al., 2020). It is also important to note
that not all modifiable factors identified in a cognitively healthy population are
necessarily relevant risk factors for disease progression among those who already
have some cognitive impairment (Cooper et al., 2015).

The mechanisms through which vascular, metabolic, and lifestyle-related risk
factors promote cognitive impairment and contribute to neurodegeneration are
complex. Cerebrovascular pathologies develop when structural changes in the
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vasculature reduce cerebral blood flow, induce hypoperfusion and hypoxia, and
ultimately disrupt the metabolic homeostasis in the brain (e.g., reviews by Iadecola
et al., 2019 and Kapasi & Schneider, 2016). Endothelial dysfunction and altered
permeability of the blood-brain-barrier (i.e, impaired functioning of the
neurovascular unit) contribute to oxidative stress and inflammation, detrimental
processes triggered also by AP accumulation. This leads to a vicious circle where
damage accumulates over time. Vascular and metabolic factors might also be directly
linked to Ap-related pathways. For example, hypertension could promote Af
production through APP cleavage (Faraco & ladecola, 2013), and dietary salt could
induce hyperphosphorylation of tau (Faraco et al., 2019). An association between
mid-life vascular risk factors and A3 accumulation later in life has been reported in
the literature (Gottesman et al., 2017), and vascular factors and AP have been shown
to interact and synergistically promote cognitive decline (Rabin et al.,, 2018).
However, most studies suggest that the pathways are independent and the effects of
vascular factors are simply additive (e.g., Abner et al., 2016; Bos et al., 2019; Conner
et al., 2019; Gustavsson et al., 2020; Lane et al., 2020; Rantanen et al., 2017; Vemuri et
al., 2015).

With respect to depression, the mechanistic pathways linking it with cognitive
impairment are poorly understood. The association between depression and
cognitive impairment could be explained by the negative effects of depression on the
vascular risk profile (indirect effects) as well as elevated levels of stress hormone
cortisol, which contribute to hippocampal atrophy (direct effects) (Byers & Yaffe,
2011). Hearing loss might be linked to dementia through social isolation and
depression (Livingston et al., 2020). The protective effects of cognitive stimulation
and social engagement, much like those of education, can be mostly explained with
increased resilience. This means a better ability to cope with disease-related brain
changes and remaining cognitively intact or stable for longer than expected (Stern,
2009, 2012). The widely used term ‘cognitive reserve’ refers to the use of available
brain resources to counteract the detrimental effects of disease pathology (Stern,
2009, 2012). In other words, the brain is flexible, and alternative compensatory
strategies are used to process information and solve tasks. Cognitive stimulation is
nevertheless associated also with less pronounced AD pathology, indicating
increased resistance to brain pathology (Oveisgharan et al., 2020).

Mediterranean-type dietary patterns, which are characterized by a low to
moderate intake of meat and dairy products but a high intake of fruit, vegetables,
fish, and whole-grain foods, alleviate oxidative stress and inflammation and improve
the vascular risk profile (Scarmeas et al., 2018). The protective effects of physical
activity are complex and include direct biological mechanisms as well as indirect
effects on other risk factors of cognitive impairment. These effects were recently
described by Valenzuela et al. (2020) in a comprehensive review. First, exercise
stimulates the production of neurotrophins (in particular, brain-derived
neurotrophic factor BDNF) and metabolites, such as lactate and ketone bodies, which
further upregulate BDNF production. This promotes hippocampal neurogenesis and
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improves neuronal plasticity. Second, exercise enhances perfusion in the brain and
protects against AP accumulation by alleviating oxidative stress and reducing
inflammation. Finally, exercise helps reduce depressive symptoms and has positive
effects on the vascular risk profile (e.g., diabetes, overweight).

2.1.3.2 Risk scores

In order to estimate an individual’s overall risk of cognitive impairment, several
dementia risk scores and prediction tools have been developed for different
populations at different stages of life as well as for different outcomes (i.e., any type
of dementia vs. AD dementia). The available risk scores combine non-modifiable and
modifiable risk and protective factors, but the number and type of factors
incorporated in the scores vary. In a recent systematic review, 61 different risk scores
were identified: the majority, 39 scores, were intended for older populations and four
were intended for middle-aged populations (Hou et al., 2019). The other prediction
models were intended for use in MCI or diabetes. So far, two of the risk scores
developed in the context of diabetes and five of the general mid-life and late-life risk
scores have been validated. These five risk scores are briefly described below.

The CAIDE risk score for 20-year dementia risk prediction based on a mid-life risk
profile was developed in the Finnish CAIDE study cohort (Kivipelto et al., 2006) and
validated in the ethnically more diverse U.S. Kaiser Permanente cohort with a longer,
on average 36-year, follow-up period (Exalto et al., 2014). The CAIDE score takes into
account seven factors: age, sex, education, total cholesterol, BMI, systolic blood
pressure (SBP), and physical activity; the APOE genotype is additionally
incorporated in a separate version of the score (Kivipelto et al., 2006). The validation
study tested whether additional risk factors, such as depression, diabetes, and
smoking, could improve the predictive accuracy of the score, but no such factors
were identified. The CAIDE score is informative among middle-aged individuals,
but has limited utility in old age (Anstey et al., 2014; Licher et al., 2018). Recently, the
CAIDE score was associated with the rate of brain atrophy before the onset of
dementia (O’Brien et al.,, 2019). The CAIDE risk score is available as a mobile
application, the CAIDE Risk Score App, which allows community-dwellers to easily
test their risk (Sindi et al., 2015).

The Australian National University AD Risk Index (ANU-ADRI) was developed
specifically for AD prediction (Anstey et al, 2013). It is based on a systematic
literature review and not a cohort study like the CAIDE score. The ANU-ADRI score
comprises 15 factors that can be easily assessed: age and sex (points for age depend
on sex), education, BMI, total cholesterol, smoking status, drinking habits, social
engagement, physical activity, cognitive stimulation, fish consumption, pesticide
exposure, and medical conditions (depression, diabetes, and traumatic brain injury)
(Anstey et al., 2013). Three different cohorts with slightly different mean ages
(ranging from 53 to 75 years) and follow-up times (ranging from approximately four
to six years) were used for validation (Anstey et al., 2014).
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The Dementia Risk Score (DRS) for five-year dementia risk prediction among older
individuals aged 60-79 years was developed and validated in a primary health care
setting in the United Kingdom (Walters et al., 2016). The DRS takes into account 12
factors, all of which can be assessed by administering a questionnaire or interviewing
the patient: age, sex, deprivation/socioeconomic situation, BMI, smoking status,
alcohol abuse, use of medications (antihypertensive drugs, aspirin), and medical
conditions (depression, diabetes, stroke/transient ischemic attack (TIA), and atrial
fibrillation). The Brief Dementia Screening Indicator (BDSI) for six-year dementia risk
prediction among individuals aged 65-79 years was developed based on four
different U.S. cohort studies (Barnes et al., 2014). Similar to the DRS, the rationale
was to use variables that were easy to collect or readily available from routine
examinations in primary care settings. The BDSI includes seven factors: age,
education, BMI, need for assistance with handling finances or medications, and
medical conditions (depression, diabetes, and stroke).

The Lifestyle for Brain Health (LIBRA) score is the only dementia risk score to
include solely modifiable risk and protective factors (Schiepers et al., 2018). Similar
to the ANU-ADR]I, it was developed based on a systematic literature review of
modifiable environmental factors showing a consistent association with dementia
risk (Deckers et al., 2015). In total, 12 factors were included in the risk score: physical
activity, smoking status, obesity, total cholesterol, drinking habits, cognitive
stimulation, dietary habits (adherence to the Mediterranean diet), and medical
conditions (depression, hypertension, coronary heart disease, renal dysfunction, and
diabetes). The predictive accuracy of the LIBRA score was tested in the Dutch
Maastricht Ageing Study cohort where the mean age was 65 years and the follow-up
time was 16 years (Schiepers et al., 2018). The score was also tested in the European
DESCRIPA cohort with a mean follow-up of seven years (Vos et al., 2017). In the
latter study, a higher LIBRA score was associated with a higher dementia risk in the
age groups 55-69 and 70-79 years but not among those aged 80+ years. In the CAIDE
study, higher mid-life LIBRA scores were predictive of late-life dementia, but the
findings by Vos et al. (2017) concerning the predictive value even after the age of 70
years were not fully confirmed in this cohort (Deckers et al., 2020).
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2.2 CLINICAL TRIALS TO PREVENT COGNITIVE DECLINE AND
DEMENTIA

2.2.1 What do we mean by ‘prevention’ and ‘preventive interventions’?

Currently, there are no disease-modifying drugs to treat or reverse dementia and
underlying conditions, and a growing interest in ‘prevention’ and ‘preventive’
interventions has become evident. Different pharmacological and non-
pharmacological approaches and ongoing/completed RCTs are discussed in detail in
the next sections. What the term ‘prevention’ exactly means and what the desired
outcomes of the preventive measures are depends on the target population.
Prevention, defined by the WHO (2020) as “specific population- and individual-
based interventions aimed at minimizing the burden of diseases and associated risk
factors”, is usually divided into primary, secondary, and tertiary prevention,
depending on when in the disease continuum the intervention takes place. The aim
of primary preventive measures is to reduce the occurrence of the disease and avoid
it altogether, for example by limiting exposure to known risk factors and altering
unhealthy habits and behavior. Given the established link between modifiable risk
factors and cognitive impairment, a number of these types of preventive
interventions are now ongoing. Secondary preventive measures target individuals
with a manifest early-stage disease, and the focus is on early detection and diagnosis
to slow down or delay the disease progression. With respect to AD, advances in
biomarker research have enabled timely diagnoses and created opportunities for
these types of preventive approaches, as discussed in section 2.1.2.1. Finally, tertiary
preventive measures target individuals at an advanced disease stage and aim to
reduce complications, improve the quality of life and coping, support independent
living, and delay institutionalization.

With respect to the prevention of cognitive decline and dementia, the exact
classification of RCTs can nevertheless be complicated. Whether a trial is considered
a primary, secondary, or tertiary prevention RCT depends on how the underlying
disease (i.e., AD) is defined. The different definitions and levels of prevention were
outlined by Solomon et al. (2014). If clinical and cognitive symptoms are considered
the defining feature of AD onset, the aim of primary prevention RCTs is to delay the
onset of these first symptoms, regardless of the brain pathology. In this case, the aim
of secondary prevention RCTs is to delay the onset of dementia. If AD is defined
purely biologically, the aim of primary prevention RCTs is to prevent brain
pathology, while delaying the onset of first noticeable clinical symptoms among
those with brain pathology is considered a secondary prevention. Consequently,
RCTs targeting cognitively impaired individuals with the aim to prevent dementia
are considered tertiary prevention RCTs. Many of the current RCTs cannot be clearly
defined as primary, secondary, or tertiary prevention RCTs. For example,
population-based RCTs might include mixed populations in relation to both
cognitive performance and disease pathology. If only those with significant cognitive
impairment are excluded from the RCT, the study population might consist of both
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cognitively intact older adults and those with mild symptoms and concerns. In
addition, a subsample of participants at best might be tested for AD-type biomarkers
in these RCTs.

A term that frequently co-occurs with “prevention’ is ‘risk reduction’, and these
two concepts are used somewhat interchangeably in the literature. As the RCT
evidence is still scarce as regards to whether the effects of modifiable risk factors are
causal and whether cognitive impairment can ultimately be prevented (particularly
on an individual level), the term ‘risk reduction’ could be preferred in some
situations. For instance, it could be the preferred term when communicating to
general public about the different intervention strategies and means to address the
risk of cognitive impairment. The recent WHO guidelines, which are intended for
health care providers/policymakers and wider implementation, also refer to risk
reduction instead of prevention (World Health Organization, 2019).

2.2.2 Trends in drug development

During the past few years, the number of disease-modifying agents entering phase I
and II AD RCTs has increased slightly, yet remained fairly stable in phase III
(Cummings et al.,, 2018, 2019, 2020). This suggests that promising signals from
preclinical and early clinical studies can rarely be translated into clinically
meaningful results in larger target populations. Even advancing to the phase III stage
does not guarantee success: several large phase III RCTs testing different promising
AP focused agents have recently failed or been prematurely discontinued (Egan et
al., 2019; Honig et al., 2018; Ostrowitzki et al., 2017; Wessels et al., 2020). In these
RCTs, drug treatments did not lead to cognitive benefits, even though only
individuals with confirmed AP pathology were selected and the biological target
engagement was deemed to be achieved (Kennedy et al., 2016; Klein et al., 2019;
Ostrowitzki et al., 2012; Salloway et al., 2018; Yang et al., 2019). Unexpectedly,
treatment with [3-secretase inhibitors, a thoroughly investigated group of agents,
appeared to be associated with cognitive and functional worsening and a more
frequent occurrence of neuropsychiatric symptoms (Egan et al., 2019; Henley et al.,
2019; Wessels et al., 2020). The anti-Af3 agent that currently holds the most promise
is the antibody aducanumab (Sevigny et al., 2016). Based on data from two large
phase III RCTs, both of which were prematurely discontinued after an interim
analysis, a decision was recently made to pursue regulatory approval (Biogen, 2019).

A continues to be the primary therapeutic target in RCTs, but the pipeline is
becoming more diverse and now includes a broad range of disease-modifying agents
targeting different pathways (Cummings et al., 2020). Major pathways and
mechanisms include tau pathology (targeted, e.g.,, with anti-tau antibodies and
aggregation inhibitors), neuroprotection and synaptic plasticity (e.g., SV2A
modulators such as levetiracetam), inflammation and immunomodulation (e.g.,
selective tyrosine kinase inhibitors such as masitinib), and metabolism (e.g., insulin
and metformin) (Cummings et al., 2020). In China, an anti-inflammatory agent (GV-
971) was approved in November 2019 for the treatment of AD, but there are no

44



completed global RCTs yet (Cummings et al., 2020). Another proposed strategy,
though not yet tested in RCTs, is to target APOE (Long & Holtzman, 2019).
Combination therapies are also considered an intriguing option. Possibilities
identified so far include targeting different steps of a single pathway (e.g., combining
a B-secretase inhibitor + AP antibody) or targeting multiple different pathways (e.g.,
combining anti-AB + anti-tau agents) (Gauthier et al., 2019). Combining disease-
modifying drugs with non-pharmacological approaches, such as lifestyle
interventions, could also be relevant. However, no such full-scale RCTs are yet
ongoing.

There are also some new trends in RCT design. The selection of target populations
is discussed in detail in section 2.2.4.2, but in brief, the focus is shifting towards
preclinical disease and asymptomatic at-risk individuals. For example, Af3 antibodies
that did not demonstrate an effect in mild/prodromal AD are now being tested in
cognitively healthy AD mutation carriers (Cummings et al., 2020; Tariot et al., 2018).
However, based on the first results from the Dominantly Inherited Alzheimer
Network (DIAN) RCT, it is unclear whether A{3-targeting agents are the appropriate
treatment strategy even in this population. Despite effective A3 clearance and
reduction in levels of tau and other neurodegenerative markers, no significant
cognitive benefits were observed (Cummings et al., 2020; Roche, 2020). With respect
to outcome measures, the need for different tools at different disease stages is
increasingly well recognized. Although further validation is needed, the Preclinical
Alzheimer Cognitive Composite and the Alzheimer’s Prevention Initiative
composite cognitive test score, for example, might be suitable to detect subtle
cognitive changes at the asymptomatic stage (Schneider & Goldberg, 2020).
Instruments combining cognitive and functional elements or items from several
scales (e.g., Clinical Dementia Rating-Sum of Boxes CDR-SB, AD Composite Score
ADCOMS) could be preferred for prodromal AD (Schneider & Goldberg, 2020).
Biomarkers are now also accepted as RCT outcomes, as outlined in the recent U.S.
Food and Drug Administration (FDA) guidelines (2018). At the earliest disease stage
(i.e, with biomarker abnormality but an absence of cognitive and functional
impairment), accelerated approval could be granted if a drug showed a positive
effect on biomarkers. Biomarkers need to correlate with disease progression and
clinically relevant cognitive and functional outcomes, but no biomarker so far fully
meets these requirements (U.S. Department of Health and Human Services Food and
Drug Administration, 2018). Finally, the concept of adaptive design has been
introduced in AD RCTs. This is incorporated into the European Prevention of
Alzheimer’s Dementia Consortium (EPAD) (Ritchie et al., 2016) and DIAN (Bateman
et al.,, 2017) projects, for example. Adaptive design enables the testing of multiple
interventions against a shared control group, and doses can be adjusted or
intervention arms can be discontinued during the RCT based on biomarker and
safety data (Bateman et al., 2017; Ritchie et al., 2016).
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2.2.3 Complex multidomain non-pharmacological interventions

In addition to disease-modifying drugs, lifestyle-based and other non-
pharmacological approaches have been extensively investigated as potential
preventive strategies. The cognitive benefits of single-domain interventions, i.e.,
those targeting only one risk factor or aspect of lifestyle at a time, have been studied
in numerous RCTs. A comprehensive overview of these RCTs is presented in a
systematic review by Andrieu et al. (2015). Many of these RCTs have been small
and/or short in terms of the intervention or follow-up period. In addition, methods
and interventions have not been harmonized, and the results are thus mixed overall.
Some positive signals have been reported (e.g., cognitive stimulation intervention in
the Advanced Cognitive Training for Independent and Vital Elderly ACTIVE study,
Ball et al., 2002; Rebok et al., 2014), but as with drugs, most larger and longer-term
RCTs have not been able to clearly show that a single-domain approach could reduce
the risk of cognitive impairment. Examples include the Lifestyle Interventions and
Independence for Elders (LIFE) study investigating a physical activity intervention
(Sink et al., 2015) and the Older People And n-3 Long-chain polyunsaturated fatty
acids (OPAL) study investigating a nutritional intervention (Dangour et al., 2010).

Based on recent evidence, one single-domain strategy may hold some promise,
namely the intensive management of BP. In the Systolic Blood Pressure Intervention
Trial (SPRINT) Memory and Cognition IN Decreased Hypertension (MIND) RCT,
over 9,300 non-demented hypertensive individuals aged 50+ years with increased
risk of CVD but no diabetes or history of strokes were randomized into an intensive
BP control group (goal for SBP < 120 mmHg) and a standard control group (goal for
SBP <140 mmHg) (Williamson et al., 2019). Both groups received lifestyle advice and
antihypertensives; any agents were allowed. After a median intervention period of
approximately three and follow-up of five years, the intensive treatment group had
a significantly lower risk of cognitive impairment (MCI or dementia). These results
are encouraging but there are still some caveats. The SPRINT-MIND was a substudy
of the SPRINT RCT in which the primary outcome was the incidence of CVD and not
cognition. Once the intensive treatment showed clear benefits on vascular health, the
RCT was stopped earlier than planned. Thus, it might have been underpowered to
detect an effect on the incidence of dementia. It is also unclear whether the
intervention had any effects on cognitive test performance.

Given that multiple risk factors contribute to late-life cognitive impairment (yet
each individual factor plays a fairly small role) and these factors rarely exist in
complete isolation (Livingston et al., 2020), it may not be surprising that single-
domain approaches show little or no effects on cognition. Therefore, the focus has
shifted towards more complex multidomain interventions, which combine elements
from different single-domain interventions and address several risk factors, health
behaviors, and lifestyle aspects simultaneously. This approach was previously
shown to be feasible and effective in preventing CVD outcomes in individuals with
type 2 diabetes but no manifest CVD (Griffin et al., 2011), as well as in those with a
history of CVD (Strandberg et al., 2006). Additionally, the multidomain approach has
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been successful in preventing diabetes among overweight individuals with impaired
glucose tolerance (Tuomilehto et al., 2001). With respect to the prevention of
cognitive impairment, several small and/or short-term multidomain RCTs with
different target populations and combinations of interventions have been conducted
so far. RCTs have targeted individuals with cognitive complaints but no severe
impairment (Bamidis et al., 2015; Barnes et al., 2013; Diamond et al., 2015; McEwen
et al., 2018), pre-frail or frail older adults (Chen et al., 2020; Romera-Liebana et al.,
2018), those with vascular or other dementia risk factors (Anstey et al., 2015; Park et
al., 2019; Smith et al., 2010), MCI patients (Bae et al., 2019; Blumenthal et al., 2019;
Lam et al., 2015; Rovner et al., 2018), patients recovering from stroke (Bath et al., 2017;
Ihle-Hansen et al., 2014; Matz et al., 2015), unselected non-demented community-
dwellers (Clare et al., 2015; Lee et al., 2014; Ten Brinke et al., 2020), and mixed patient
populations (Schwartz et al., 2019). Overall, the findings of these RCTs are mixed. To
date, three large (>1,000 participants), long-term (>12 months), proof-of-concept
RCTs have been completed, all in Europe. One of these RCTs, the Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER),
reported significant beneficial effects on cognition (Ngandu et al., 2015). The French
Multidomain Alzheimer Preventive Trial (MAPT) (Andrieu et al., 2017) and the
Dutch Prevention of Dementia by Intensive Vascular Care (preDIVA) (van Charante
et al., 2016) did not meet their primary outcomes. These three RCTs are discussed in
detail below and in other relevant sections of this thesis.

FINGER was the first of the three RCTs to be completed. FINGER was conducted
at six Finnish study sites among 1,260 community-dwellers aged 60-77 years. These
individuals did not have significant cognitive impairment or a diagnosis of
neurocognitive disorder/dementia, but they were at increased risk of cognitive
decline based on their CAIDE risk score and cognitive testing (Kivipelto et al., 2013;
Ngandu et al., 2014, 2015). Details of the FINGER RCT are presented in section 4.1.1.
In brief, participants were randomized to receive either a multidomain lifestyle
program consisting of activities related to physical exercise, nutrition, cognitive
training, and management of vascular risk factors, or alternatively regular health
advice (control group). The intervention was delivered in individual and group
sessions face-to-face. The two-year intervention showed beneficial effects on the
primary outcome (change in cognitive performance measured with a
neuropsychological test battery NTB, Harrison et al., 2007): cognition improved in
both groups but significantly more in the intervention group (Ngandu et al., 2015).
To understand the clinical significance of these results and the long-term intervention
effects on incidence of cognitive impairment, follow-up assessments took place at
approximately five and seven years (three and five years after the end of the RCT).
Another follow-up study will take place at approximately 10 years. After the two-
year intervention period, some positive effects on clinically relevant outcomes were
already observed. The intervention was associated with improved health-related
quality of life (Strandberg et al., 2017) and a lower risk of developing new chronic
medical conditions (Marengoni et al., 2018) or disability (Kulmala et al., 2019).
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The MAPT RCT was conducted at 13 study sites across France, and it included 1,680
individuals aged 70+ years with subjective memory impairment, slow gait, and/or
limitations in instrumental activities of daily living, indicating some degree of
disability (Andrieu et al., 2017; Vellas et al., 2014). The participants were randomized
into four groups: 1) omega-3 supplementation combined with a multidomain
lifestyle program consisting of cognitive training and advice related to physical
activity and nutrition; 2) a placebo product combined with a lifestyle program; 3)
only omega-3 supplementation; and 4) only a placebo product. The lifestyle
intervention was delivered primarily in group sessions, but individual motivational
interviews and consultations were also organized. The three-year intervention did
not have significant beneficial effects on the primary outcome (change in cognitive
performance measured with a composite score based on four tests) (Andrieu et al.,
2017). Both groups receiving the lifestyle intervention improved while the control
groups declined slightly, but differences between the four randomization groups
were not significant. Pooled together, the lifestyle groups showed significant
improvements compared to the other two groups. The intervention did not appear
to have beneficial effects on the more clinically relevant outcomes, such as cognitive-
functional performance (change in CDR-SB scores), daily functioning, physical
performance, or depressive symptoms.

PreDIVA is the largest and longest of the three RCTs, with an intervention period
of six years. Via 116 general practices in 26 health care centers, preDIVA recruited a
total of 3,526 participants aged 70-78 years; no specific inclusion criteria related to
vascular and dementia risk factors were applied (Richard et al., 2009; van Charante
etal.,, 2016). The general practices were randomized into the intervention and control
groups. The intervention group received tailored lifestyle guidance and intensive
management of vascular risk factors but no cognitive training or stimulation. The
control group received usual care. The intervention consisted of one-on-one sessions
with a nurse at the health care center. In contrast to the FINGER and MAPT RCTs,
antihypertensives, lipid-lowering drugs, and other medications were initiated as part
of the intervention to reduce vascular risk factors. A key difference between the
preDIVA RCT and the other RCTs was the choice of the primary outcome (in
preDIVA the primary outcome was the incidence of all-cause dementia). After six
years, no difference was observed in the occurrence of dementia between the
intervention and control groups (van Charante et al., 2016).

In addition to these three completed RCTs, other large long-term RCTs are
currently ongoing worldwide in different populations. These include the two-year
Agewell.de study with 1,152 German primary care patients (recruitment completed)
(Ziilke et al., 2019), the two-year U.S. Study to Protect Brain Health Through Lifestyle
Intervention to Reduce Risk (U.S. POINTER) with a recruitment goal of 2,000
individuals (ClinicalTrials.gov identifier NCT03688126), and the Multimodal
INtervention to delay Dementia and disability in rural China (MIND-CHINA) with
a recruitment goal of 3,000 individuals. A five-year RCT with over 2,000 participants
is currently at the planning stage in Canada (Can Thumbs Up), and an RCT with
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1,400 participants is planned in Latin America (LATAM-FINGER). These RCTs are
conducted within the World-Wide FINGERS (WW-FINGERS) global RCT network,
and they are described in a recent article by Kivipelto et al. (2020).

A number of smaller-scale RCTs are also planned or are already underway in
diverse settings and populations. These include: the Systematic Multi-domain
Alzheimer’s Risk Reduction Trial (SMARRT) (Yaffe et al., 2019), the Risk Reduction
for Alzheimer’s Disease (rrAD) (Szabo-Reed et al., 2019), and MINDSpeed (Clark et
al., 2019) in the United States; the Efficacy of Multiple Nonpharmacological
interventions in individuals with subjective memory decline (E.Mu.N.I) (Rolandi et
al., 2020) and the Study of the effects of adapted Tango and multidimensional
intervention in pREvention of dementia in aging: developing healthy lifestyle
programs (STRENGTH) (Giuli et al., 2020) in Italy; the Active Prevention in People
at risk of dementia: Lifestyle, bEhaviour change and Technology to REducE cognitive
and functional decline (APPLE-Tree) in the United Kingdom (Cooper et al., 2020);
the Body Brain Life for Cognitive Decline (BBL-CD) (McMaster et al., 2018), the RCT
of Body Brain Life—General Practice (BBL-GP) and a Lifestyle Modification
Programme (Kim et al., 2018), and the Protein Omega-3 aNd vitamin D Exercise
Research (PONDER) (Macpherson et al., 2019) in Australia; the SYNERGIC RCT in
the United Kingdom and Canada (Montero-Odasso et al., 2018); and the Efficacy of
a Multicomponent Cognitive Intervention in Adults with Subjective Cognitive
Decline and Mild Cognitive Impairments trial in Taiwan (ClinicalTrials.gov
identifier NCT04023032). WW-FINGERS associated RCTs, described by Kivipelto et
al. (2020), include: the GOIZ-ZAINDU and the Prevention of Cognitive Decline in
APOE &4 Carriers with Subjective Cognitive Decline After EGCG and a Multimodal
Intervention (PENSA) RCTs in Spain; the SINGapore intervention study to prevent
cognitive impairment and disability (SINGER); the AUstralian-Multidomain
Approach to Reduce Dementia Risk by PrOtecting Brain Health with Lifestyle
intervention (AU-ARROW); the Japan-multimodal intervention trial for prevention
of dementia (J-MINT), and the SUPERBRAIN RCT in South Korea (see also Park et
al., 2020).

In addition to lifestyle interventions, the complex intervention concept can be
applied also to multinutrient interventions, for example. Currently, the most
investigated multinutrient combination is Fortasyn Connect™, which contains
omega-3 fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA),
choline, uridine monophosphate, vitamins B6, B12, C, E, folic acid, phospholipids,
and selenium (Van Wijk et al., 2014). Fortasyn Connect™ is based on the rationale
that these nutrients act as precursors and cofactors for neuronal membrane
phospholipid synthesis (Van Wijk et al., 2014). All of them are needed to optimally
stimulate the formation of membranes, which in turn affects synaptic functioning
and AP production. Due to these potentially direct disease-modifying effects,
multinutrients such as Fortasyn Connect™ lie between pharmacological and non-
pharmacological interventions. The cognitive effects of Fortasyn Connect™ have
been investigated in mild (Scheltens et al., 2010, 2012) and mild-to-moderate AD
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dementia (Shah et al., 2013), and more recently in prodromal AD in the multinational
LipiDiDiet RCT (Soininen et al., 2017). Details of the LipiDiDiet RCT are presented
in section 4.1.4. The LipiDiDiet medical food intervention did not have a significant
effect on the primary outcome (two-year change in cognitive performance, measured
with NTB) (Soininen et al., 2017). Some beneficial effects were observed on certain
secondary outcomes, such as rate of hippocampal atrophy and change in CDR-SB
scores. After three years, the intervention group showed significantly less decline in
cognitive performance (NTB), cognitive-functional performance (CDR-SB), and brain
volumes than the control group (Soininen et al., 2020).

All the above-mentioned complex multidomain interventions were or are
delivered face-to-face. This is usually a resource-intensive approach because RCTs
need to recruit and train experienced staff and organize suitable facilities. Moreover,
this type of intervention is not easily or widely available and accessible, as only a
small group of individuals residing in a specific geographic area can be invited to
participate. To overcome these issues, multidomain online-based eHealth and
mHealth lifestyle interventions have been designed. Online interventions have been
shown to have the potential to improve the vascular risk profile in older adults
(Beishuizen et al., 2016). The current programs focusing on cognitive health—most
of them being relatively short with a small sample size —are summarized in a recent
systematic review and meta-analysis (Wesselman et al., 2019) and they are not
discussed exhaustively here. Completed or ongoing large, longer-term (at least six
months) eHealth and mHealth RCTs targeting middle-aged or older at-risk
individuals are discussed below.

The Healthy Ageing Through Internet Counselling in the Elderly (HATICE) RCT
investigated the efficacy of an online-based and coach-supported lifestyle
intervention in improving older adults’ vascular risk profile and reducing their risk
of CVD and dementia (Richard et al., 2016, 2019). Details of the HATICE RCT are
presented in section 4.1.2. In brief, HATICE recruited 2,724 individuals aged 65+
years without significant cognitive impairment or a diagnosis of neurocognitive
disorder/dementia, but with at least two vascular risk factors and/or CVD or
diabetes. Participants entered the intervention arm (platform with advice on risk
factor management and the possibility to interact with a coach) or the control arm
(platform with general advice and no contact with a coach). The primary outcome
was the change in vascular risk profile over 1.5 years, calculated as the change in a
composite score of three vascular risk factors (SBP, low-density lipoprotein LDL,
BMI). Other key outcomes were changes in individual vascular risk factors, the risk
of CVD and dementia based on risk scores, cognitive performance, and the incidence
of CVD. The vascular risk profile improved in both groups, but the intervention was
reported to have significant beneficial effects (Richard et al., 2019). A reduction was
observed in the dementia risk (CAIDE score), while no between-group differences
were observed in relation to cognitive performance.

Another completed eHealth lifestyle intervention targeting at-risk individuals is
the Innovative Midlife Intervention for Dementia Deterrence (In-MINDD), a six-
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month feasibility RCT in four European countries (O’Donnell et al., 2015). In this
RCT, participants were required to have at least one modifiable risk factor (a vascular
risk factor, CVD, diabetes, depression, lack of cognitive stimulation, or sedentary
lifestyle). In total, 451 non-demented individuals aged 40-60 years were randomized
into two groups. Participants in the intervention group had the opportunity to
discuss their LIBRA dementia risk score with a health care professional, and they got
access to an online platform with advice on how to manage their risk factors as well
as a possibility to set personal lifestyle goals. The control group received general
advice. At the end of the study, the control group was also given access to the
platform and all participants received information about their LIBRA scores. The
primary outcome was the change in the LIBRA score. No significant difference was
observed between the intervention and control groups after the six-month
intervention period (Irving, no date). Other endpoints in this RCT were related to the
feasibility and acceptability of the intervention.

Two large, long-term, lifestyle-based eHealth or mHealth RCTs are currently
ongoing: the three-year Australian Maintain your Brain (MYB) study targeting 6,236
individuals aged 55-77 years (Heffernan et al., 2019), and the 1.5-year United
Kingdom-China collaboration project Prevention of Dementia Through Mobile
Phone Applications (PRODEMOS, registration number ISRCTN15986016), which
plans to recruit 2,400 individuals with a similar age range to that in the MYB RCT
(Prodemos Project AMC, 2018). Both RCTs target non-demented older adults with
several modifiable risk factors. In the MYB RCT, participants are required to have at
least two risk factors that are different enough to ensure eligibility in at least two of
the four online intervention modules. Each module focuses on a different dementia
risk factor or group of risk factors (physical activity, nutrition, brain training, and
peace of mind dealing with depression/mental health). The control group gets access
to the online platform but receives general information instead of tailored advice. In
the PRODEMOS study, the focus is on individuals with low socioeconomic status
and poor access to health care. The intervention resembles that of the HATICE RCT
but is delivered through a mobile app.

In addition to these RCTs targeting individuals with dementia risk factors, a few
large projects focus on the more unselected general population. For example, in the
Dutch Brain Aging Monitor study, which was not an RCT, nearly 3,000 individuals
who registered on a website were given the opportunity to set lifestyle goals based
on their risk profile (Aalbers et al, 2016). In an ongoing RCT in Thailand
(ClinicalTrials.gov identifier NCT02967406), a combination of a three-year digital
lifestyle intervention and face-to-face support is being tested among 45-75-year-old
community-dwellers without dementia and CVD. The aim is to recruit 3,600
participants and the primary outcome is the incidence of dementia after 10 years.
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2.2.4 Challenges and considerations in trial design and intervention
implementation

The original studies in this thesis focus on some of the widely recognized key
challenges and considerations in the design, conduct, and implementation of
dementia prevention interventions. These include but are not limited to the selection
and recruitment of target populations, participant engagement and adherence, and
attitudes towards dementia and its prevention, including poor knowledge and the
stigma of dementia. These topics and recent relevant literature are discussed in the
next sections. Section 2.2.4.1 focuses on the role and potential added value of
qualitative research in exploring these issues in RCTs.

2.2.4.1 Complex trials call for complex methods: embedding qualitative research in
trials

Qualitative research embedded in RCTs is becoming increasingly common, in
particular in RCTs investigating complex interventions to change health behavior. In
this type of research, interviews or focus group discussions are conducted with
participants, study partners, or study staff to understand their perceptions of
different trial-related aspects. Qualitative research embedded in RCTs has the
potential to facilitate recruitment and generate hypotheses as to why a particular
intervention did or did not show any benefits (O’Cathain et al., 2013; Richards et al.,
2019).

In their systematic review of qualitative research embedded in RCTs, O’Cathain
et al. (2013) identified four common topics and areas of research. First, qualitative
research can aim to optimize the content and delivery of interventions by focusing
on participant experiences of different intervention components, the perceived
benefits of the intervention, or the feasibility, acceptability, and implementation of
the intervention in practice. Second, its focus can be on the RCT design and conduct,
with the aim to investigate experiences with recruitment and RCT procedures, as
well as reasons for participation, non-participation, non-adherence, or drop-out.
Furthermore, it can aim to identify local adaptations that could improve the RCT
conduct in multinational or multicenter settings. Third, qualitative studies can deal
with RCT outcomes: they can explore which outcomes participants consider
important and whether individual attitudes and preferences could explain the
observed differences in the response to treatment. Finally, the research questions in
qualitative studies can be related to the target condition itself. These studies explore
the participants’” health behaviors as well as their attitudes, beliefs, and experiences
with the disease.

Depending on the research question, qualitative studies embedded in RCTs can
take place before, during, or after the RCT. The latter approach is common in pilot or
feasibility studies in which the results might guide the planning of larger efficacy
RCTs. The systematic review mentioned above found that most embedded
qualitative studies were conducted after the RCT and dealt with participant
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experiences of the intervention; only 30% of the studies were conducted prior to
randomization (O’Cathain et al., 2013). However, the authors speculated that
qualitative studies might often be planned and undertaken in RCTs, but the results
are not always published.

Qualitative research has been conducted in many lifestyle RCTs targeting
different chronic health conditions and populations. For example, in an intervention
designed to support older adults’ mental and physical wellbeing (Lifestyle Matters),
qualitative research was undertaken to explore the participants’ perceptions of the
recruitment process (Chatters et al.,, 2018) as well as their experiences of the
intervention and its perceived effects after the RCT (Chatters et al., 2017; Mountain
etal., 2020). Aspects related to intervention feasibility and acceptability and its means
of delivery have been explored in RCTs focusing on chronic pain management (Nest
etal.,, 2016), obesity (Kozica et al., 2015), and diabetes prevention (Beasley et al., 2019),
for example. In one RCT targeting older adults at risk of CVD, diabetes, or
depression, qualitative studies were planned before and after the RCT to assess how
the participants perceived the intervention and what their attitudes were towards
lifestyle changes (Sahlen et al., 2013). In one diabetes prevention intervention among
at-risk older adults, interviews were conducted to assess how the participants
perceived their own health behavior and how they understood the concept of being
‘at risk” of diabetes (Felling et al., 2016).

With respect to lifestyle-based dementia prevention interventions, only a few
RCTs have reported results from qualitative substudies. In the preDIVA RCT, a
subsample of participants were interviewed on average four years after the start of
the intervention with the aim to understand their initial reasons for participation, and
to investigate which trial- or intervention-related features were important for their
active engagement in and adherence to the intervention (Ligthart et al., 2015). A
qualitative substudy in the Agewell pilot RCT explored the acceptability of the
intervention and potential barriers (Nelis et al., 2018). In the In-MINDD pilot RCT,
interviews were conducted to understand how the LIBRA score as a measure of
dementia risk was perceived by the participants and whether the awareness of this
risk affected their willingness to engage in the intervention and improve their
lifestyles (Irving, no date). Another aim in this project was to assess the feasibility
and acceptability of the intervention and its means of delivery (i.e,, an online
platform). Indeed, in eHealth interventions, interviews or focus groups with the
potential end-users can be helpful to ensure that the online platforms are
appropriately designed and appear attractive and interesting (Jongstra et al., 2017;
Wesselman et al., 2018).

2.2.4.2 Selection and recruitment of target populations

In dementia prevention RCTs, selecting and enrolling the appropriate target
population is considered one of the key determinants for success. Following the
frequent failures of RCTs, it has become clear that targeting mild to moderate AD
patients with already substantial impairment is not an ideal strategy to investigate
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disease-modifying therapies. Brain pathology is suggested to occur and accumulate
as early as decades before the onset of the first symptoms (at least when measured
with the currently available cognitive and functional scales) (Jack et al., 2010, 2013),
which is why reducing or reversing the pathology at such an advanced stage is
unlikely to result in clinical benefits. The majority of the ongoing and recently
completed/terminated pharmacological RCTs have, therefore, recruited individuals
at pre-dementia stages. Various enrichment and/or diagnostic confirmation
strategies have been applied in order to identify homogeneous populations at a high
risk of cognitive decline. The most common strategy, in particular in prodromal AD
drug RCTs, is to confirm the A status prior to enrolment. Grill et al. (2019) reviewed
the eligibility criteria of all ClinicalTrials.gov registered RCTs recruiting or planning
to recruit individuals with prodromal AD or MCI due to AD and concluded that 70%
of the RCTs required AP positivity for eligibility. This requirement stems from
experiences in the earlier RCTs, which relied on clinical inclusion criteria. In RCTs
investigating A antibodies bapineuzumab and solanezumab, for example, up to
20% of randomized participants were A3 negative (Salloway et al., 2014; Siemers et
al., 2016).

A assessment has also been used to detect preclinical AD in cognitively healthy
individuals (Sperling et al., 2014). Another relevant enrichment strategy in this
population is selection based on an AD mutation (Bateman et al., 2017; Tariot et al.,
2018) or APOE genotype, alone or combined with other genetic and non-modifiable
factors (Burns et al., 2019; Lopez Lopez et al., 2019). In both prodromal and preclinical
AD, the research diagnostic criteria for AD could facilitate recruitment and help
match individuals with a desired biological profile with the right investigational
therapy. Some RCTs have already incorporated these strategies (Coric et al., 2015;
Ostrowitzki et al., 2017; Soininen et al., 2017; Wessels et al., 2020). Many simulation
studies (Bertens et al., 2017; Holland et al., 2012; Insel et al., 2015b; Wolz et al., 2016),
but not all (Schneider et al., 2010), have shown that recruiting biologically more
homogeneous participants (i.e., those with the most evidence for AD-typical
pathology) could reduce the sample sizes required to observe a treatment effect and
lead to shorter RCTs. Most of these studies were conducted in the Alzheimer’s
Disease Neuroimaging Initiative (ADNI) cohort. Similar findings were reported in
one study that used data from a large real-life phase III RCT targeting mild-to-
moderate AD (Ballard et al.,, 2019). This study investigated the A status, APOE
genotype, and family history as potential enrichment factors.

As opposed to pharmacological RCTs where biomarker-based selection is often
warranted due to the drug’s specific mechanism of action, complex multidomain
lifestyle interventions—particularly if community-based —can have broader and
more pragmatic eligibility criteria. However, the question of the optimal target
population still remains in these RCTs (Richard et al.,, 2012). The timing of the
intervention is one key challenge. As discussed earlier in this literature review, mid-
life might be the optimal time to intervene due to the time-dependent nature of many
vascular risk factors, but it is not feasible to conduct such long RCTs. The few large
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multidomain RCTs conducted so far all targeted older adults, although the FINGER
participants were on average somewhat younger than the MAPT and preDIVA
participants (69 vs. 75 years) (Andrieu et al., 2017; Ngandu et al., 2015; van Charante
et al, 2016). Another consideration is the baseline cognitive performance. The
FINGER, MAPT, and preDIVA RCTs all targeted individuals without significant
cognitive impairment, but FINGER screened individuals with a range of cognitive
tests to identify those with a cognitive performance at the mean level or slightly lower
than expected for age and to exclude those with a very good performance. This was
pursued in the MAPT RCT as well, by including individuals with subjective memory
complaints and/or signs of frailty. In contrast, the preDIVA RCT did not apply any
cognitive selection criteria. Finally, it is unclear to what extent the target population
should be enriched for vascular and other modifiable risk factors of interest. In the
FINGER RCT, the CAIDE score was used in participant selection, whereas
modifiable risk factors were not taken into account in recruitment for the MAPT or
preDIVA RCTs.

In addition to participant selection, effective recruitment is a challenge in AD and
dementia RCTs. For example, in large phase III drug RCTs it can take several years
to reach the recruitment goal (Cummings et al., 2016). This is partly due to extensive
eligibility criteria and exclusion of a large group of older adults. For instance, older
adults usually have medical conditions other than AD or cognitive impairment, but
drug RCTs might exclude frail individuals or those with multiple co-morbidities and
medications due to safety concerns. Contraindications for lumbar puncture or
neuroimaging may prevent participation, especially in drug RCTs. Furthermore, the
common requirement of a study partner to provide information about the
participant’s status and wellbeing excludes those without a family or close friend. A
systematic review estimated that among memory clinic patients diagnosed with AD
dementia, only 26% met the eligibility criteria for pharmacological RCTs (Cooper et
al., 2014). Less than half of these patients (43%) were willing to participate, meaning
that only approximately one out of 10 patients was ultimately enrolled in a trial.

In the new prevention RCTs that target earlier disease stages, cognitive eligibility
criteria are stricter and biomarker testing is integrated into the process, and this could
make recruitment particularly challenging. Requirements for abnormal biomarkers
lead to fewer eligible individuals. For example, approximately 35-45% of the ADNI
subjects with MCI were shown to be A{ negative, depending on the study and
method used to assess the AP status (CSF or PET) (Grill et al., 2019; Landau et al.,
2016). Indeed, screening failure rates have been high in some of the recent phase II or
III RCTs targeting early prodromal and/or mild AD: only around 20-30% of those
who agreed to participate and underwent screening were randomized (Coric et al.,
2015; Egan et al., 2019; Ostrowitzki et al., 2017; Wessels et al., 2020). Being biomarker
negative despite having the right clinical and cognitive profile was a key reason
behind the screening failure in some of these RCTs. In a recent study on participant
enrichment in mild-to-moderate AD RCTs, the authors concluded that selection
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based on APOE &4 and/or Af positivity would be the ideal strategy, but less than
20% of the subsample with data available met these criteria (Ballard et al., 2019).

The requirement for biomarker positivity not only reduces the number of eligible
individuals but also affects the willingness to participate in RCTs. Risks and fear of
invasive treatments and procedures, such as lumbar punctures or PET imaging, are
a barrier to enrollment, especially among those with only mild symptoms or no
symptoms at all (Grill et al.,, 2013; Nuno et al., 2017). Recruitment for complex
multidomain lifestyle interventions might be slightly easier because eligibility
criteria are usually kept to the minimum. In addition, attitudes might in general be
more positive towards non-pharmacological than pharmacological interventions
(Calamia et al., 2016). In the FINGER, MAPT, and preDIVA RCTs, approximately 45—
65% of those assessed for eligibility at the screening stage were ultimately
randomized (Andrieu et al., 2017; Ngandu et al., 2015; van Charante et al., 2016).

One proposed strategy to streamline recruitment in future RCTs and to
potentially engage individuals who previously may not have been effectively
reached is to develop large online study registries. Currently available registries
include the Brain Health Registry (Weiner et al., 2018), Alzheimer’s Prevention
Registry (Banner Alzheimer’s Institute, 2020; Langbaum et al., 2020), TrialMatch
(Alzheimer’s Association, 2020), and GeneMatch (Langbaum et al., 2019) in the
United States, Great Minds in the United Kingdom (Dementias Platform UK, 2020),
and hersenonderzoek.nl in the Netherlands (Alzheimercentrum Amsterdam, no
date). Registries can be quite simple or serve as detailed data repositories. Simple
registries require only basic demographic information at the first stage and there are
no exclusion criteria. When recruiting for an RCT, individuals who have shown an
interest in studies and given permission to be contacted on this platform could be
pre-screened and invited to participate.

While eligibility criteria are necessary in RCTs to ensure that the interventions are
administered to the appropriate target populations, the study population should
ideally be as representative of the true end users of the treatment as possible. Poor
representativeness might limit the generalizability of the findings. As mentioned
earlier, RCT participants tend to be healthier in general than non-participants.
Moreover, individuals with AD dementia who meet the eligibility criteria and enroll
in RCTs tend to be younger, more educated, and more often men than those who are
ineligible (Cooper et al, 2014). Research done in preclinical AD found that
individuals representing ethnic minorities might be less likely to enroll in RCTs
(Zhou et al., 2017). Similar issues might be present also in complex multidomain
lifestyle interventions, but little is currently known about the study population
representativeness in these studies. In the FINGER RCT, those who underwent
screening were younger, more often women, and had a higher level of education than
those who were invited but decided not to attend (Ngandu et al., 2014). They also
had fewer vascular risk factors and less often a history of CVD. In the MAPT RCT,
such detailed information about the target population was not available. However,
based on the high proportion of participants with a university level education
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(approximately 30%), the study population might not have been entirely
representative of the general older population (Andrieu et al., 2017). Issues with
representativeness might occur also in eHealth interventions targeting older adults.
Although Internet use is on the rise among older adults (European Union, 2019) and
those familiar with the Internet might be highly interested in eHealth (Wesselman et
al., 2018), individuals with no experience or a negative attitude towards using the
Internet might be more skeptical and reluctant to take part (De Veer et al., 2015).
Compared with non-participants, older adults participating in eHealth RCTs are
more frequent Internet users and more confident in their computer skills, but also
younger and more educated and socially active (Poli et al., 2019). They also have
better cognition. The FINGER research team also reported that age, education level,
cognition, and previous use of computers were associated with adherence to the
computerized cognitive training program (Turunen et al., 2019).

2.2.4.3 Participant engagement and adherence

Participant engagement and adherence to interventions is an important
consideration, in particular in dementia prevention RCTs that focus on lifestyle
modification and risk factor self-management. Adherence to recommendations and
the intervention protocol is a key determinant of treatment efficacy, as shown for
example in type 2 diabetes prevention research (Dunkley et al., 2014). Yet, changing
behavior and adopting a healthier lifestyle is difficult. Individuals also do not always
perceive lifestyle changes as necessary even if risk factors are present (Brotons et al.,
2012; Kotseva et al., 2020). Another challenge is to sustain healthier habits and stay
engaged during the entire intervention period, which usually needs to be long in
prevention RCTs that target individuals without significant cognitive impairment
(Richard et al., 2012). In the FINGER, MAPT, and preDIVA RCTs, discontinuation
rates tended to increase with increasing study duration. The drop-out rate was 11%
in the two-year FINGER (Ngandu et al., 2015), 21% in the three-year MAPT (Andrieu
et al., 2017), and 38% in the six-year preDIVA RCT (van Charante et al., 2016).

In addition to the mere discontinuation rate, in complex multidomain RCTs it is
also informative to measure active participation in the different intervention
domains. However, it is noteworthy that adherence to intervention activities and
adherence to healthy lifestyle changes are two different aspects (the latter can also be
assessed among control group participants who often receive general care or advice).
Currently, there is no widely accepted definition for adherence to multidomain
preventive interventions, and it is unclear how much intervention exposure is
required for optimal effects—and how little would be enough to obtain some
benefits. In the preDIVA, MAPT, and FINGER RCTs, adherence to the multidomain
intervention decreased with increasing intervention intensity and complexity
(Beishuizen et al., 2017; Coley et al., 2019). In the least demanding preDIVA
intervention (i.e.,, only nurse consultations), the adherence rate was 78% when
defined as attendance in at least two-thirds of all scheduled sessions (Beishuizen et
al.,, 2017). In the MAPT RCT, there were two and in the FINGER RCT four separate

57



intervention components. Using the same definition of adherence than in preDIVA,
61% of MAPT and 19% of FINGER participants engaged simultaneously in all
components (Coley et al., 2019). With respect to individual intervention components,
adherence to the more passive components was high (e.g., 93% for vascular risk
monitoring visits in the FINGER RCT and 76% for omega-3/placebo supplementation
in the MAPT RCT), but substantially lower for activities requiring more personal
effort (e.g., approximately 50% and 25% for the FINGER exercise and cognitive
training sessions, respectively) (Coley et al., 2019). Some factors, including higher
age, poorer cognition, depressive symptoms, and smoking, were identified as
potential predictors of a lower adherence or non-adherence, but there was no
consistent pattern and results varied across the RCTs and different intervention
components (Beishuizen et al., 2017; Coley et al., 2019).

With respect to eHealth and mHealth interventions, measuring adherence is
usually less straightforward than in face-to-face interventions. This is because it can
be defined in many different ways (Sieverink et al, 2017). Examples include
recording the number of logins or total time spent on the website or app, the number
of webpages accessed and viewed, or the number of certain features used. Apart from
In-MINDD and HATICE, the completed eHealth RCTs have not reported detailed
adherence data, and the determinants of engagement are unknown (Wesselman et
al., 2019). In the In-MINDD study, an algorithm was used to study which webpages
related to different risk factors were most frequently visited (Irving, no date). Diet,
exercise, and BP control appeared the most interesting topics, whereas only
approximately 5% of all views were related to weight management and cognitive
activities. The number of logins per participant or the actual use of the program for
the intended purpose (e.g., the number of lifestyle goals set) was not recorded in the
In-MINDD study. In the HATICE study, the median number of monthly logins in
the intervention group was rather low, approximately two (Richard et al., 2019). The
platform was used most frequently during the first six months, but the number of
logins decreased gradually over time. Nevertheless, around 90% of the participants
contacted the coach actively at least once, and around 30% sent more than 10
messages. Approximately 90% also set at least one lifestyle goal; most goals were
related to weight management or physical activity. A few qualitative and mixed-
method studies have explored which factors and features of an online program
would facilitate its use and improve participant engagement and adherence (Jongstra
et al., 2017; Wesselman et al., 2018). Important considerations identified in these
studies were user-friendliness (e.g., no difficult passwords or user accounts are
needed to login); a clear structure and visually pleasing layout; personalized,
comprehensive, and up-to-date content; possibility to receive reminders; and
positive and encouraging feedback focusing on health rather than disease (e.g.,
referring to risk factors as ‘health factors’).

Regardless of their design or means of delivery, when planning meaningful and
engaging multidomain interventions, it is of interest to consider older adults’
motivations and expectations towards participation. In the context of other chronic
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conditions, altruistic reasons and a willingness to help, as well as obtaining personal
benefits such as health gains, have been highlighted as the most important incentives
to participate in RCTs (Fearn et al., 2010; Halpern et al., 2003; Nielsen & Berthelsen,
2019; Reed et al., 2013; Tolmie et al., 2004). These two reasons are also the most
common motivators in AD and dementia research, but little is known about the
reasons for participating specifically in multidomain prevention RCTs. Altruistic
reasons identified in previous studies include the willingness to help (loved ones,
future generations, or others in the same situation) (Bardach et al., 2018; Grill et al.,
2013; Nufio et al., 2017) as well as benefitting society by advancing science and
contributing to the development of new treatments (Calamia et al., 2016; Cox et al.,
2019; Jefferson et al., 2011; Lawrence et al., 2014). Common personal reasons include
receiving regular medical check-ups and feedback about one’s own health;
continuity of care and getting support from health care professionals; the need for
more information; the desire to reduce personal dementia risk; and access to new
effective medications (Calamia et al., 2016; Cox et al., 2019; Grill et al., 2013; Lawrence
et al., 2014; Solomon et al., 2012). Diagnostic confirmation and being informed about
one’s prognosis are of particular importance for those with manifest cognitive
impairment (Lawrence et al., 2014). Other reasons, such as having nothing to lose or
no specific reason to decline, receiving medical care free of charge, or meeting and
connecting with other people in the same situation, are usually listed as less
important reasons (Bardach et al., 2018; Cox et al., 2019; Grill et al., 2013; Solomon et
al., 2012).

2.2.4 .4 Limited knowledge and the stigma of dementia

Older adults” poor understanding of dementia and the surrounding stigma are a
major challenge to research participation as well as implementation and uptake of
preventive interventions. Stigma of dementia is common, not only in the general
public but also among health care professionals (Herrmann et al., 2018). Even
affected individuals can experience and express a stigma (Ashworth, 2020;
Xanthopoulou & McCabe, 2019). One study showed that older adults who were
aware of their diagnosis experienced more anxiety and a poorer quality of life than
those who were unaware of the diagnostic label, regardless of the actual symptoms
and their impact on everyday life (Stites et al., 2017). Stigma as a concept refers to the
myths, misconceptions, negative feelings, and stereotypes that are thought to apply
to all persons sharing a specific feature, in this case a diagnosis of dementia.
Dementia and related disorders are commonly associated with feelings of pity,
shame, and fear, as well as social distancing and discrimination (Stites et al., 2018;
Xanthopoulou & McCabe, 2019). Concerns over loss of control and competence are
common, and individuals living with dementia are perceived as incapable of being
involved in any decision-making concerning their own health and wellbeing (Stites
et al, 2018; Xanthopoulou & McCabe, 2019). Stigma can have many negative
consequences. It can discourage people to actively seek help for early symptoms and,
thus, delay a timely diagnosis and early intervention (Herrmann et al., 2018; Werner
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et al., 2014). Because of the stigma and fear of possible consequences, people might
also be suspicious towards gene and biomarker testing (Milne et al., 2018; Stites et
al., 2018). Current prevention RCTs often rely on these assessments, and stigma
might therefore be a barrier to research and RCT participation.

Stigma and knowledge of dementia are tightly linked. Those with limited
knowledge and understanding often express views and opinions indicating a stigma
(Herrmann et al.,, 2018). Surveys conducted around the world have consistently
reported that the general knowledge of dementia is poor (Cations et al., 2018; Farina
etal., 2020; Liu et al., 2019). Dementia is often associated with high age and perceived
as a natural part of getting old which cannot be prevented. According to one
systematic review of surveys, approximately half of the respondents held these
beliefs (Cations et al., 2018). In a recent survey on attitudes to dementia, which
included nearly 70,000 respondents from 155 countries, 70% of the general public and
62% of health care professionals thought that dementia was not a disorder but a part
of normal aging (Alzheimer’s Disease International, 2019). In total, 25% agreed with
the statement that nothing can be done to prevent dementia, and 88% of the
respondents named APOE as a cause of the disease. Approximately half of the
respondents in this survey (55%) agreed that an unhealthy lifestyle could contribute
to dementia. Some other studies have suggested that people might recognize some
risk and protective factors better than others (Heger et al., 2019). Lack of knowledge
could be a barrier to dementia prevention and prevention research because it could
hinder people from adopting a brain-heathier lifestyle (Bosco et al., 2020; Heger et
al., 2019; Smith et al., 2015). Initiatives to improve knowledge are currently
underway, including an RCT to investigate the efficacy of an online intervention in
reducing the stigma that surrounds dementia (Kim et al, 2019). Qualitative
explorations of older adults’ knowledge, potential knowledge gaps, and barriers to
engagement in prevention have been incorporated into some prevention RCTs
(Cooper et al., 2020; Irving, no date; O’Donnell et al., 2015), but evidence is scarce.
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3 AIMS OF THE STUDY

By combining quantitative and qualitative approaches, this thesis aims to offer
insights into the selection and engagement of target populations in dementia
prevention RCTs. The focus was on 1) assessing heterogeneity in the response to a
multidomain preventive intervention to understand the prevention potential in
different subgroups, 2) investigating older adults’ motivations and attitudes towards
prevention and participation in a prevention RCT, and 3) exploring risk factors, AD
biomarkers, and research diagnostic criteria for AD as well as their impact on disease
progression in two different cohorts to inform participant selection for future RCTs.

The specific aims of the studies were as follows:

I. To investigate whether participant baseline characteristics, including
demographics, socioeconomic status, cognitive performance, and the vascular risk
profile, modified the cognitive response to intervention in a multidomain lifestyle
prevention RCT (FINGER) targeting at-risk older adults without significant cognitive
impairment.

II. To investigate reasons for participation in a multinational, multidomain eHealth
lifestyle prevention RCT (HATICE) targeting at-risk older adults without significant
cognitive impairment.

III. To explore the knowledge of and attitudes towards dementia and prevention
among older adults participating in a multinational, multidomain eHealth lifestyle
prevention RCT (HATICE).

IV. To study the prognosis of memory clinic patients with MCI and normal CSF Af3
levels and investigate AD biomarkers, clinical characteristics, and vascular risk
factors as potential predictors of progression to dementia.

V. To apply the research diagnostic criteria for AD to the prodromal AD population

enrolled in the multinational LipiDiDiet RCT and investigate the impact of
biomarker profiles on cognitive/functional decline and progression to dementia.
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4 SUBJECTS AND METHODS

The studies presented in this thesis were conducted using data from three large
prevention RCTs (Studies I-1II & V) and one observational memory clinic cohort
(Study IV). The study designs and methods are summarized in Table 2. The FINGER
and HATICE studies are RCTs investigating the effects of a multidomain lifestyle
intervention on cognition, either as a primary (FINGER) or secondary outcome
(HATICE). A key difference between these RCTs is the delivery of the intervention
(a traditional face-to-face vs. eHealth approach). The LipiDiDiet RCT investigated
the effects of a multinutrient medical food product on cognition. Study I investigated
the intervention effects in subgroups of participants (in FINGER), studies II and III
focused on RCT participation and the target population perspective (in HATICE),
and studies IV and V investigated biomarker profiles and disease progression in two
different cohorts (the LipiDiDiet and memory clinic cohorts).

All study populations were at increased risk of cognitive decline and dementia,
thus representing potentially attractive target populations for preventive strategies.
The FINGER and HATICE participants were mostly community-dwelling older
adults who did not have significant cognitive impairment but were at risk of future
cognitive decline based on their vascular and lifestyle-related risk profile (both RCTs)
as well as their cognitive performance (FINGER). The memory clinic and LipiDiDiet
cohorts consisted of individuals with mild cognitive impairment and varying levels
of evidence for underlying AD-type pathology. The memory clinic patients in Study
IV had CSF A within the normal range (based on laboratory cut-offs) and were
assumed to have a lower risk of AD-type dementia. The LipiDiDiet participants met
the IWG-1 criteria for prodromal AD and were at higher risk of AD dementia.
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Table 2. Summary of subjects and methods.

Study Setting Design Population Data Outcomes
Community- Demographics,
S dwelling at-risk socioeconomic Change in cognition
Longitudinal; . -
FINGER o older adults with  status,cognition, (NTB total, memory,
pre-specified S e ) . . .
no significant medical history, executive function &
RCT subgroup o - .
- cognitive vascular risk processing speed
analysis . .
impairment factors & scores)
(N=1,260) risk profile
I At-risk old Questionnaire, Reasons for
Cross- t-:'|s gher semi-structured participation in the
sectional; adults with no interviews HATICE RCT
HATICE ’ significant
substudy o
RCT cognitive Knowledge and
(ACCEPT- i i t Semi-structured ti f
I HATICE) impairmen emi-structure perceptions o
(N=343; N=15)? interviews dementia and
prevention
Demographics,
University Longltudlqal; Patients with cqgnltlgn,
. retrospective medical history, .
hospital . MCI and normal . Progression to
\% review of vascular risk .
memory medical levels of CSF factors. APOE. dementia
clinic AB (N=318) A ’
records biomarkers,
CAIDE score
Change in cognition
Patients with and function
P prodromal AD, Demographics, (NTB composite,
LioiDiDi Longitudinal; . . o
vV ipiDiDiet post hoc i.e. mild memory cognition, total, memory,
RCT analvsis impairment and biomarkers, executive function &
Y AD-biomarkers APOE CDR-SB scores);

(N=287)°

progression to
dementia

a Subsample of HATICE participants (N=2,724); N=343 in Study Il (two individuals did not fill
in the questionnaire but were interviewed) and a subsample of N=15 in Study I

b Subsample of LipiDiDiet participants (N=311); all participants with centrally analyzed

biomarkers at baseline
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4.1 STUDY SETTINGS AND DESIGNS

4.11 The FINGER trial (Study I)

The FINGER RCT targeted community-dwelling older adults who did not have any
significant cognitive impairment when the RCT started, but who were at increased
risk of cognitive decline (Kivipelto et al., 2013; Ngandu et al., 2015). A detailed
description of participant selection and eligibility criteria can be found in section
4.2.1. Recruitment took place between 2009 and 2011, and the two-year RCT was
completed in 2014. A total of 2,654 individuals were screened and 1,260 were
randomized at a 1:1 ratio into the lifestyle intervention (N=631) and control groups
(N=629). The primary outcome studied was the change in cognitive performance
over two years, defined as a change in the NTB total score. Scores for individual
cognitive domains were specified as the secondary cognitive outcomes. Other
secondary endpoints were changes in individual vascular risk factors (BP, BMI,
blood lipids, glucose), lifestyle (diet, physical activity), physical performance, and
depressive symptoms. Safety and compliance were also assessed. The intervention
demonstrated overall beneficial effects on the primary endpoint, which is why the
pre-specified subgroup analyses performed in Study [ were warranted to investigate
participant baseline characteristics as potential modifiers of the benefits and response
to the intervention.

In the FINGER RCT, the multidomain lifestyle-based intervention was delivered
face-to-face by an experienced multidisciplinary team of trained nurses, physicians,
psychologists, nutritionists, and physiotherapists, both individually and in small
groups. Complete double-blinding was difficult to achieve due to the nature of the
intervention, but outcome assessors were blinded to the randomization status and
the intervention/control group allocation was not disclosed to the participants. The
multidomain intervention followed national and international recommendations
and guidelines (National Nutrition Council, 2005; Nelson et al., 2007; Working group
appointed by the Finnish Medical Society Duodecim and the Finnish Hypertension
Society, 2009; Working group appointed by the Finnish Medical Society Duodecim
and the Medical Advisory Board of the Finnish Diabetes Society, 2007; Working
group set up by the Finnish Medical Society Duodecim and Finnish Society of
Internal Medicine, 2009) and built partly on previous studies (Dahlin et al., 2008;
Komulainen et al., 2010). The focus was on four components: diet, physical activity,
cognition, and improvement and management of vascular risk factors. Social
engagement and support were linked to each of these components and can be
considered a fifth constituent. To facilitate engagement in and adherence to the
intensive lifestyle program, the intervention components were introduced gradually.
The two-year intervention program included a total of 10 sessions of dietary
counselling (three individual and seven group sessions), 10-11 cognitive group
sessions, two six-month periods of independent computer-based cognitive training
(72 sessions per period, 10-15 minutes per session), three to eight weekly exercise
sessions (one to three resistance and two to five aerobic training sessions; lower
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frequency at the beginning), and six additional physician or nurse consultations to
further address potential vascular risk factors. The number and content of
intervention sessions was similar for all participants regardless of their individual
risk profile or personal interests. Nevertheless, participants received tailored
instructions and advice based on their lifestyle and health status. For example, the
individual dietary counselling meetings focused on each person’s own dietary
challenges and habits. All the intervention activities were also progressive in nature.
One example were the resistance and aerobic training programs, which were
regularly adjusted. Another example was cognitive training, where the tasks became
increasingly difficult with improved performance. At baseline, all participants both
in the intervention and control groups received advice and written material about
dietary and exercise recommendations to manage vascular risk factors. Afterwards,
the control group was offered regular health advice during the visits that were
intended for all participants (three nurse visits for measurements and blood tests, a
physician’s visit at the end). As the FINGER intervention was non-pharmacological,
both the intervention and control group participants were advised to contact their
regular health care provider if the initiation or adjustment of medication was deemed
necessary.

4.1.2 The HATICE trial and ACCEPT-HATICE substudy (Studies Il & lll)

Studies II & III are based on the HATICE RCT, an 18-month eHealth RCT conducted
in Finland (in the Kuopio and Joensuu area in Eastern Finland), France (in the
Toulouse area), and the Netherlands (in Amsterdam) (Richard et al., 2016, 2019).
Recruitment took place between 2015 and 2016, and the RCT was completed in 2018.
The HATICE RCT investigated the efficacy of an Internet-based multidomain
lifestyle intervention in promoting vascular health and preventing CVD and
cognitive decline. The primary outcome was the change in the vascular risk profile,
which was defined by a composite score comprising SBP, LDL, and BMI. Secondary
outcomes included changes in the individual vascular risk factors, physical activity,
and CVD and CAIDE risk scores. Incident CVD and cognitive functioning were also
listed as secondary outcomes. The use of the online platform and login frequency
were also assessed in the study.

Like the FINGER RCT, HATICE targeted older adults who did not have any
significant cognitive impairment when the RCT started, but who were at increased
risk of cognitive decline and had the potential for risk reduction (for a detailed
description of participant selection and eligibility criteria, see section 4.2.2). A total
of 4,857 individuals were screened and 2,724 (1,471 in the Netherlands, 885 in
Finland, and 368 in France) were randomized at a 1:1 ratio into the multidomain
lifestyle intervention (N=1,389) and control groups (N=1,335). In contrast to the
FINGER intervention, the HATICE intervention was delivered entirely online
through a secure Internet platform designed for this RCT (Barbera et al., 2018;
Jongstra et al., 2017). The intervention focused on seven different risk factors:
hypertension, hyperlipidemia, obesity, smoking, physical inactivity, unhealthy
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dietary habits, and diabetes. Recommendations followed national and European
evidence-based guidelines and were tailored according to the participants’ lifestyle
and health status (Barbera et al., 2018). Health care professionals (referred to as
lifestyle coaches in this RCT) encouraged and motivated the participants to
independently manage and reduce the risk factors relevant for them. The participants
were able to set concrete personal goals on the online platform, for example they
could enter BP measurements or blood test results to receive feedback and track their
own progress. They could also view educational content (videos, written material,
games) and connect with fellow participants. Coaches monitored progress remotely.
The control group participants were offered access to a website with regular generic
health advice and no possibility to interact or discuss matters with a coach. All
participants received an online questionnaire every three months and a phone call
after one year to collect outcome-related information. During this call, the coaches
motivated the intervention group participants to sustain their lifestyle changes
and/or encouraged them to set new goals. Similarly to the FINGER intervention, the
HATICE intervention did not have a pharmacological component, and the
participants were advised to contact their regular health care provider if necessary.
Like in FINGER, blinding in the HATICE RCT was pursued as much as possible.
Coaches were not blinded, but group allocation was not disclosed to the participants
and outcome assessors were blinded to the randomization status.

Studies II & III were conducted in a subsample of the HATICE RCT participants
as part of the ACCEPT-HATICE ancillary substudy. The aim of the ACCEPT-
HATICE study was to investigate potential determinants of participation and non-
participation in the HATICE RCT as well as perceptions regarding CVD and
dementia prevention. Data in the ACCEPT-HATICE substudy were collected in two
stages. Quantitative data collection using an online questionnaire about reasons for
participating in the HATICE RCT was followed by semi-structured interviews with
a subsample of questionnaire respondents. Sociodemographic and other baseline
variables (e.g., vascular risk factors) were collected as part of the HATICE RCT
procedures. From April 2016 onwards, newly recruited HATICE participants in all
three countries (Finland, France, the Netherlands) were invited to fill in the
questionnaire (for a detailed description of the questionnaire, see section 4.3.2.2).
There were no specific inclusion or exclusion criteria for the ACCEPT-HATICE
substudy. Data from participants who did not ultimately enroll in the HATICE RCT
(e.g., due to withdrawal or ineligibility) were later excluded. Participants were
invited to fill in the questionnaire directly after pre-screening before the screening
visit or latest before the baseline visit. Questionnaire respondents who had consented
to be re-contacted were identified during June-August 2016, and a convenience
sample, in all three countries, was invited for face-to-face interviews (for a detailed
description of the interviews, see section 4.3.2.3). Participants who had had their
baseline visit more than three months previously were not contacted. This was done
to minimize the risk that trial-related activities and the intervention itself could have
potentially affected their opinions.
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4.1.3 The Karolinska University Hospital Memory Clinic (Study IV)

Study IV was conducted at the Karolinska University Hospital Theme Aging
Memory Clinic in Stockholm, Sweden. The Memory Unit in Stockholm consists of
two specialized outpatient clinics, one located in the Solna area and one in the
Huddinge area. The unit examines individuals with suspected cognitive impairment
referred by general practitioners (GP) or other physicians in the catchment area, and
it has additional responsibility for early-onset cognitive impairment in the entire
Stockholm area and hereditary cases in Sweden. Altogether, the clinics examine
approximately 800 new patients per year, and at referral, most patients are diagnosed
with SCI or MCL Study IV included patients examined at the Huddinge memory
clinic (hereafter referred to as the ‘Memory Clinic’).

Routine procedures at the Memory Clinic include the following assessments: a
comprehensive medical examination and anamnesis, a neuropsychological
evaluation, neuroimaging, blood chemistry to rule out somatic causes of cognitive
symptoms, and CSF collection. The necessity for other assessments is evaluated on a
case-by-case basis. Patients are also routinely invited, and most accept, to give their
informed consent for their clinical data and samples to be included in the Karolinska
University Hospital Theme Aging electronic database and biobank for clinical
research. A multidisciplinary team of experts evaluates each case and reaches a
consensus diagnosis usually within a few months since the patient’s first visit to the
clinic. After diagnosis, patients are referred to their primary care unit or followed up
at the Memory Clinic, depending on the diagnosis and physician’s evaluation of the
patients’ overall situation.

In Study IV, Memory Clinic patient records were reviewed retrospectively.
Patients diagnosed with MCI at the Memory Clinic were identified in the research
database, and their baseline data were collected in 2014 from electronic medical
records (for a detailed description of participant selection and eligibility criteria, see
section 4.2.3). Patient characteristics obtained from the medical records were chosen
based on optimal data availability and included the following: the date of MCI
diagnosis, demographics (age, sex, years of formal education), cognitive performance
(Mini-Mental State Examination MMSE (Folstein et al., 1975) and the Rey Auditory
Verbal Learning Test RAVLT (Rosenberg et al., 1984), immediate and delayed recall),
CSF and imaging biomarkers (CSF Ap42, t-tau, p-tau, and visual rating of MTA),
non-modifiable risk factors (APOE genotype, family history of dementia), depressive
symptoms (Cornell Scale for Depression in Dementia score, Alexopoulos et al., 1988),
use of medications and medical history (with a focus on hypertension,
hyperlipidemia, and diabetes), and individual vascular risk factors (BP, smoking
status, BMI). Medical records were reviewed again in 2018 for follow-up diagnoses,
and the date and type of dementia diagnosis was recorded. For those who had not
progressed to dementia, the date of the most recent follow-up visit was recorded.
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4.1.4 The LipiDiDiet trial (Study V)

Study V is a post hoc analysis of the LipiDiDiet RCT, which is a multicenter RCT
conducted at 11 study sites in Finland, Germany, Sweden, and the Netherlands
(Soininen et al., 2017). Recruitment took place between 2009 and 2013, and the two-
year core RCT was completed in 2015. Up to four 12-month double-blind
interventional extension studies were completed at each site. The LipiDiDiet RCT
investigated the efficacy of the Fortasyn Connect™ multinutrient in preventing
cognitive decline. The primary outcome was the two-year change in cognitive
performance, defined as a change in an NTB composite score. Changes in the
individual domain-specific scores and the total NTB score were specified as the
secondary cognitive outcomes. Other secondary outcomes were the change in
cognitive-functional performance (CDR-SB score), rate of brain atrophy, changes in
blood lipids and fatty acid profiles, as well as incident dementia after two years of
intervention. Safety and compliance were also assessed.

The LipiDiDiet RCT targeted cognitively mildly impaired individuals with
prodromal AD (for a detailed description of participant selection and eligibility
criteria, see section 4.2.4). Participants were primarily recruited from memory clinics.
A total of 382 individuals were screened and 311 were randomized at a 1:1 ratio into
the intervention (N=153) and control groups (N=158). The intervention group
consumed a 125 ml vanilla- or strawberry-flavored dose of the medical food product
Souvenaid® (produced by Nutricia, Zoetermeer, the Netherlands) once a day.
Control group participants received a 125 ml placebo product once a day, which was
similar in terms of taste and consistency and contained the same number of calories.
Visits with the study nurse and/or physician took place at screening/baseline, three
months, six months, nine months, 12 months, 18 months, and 24 months. In addition,
the study nurses contacted the participants by phone monthly for the first six months
and every two months after that. Participants who were diagnosed with dementia
during the two-year RCT were offered the opportunity to continue participation, and
from October 2012 onwards, switch their double-blind product to an open-label
active product.

4.2 STUDY POPULATIONS
4.2.1 The FINGER trial participants (Study I)

The FINGER RCT population consisted of community-dwellers aged 60-77 years at
an increased risk of cognitive decline and with potential for risk reduction, but no
significant cognitive impairment upon enrollment in the RCT. Risk assessment was
based on the mid-life CAIDE risk score (range 0-15, higher scores reflect a higher
dementia risk) as well as cognitive performance. The FINGER participants were
identified and recruited from previously conducted observational population-based
health monitoring surveys, including the FINRISK surveys conducted every five
years during 1972-2007 and type 2 diabetes prevention program surveys conducted
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in 2004 and 2007. A mid-life CAIDE score was calculated based on the data collected
in the surveys to determine preliminary eligibility. Exact inclusion criteria were as
follows: 1) a CAIDE score of at least six (apart from age, points were given based on
risk factor levels at the time of the survey) and 2) cognitive performance at the mean
level or slightly lower than expected for age based on the Consortium to Establish a
Registry for Alzheimer's Disease (CERAD) test battery (Morris et al., 1989) (a word
list memory task with 19 words or less out of 30, word list recall of 75% or less out of
100%, or an MMSE with 20-26 points out of 30). As described by Ngandu et al. (2014),
these inclusion criteria (i.e., the CAIDE score + cognitive tests focusing on the
memory domain) identified participants with a potentially increased risk of both AD-
type and vascular cognitive impairment. Individuals with diagnosed or suspected
dementia, or a low MMSE (< 20), and those with any conditions that might hinder
participation and adherence to the intervention (e.g., severe depression or visual
impairment) were excluded.

All randomized FINGER participants with available data were included in the
pre-specified subgroup analyses of Study I. Primary analyses were performed for the
modified intention-to-treat (mITT) population with at least one post-baseline
assessment (N=1,190); sensitivity analyses were performed for the whole intention-
to-treat (ITT) population (N=1,260).

4.2.2 The HATICE and ACCEPT-HATICE participants (Studies Il & Ill)

The HATICE RCT population consisted of community-dwellers aged 65+ years with
potential for CVD and dementia risk reduction but no significant cognitive
impairment at baseline. The potential for risk reduction was defined as having at
least two CVD/dementia risk factors and/or a history of CVD or diabetes. The
following factors were taken into account in the risk assessment: hypertension
(diagnosis, ongoing medication, and/or measured BP > 140/90 mmHg or SBP > 160
mmHg depending on age); hyperlipidemia (diagnosis, ongoing medication, and/or
total cholesterol > 5 mmol/l or LDL 2 2.5 mmol/l); smoking; obesity (BMI > 30 kg/m?
and/or a waist circumference > 102 cm for men and = 88 cm for women); and physical
inactivity (less than 2.5 hours of moderate-intensity activity per week). A history of
CVD was defined as a diagnosis of a myocardial infarction, stroke/TIA, coronary
artery disease, and/or peripheral arterial disease. In addition to having the desired
risk profile, participants had to be familiar with computers and the Internet, meaning
that they were able to send emails and conduct basic online searches. Similar to the
FINGER RCT, individuals with diagnosed or suspected dementia, a low MMSE (in
HATICE below 24), or any condition that might affect their participation (e.g., visual
impairment) were excluded. Recruitment strategies varied between the three
countries involved in the HATICE RCT. These included the national population
register (in Finland), registration lists of GPs (in the Netherlands), and registration
lists of prevention units, mailing lists, and advertisements (in France). Eligibility was
initially assessed in all countries during a pre-screening phone call to reduce the
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number of screening failures. A face-to-face screening visit was scheduled after the
call.

A total of 464 individuals were invited to participate in the ACCEPT-HATICE
substudy (Studies II & III). The online questionnaire was filled in by 371 individuals
(79%) of whom 341 were ultimately randomized in HATICE and included in the
ACCEPT-HATICE substudy (13% of all randomized participants). In total, 67% of
the questionnaires were completed before the screening visit. Of the 341
questionnaire respondents, 309 (91%) consented to be re-contacted for an interview.
A total of 82 respondents were invited, and 46 were interviewed: 15 in Finland, 13 in
France, and 18 in the Netherlands. In the Netherlands, two HATICE participants
were interviewed despite not having filled in the questionnaire. These individuals
were interviewed together with their partners who also participated in the HATICE
RCT and had completed the questionnaire. The detailed ACCEPT-HATICE study
flowchart is presented in the original Study II publication.

4.2.3 The Karolinska Memory Clinic cohort (Study IV)

The Memory Clinic cohort investigated in Study IV consisted of all patients who were
diagnosed with MCI (Winblad et al., 2004) at the Memory Clinic in 2007-2014 and
fulfilled the selection criteria for the study. These were as follows: 1) that they had
provided informed consent and were included in the clinic’s electronic research
database; 2) the availability of medical records from the first assessment period to
collect demographic and clinical data; 3) the availability of CSF results from the first
assessment period; 4) at least one follow-up visit at the Memory Clinic (= one year
after the first assessment and MCI diagnosis); and 5) CSF A[42 levels within the
normal range according to the cut-off values provided by the laboratories and
employed routinely at the Memory Clinic. The study included a total of 318 patients.

4.2.4 The LipiDiDiet trial participants (Study V)

Participants in the LipiDiDiet RCT were individuals aged 55-85 years with
prodromal AD according to the IWG-1 criteria (Dubois et al., 2007). Based on these
criteria, participants had to have some evidence of an underlying AD-type pathology
and a mild episodic memory impairment. The following biomarkers were
considered: CSF AP (AB42 < 450 pg/ml and/or AB42/40 ratio x 10 < 1), CSF t-tau (>
350 pg/ml), CSF p-tau (> 60 pg/ml), FDG-PET (hypometabolism in temporoparietal
brain regions), and visually rated MTA (= 1) in a structural MRI. Abnormality in at
least one (any) of these biomarkers was required. The evaluation of cognition for
eligibility was based on the following tests: the Free and Cued Selective Reminding
Test, free recall (< 22 points) and delayed free recall (< 8 points); the Wechsler
Memory Scale revised (WMS-1) story delayed recall (< 75%); the WMS-r delayed
recall of figures (< 75%); the Trail Making Test A (= 60 seconds) and B (= 150 seconds),
the Symbol Digit substitution test (< 35 points); and the category fluency test (< 16
points). Cognitive impairment was defined as an abnormal performance in at least
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two of the above-mentioned tests of which at least one had to be a memory-related
test. Individuals with diagnosed dementia or an MMSE below 24 (below 20 if six or
fewer years of education) and those using cholinesterase inhibitors or memantine
were excluded. Other exclusion criteria were neuroimaging abnormalities that could
potentially cause and explain the cognitive impairment (stroke, intracranial bleeding,
mass lesion, or normal pressure hydrocephalus) as well as medical and other
conditions that could affect participation and adherence (e.g., severe depression).
Due to the nature of the intervention, individuals taking omega-3 products or large
doses of vitamins B6, B12, C, E, or folic acid (> 200% of the recommended daily intake)
were also excluded.

For the post hoc analyses conducted in study V, all randomized participants were
included whose CSF biomarkers and/or MTA had been centrally analyzed at baseline
using standardized methods (N=287). The mITT population was included in the
longitudinal analyses (all randomized participants with at least one post-baseline
assessment, excluding data after progression to dementia and start of AD medication
and/or open-label active study product).

4.3 PROCEDURES AND OUTCOMES

4.3.1 Baseline assessments
4.3.1.1 Participant characteristics analyzed in Studies |-V

In Study I (FINGER), the participant baseline characteristics that were investigated
as potential modifiers of the response to intervention were collected at the screening
and baseline visits. An MMSE was performed at the screening visit by a study nurse,
and a study physician examined all the participants and interviewed them to obtain
information about their medical history. A fasting blood sample was taken at the
baseline visit by a study nurse who also measured the BP, height, and weight during
this visit. The BMI (kg/m?2) was calculated based on height and weight. Information
about socioeconomic factors (educational attainment, annual household income) and
lifestyle (e.g., smoking habits) was collected with a questionnaire. Based on these self-
reported data and measurements conducted by the nurse, the participants” overall
cardiovascular risk was calculated in Study I using the FINRISK score (slightly
different risk algorithms were used for men and women) (Vartiainen et al., 2007,
2016). The risk score included the following factors: age, total cholesterol, SBP, high-
density lipoprotein (HDL), smoking status, and diabetes. A family history of CVD
was not included as this information was not collected in the FINGER RCT. The final
score used in Study I was a ratio of the calculated score and the score of an age- and
sex-matched person with an ‘optimal” cardiovascular risk profile (total cholesterol
4.5 mmol/l, SBP 120 mmHg, HDL 1.32 mmol/], no smoking, no diabetes; Vartiainen
et al., 2007, 2016). In this way, we obtained a score solely reflecting the vascular risk
profile (hereafter referred to as the ‘overall cardiovascular risk’). Self-reported
medical history data were also used to identify persons with an indication for
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secondary CVD prevention. A history of CVD was defined as a diagnosis of a stroke,
myocardial infarction, and/or diabetes.

In Studies II & III (HATICE), demographic and clinical characteristics used to
describe the study population were obtained at the screening and baseline visits
through questionnaires and measurements performed by the lifestyle coaches. In the
LipiDiDiet RCT, demographic characteristics and the MMSE used as covariates in
the Study V analyses were collected at the screening visit by a study nurse and/or
physician. In Study IV, patient baseline characteristics studied as predictors of
clinical progression, or included as covariates in the analyses, were collected during
the first assessment period at the Memory Clinic through interviews and
examinations conducted by nurses and physicians. Educational attainment, medical
history, use of medications, family history of dementia (defined as having at least
one affected first-degree relative), and lifestyle habits (smoking) were self-reported
data. MMSE, Cornell Scale for Depression in Dementia, and measurements of height,
weight, and BP were performed by a nurse or physician; RAVLT was performed by
a psychologist. The BMI (kg/m2) was calculated based on height and weight. A blood
sample was collected in some cases to assess the APOE genotype. The CAIDE risk
score (versions with and without APOE) was calculated in Study IV based on
demographic and clinical data. As opposed to the original CAIDE score, the score in
Study IV did not include physical activity as this information was not systematically
collected at the Memory Clinic. In addition, points for cholesterol and BP were
mainly given based on a diagnosis of hyperlipidemia and hypertension. The full table
showing how the CAIDE risk scores were calculated is presented in the original
Study IV publication (supplementary material).

4.3.1.2 Biomarker assessments (Studies IV & V)

In Studies IV and V, CSF and MRI biomarkers were used to select and characterize
the study populations and predict their cognitive decline and/or progression to
dementia. Biomarkers of interest were CSF A[342, Ap42/40 ratio (only Study V), p-
tau, and t-tau, as well as MTA. In Study IV, CSF biomarker concentrations were
measured with sandwich enzyme-linked immunosorbent assays (Innogenetics
(Fujirebio), Ghent, Belgium) at the Karolinska University Hospital in Stockholm,
Sweden (2007-2011) or at the Clinical Neurochemistry Laboratory at Sahlgrenska
University Hospital in Gothenburg, Sweden (2012-2014). The cut-offs for CSF
biomarker abnormality as specified by the laboratories were as follows: A{342 < 450
pg/ml (2007-2011) or < 550 pg/ml (2012-2014); t-tau > 400 pg/ml; and p-tau = 80
pg/ml. These cut-offs were used in Study IV to select and classify individuals. MTA
was visually rated by experienced radiologists based on structural MRI or
computerized tomography (CT) scans. Both hemispheres were scored separately
according to the Scheltens scale (0—4; 0 means no atrophy and 4 indicates severe
hippocampal volume loss). In Study IV, the mean score was calculated and the cut-
off for abnormality was set at > 1.
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In Study V, analyses of the CSF biomarkers collected at baseline were conducted at
the Clinical Neurochemistry Laboratory at Sahlgrenska University Hospital in
Gothenburg, Sweden. Biomarker concentrations were measured using the MSD
Abeta Triplex (AB42 and Ap40; Meso Scale Discovery, Rockville, Maryland) and
sandwich enzyme-linked immunosorbent assays (t-tau and p-tau; Fujirebio, Ghent,
Belgium). The cut-offs for CSF biomarker abnormality used in the LipiDiDiet central
analysis and in Study V were as follows: AB42 <450 pg/ml; A[342/40 ratio x 10 <1; t-
tau > 350 pg/ml; and p-tau > 60 pg/ml. MTA was visually rated based on structural
MRI scans at the VU University Medical Center in Amsterdam, the Netherlands. Both
hemispheres were scored separately according to the Scheltens scale. The sum of the
scores was calculated and the cut-off for abnormality was set at > 1.

4.3.2 Outcome assessments
4.3.2.1 Cognitive and clinical outcomes analyzed in Study I, IV & V

In Studies I, IV, and V, the cognitive and clinical outcomes of interest were changes
in cognition measured with an extensive NTB (Studies I & V), changes in cognitive-
functional performance defined as a change in the CDR-SB score (Study V), and
progression to dementia (Studies IV & V).

In the FINGER and LipiDiDiet RCTs, an NTB was performed by a study
psychologist at baseline, one year, and two years (one additional assessment at six
months in the LipiDiDiet RCT). Scores of individual cognitive tests were converted
into standardized Z-scores, with higher scores reflecting better performance. In
Study I (FINGER), the primary outcome NTB total score was based on 14 individual
test scores covering three cognitive domains: memory, processing speed, and
executive functioning. There were six memory tests (the WMS-r visual paired
associates test, immediate and delayed recall; the WMS-r logical memory test,
immediate and delayed recall; the CERAD 10-word list test, learning and delayed
recall), three tests for processing speed (the Stroop test, condition 2; the concept
shifting test, condition A; the letter digit substitution test), and five tests for executive
functioning (the category fluency test; the Stroop test, interference score; the WMS-r
digit span; the concept shifting test, condition C; the Trail Making Test, B-A). The
NTB total and domain-specific scores were obtained by calculating the sum of
individual Z-scores and dividing by the number of items available. At least three
memory tests, two processing speed tests, and three executive functioning tests (in
total eight) had to be completed to calculate the total and domain-specific Z-scores.

The total NTB in Study V (LipiDiDiet) consisted of 16 individual test scores, most
of which were the same as in the FINGER RCT. There were some differences in how
the cognitive domains and outcomes were defined. In the LipiDiDiet RCT, the
memory domain included three tests (the CERAD 10-word list test, learning, delayed
recall and recognition) and the executive functioning domain included four tests (the
category fluency test; the WMS-r digit span; the concept shifting test, condition C;
the letter digit substitution test). The nine other tests included in the NTB total score
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were: the WMS-r logical memory test, immediate and delayed recall; the WMS-r
visual paired associates test, immediate and delayed recall; the 30-item Boston
Naming Test; the CERAD Constructional Praxis, copy and recall; and the concept
shifting test, conditions A and B. The primary outcome (NTB composite score)
included five tests of which at least four had to be completed (the CERAD 10-word
list test, learning, delayed recall and recognition; the category fluency test; the letter
digit substitution test). All three memory tests and at least three executive
functioning tests had to be completed to calculate the domain-specific Z-scores. At
least 12 out of 16 tests were required for the NTB total score.

The CDR-SB scores investigated in Study V were assessed by a study nurse or
physician at three timepoints (baseline, one year, and two years). Dementia and AD
diagnoses were made by experienced medical specialists in Studies IV & V, and
diagnoses were based on the DSM-IV (American Psychiatric Association, 1994) and
NINCDS-ADRDA criteria (McKhann et al., 1984), respectively.

4.3.2.2 The ACCEPT-HATICE questionnaire (Study II)

In Study 11, a questionnaire was administered to explore reasons for participation in
the HATICE RCT. It was based on and adapted from a previous study (Andrieu et
al., 2012). The questionnaire was translated into Finnish, French, and Dutch by
researchers fluent in both English and the local language (in Finland by A.
Rosenberg). It was administered online, and the link was sent to the participants’
personal email addresses. Each participant was able to complete the questionnaire
only once. The questionnaire included 14 statements, and the participants were asked
to what extent they agreed with the statements. They were also asked to indicate for
each statement whether it was a reason for participation. The full list of statements is
shown in the original Study II publication; an example is shown in Table 3 on page
76. Respondents also had the option to add other reasons. Respondents were allowed
and encouraged to select all statements that they considered relevant to their
participation. Finally, the respondents had to specify one statement that they
considered their main reason (a pre-specified statement or an own reason). At the
end of the questionnaire, the participants could enter their contact details (phone
number) if they agreed to be potentially re-contacted for further questions and an
interview.

A second questionnaire was specifically designed for people who declined the
invitation to participate in the RCT. In the invitation letter to the HATICE RCT,
individuals who were not interested in the RCT were asked to access an online
questionnaire and provide reasons for their non-participation. In France and the
Netherlands, non-participants were also identified retrospectively, when possible,
and invited to fill in the questionnaire. Only a few individuals completed the
questionnaire, and few non-participants were interviewed in France and the
Netherlands. Due to the scarcity of data, a detailed exploration of the results was not
possible. In Finland, it was not possible to actively seek contact (e.g., by post or
phone) with individuals who had been approached earlier but did not respond to the
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HATICE invitation letter. This was due to ethical reasons. It was also not possible to
interview non-participant questionnaire respondents.

Table 3. An example of the ACCEPT-HATICE questionnaire statements.

This is a reason

| agree with this statement: why | accepted to
participate:
Totally Somewhat Somewhat Totally
. . Yes No
agree agree disagree disagree

| am interested in
contributing to ] O O O O a
scientific progress

4.3.2.3 Semi-structured interviews (Studies Il & IlI)

Semi-structured interviews were conducted 1) to understand the reasons for
participation in the HATICE RCT (Study II) and 2) to explore the HATICE
participants” knowledge and perceptions of dementia and their attitudes towards
prevention in depth (Study III). Interviews were conducted in all three countries
involved in the HATICE RCT (Finland, France, the Netherlands) by local researchers
in the local language (in Finland by A. Rosenberg). Interviews were conducted at the
local HATICE study centers, and they lasted approximately one hour each. A
harmonized interview guide covering the following topics was developed and
followed in a flexible and adaptive manner: 1) a general introduction, life course, and
events; 2) health behavior and practices, perceived and actual health status; 3)
perceptions of and attitudes towards CVD and prevention as well as the role of the
Internet in health promotion; and 4) reasons for participation in the HATICE RCT.
The structured interview guide did not include the topic of cognitive
impairment/dementia/cognitive disorders and related questions. Whenever the
interviewees spontaneously brought up the topic of cognitive impairment/
dementia/cognitive disorders during the interview (hereafter ‘dementia’ for the sake
of conciseness), they were additionally queried about their knowledge and
perceptions of dementia and prevention. All interviewees who freely mentioned
dementia were included in Study III (N=15, all the participants interviewed in
Finland).

The full ACCEPT-HATICE interview guide and a detailed description of
dementia-related questions are presented in the original Study II and III publications.
Examples of questions asked in the interviews are listed in Box 1. The questions were
open-ended, and the interviewers encouraged the interviewees to speak freely. The
interviewers facilitated and guided the discussion, rather than directed it. When
necessary, more detailed follow-up questions were asked to ensure that the topics
were sufficiently covered. At the end, the interviewers summarized the discussion
and gave the interviewees the chance to add something or clarify their views. The
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questionnaire responses had not been analyzed at the time of the interviews, and the
interview guide or interviewers were therefore not influenced by the quantitative
results. The interviews were tape-recorded and transcribed verbatim in the local
language. Repeat interviews were not conducted, and transcripts were not returned
to the participants.

Box 1. Examples of questions asked during the interviews.

e Can you tell me a bit about yourself and your daily activities? How do you spend your
time?

e When you have a medical problem or question about your health, what steps do you
take?

e What do you think about your own health? How do you usually cope with health
problems and illness?

e What do you know about CVD? What can one do to manage it or prevent it from
worsening? Do you try to manage or prevent CVD yourself? If yes, how and why?

e In what way do you think the Internet could be a useful tool to improve health?

¢ Why did you decide to participate in HATICE? What expectations do you have?
What kind of benefits, if any, are you expecting to get? What did you find particularly
interesting in this trial?

e What do you know about dementia? What do you know about risk factors and
prevention? Do you believe it can be prevented (why/why not)? If yes, how?

e What kind of feelings and thoughts does dementia evoke? Why?
¢ What motivates you towards the prevention of dementia?

4.4 DATA ANALYSIS

4.4.1 Statistical methods

Participant baseline characteristics were compared between groups of interest using
a t-test (continuous variables between two independent groups) and a x2? test
(categorical variables). In Study II, between-country comparisons of participant
characteristics and reasons for participation were conducted using an analysis of
variance or Kruskal-Wallis test (continuous variables; more than two independent
groups) and a x? test (categorical variables), as appropriate. The statistical analyses
in studies I, II, and IV were performed using Stata software version 14.1 (StataCorp
LP, College Station, TX). SAS software version 9.4 was used in Study V. The level of
statistical significance was < 0.05, unless otherwise specified.

The analyses in Study I were performed according to a pre-specified statistical
analysis plan. Linear mixed models for repeated measures were used to explore
whether participant characteristics influenced the intervention effects on the primary
and secondary cognitive outcomes, ie. the two-year change in cognitive
performance measured with an NTB. Linear mixed models were chosen to account
for both within-person and between-person variability over time. The models
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included group allocation (intervention or control), time, characteristics of interest
(e.g., age; dichotomous or continuous depending on the characteristic), and all
interaction terms as predictors (e.g., group*time, group*age, time*age, and
group*time*age). The study site was entered in all models as a covariate. Skewed
NTB Z-scores and characteristics with continuous values were log transformed to
achieve normality. As recommended in the guidelines for RCT subgroup analyses
(Wang et al, 2007), coefficients for the three-way interaction terms
group*time*characteristic and the corresponding p-values were shown as the main
results. In other words, it was shown whether the intervention effects (group*time
interaction) varied across the levels of a characteristic variable (e.g., age, or men vs.
women). Estimates for the change in cognition in the intervention and control groups
within each subgroup as well as the difference of these estimates were obtained from
the mixed models with the linear combinations of estimators (lincom) post-
estimation command. For this purpose, continuous characteristics were
dichotomized based on median values to achieve approximately equal sized groups.

In Study IV, the relationship between patient characteristics and subsequent
dementia diagnosis was investigated using the Cox proportional hazards model with
age as the time scale. Patients were censored according to their age at the time of the
dementia diagnosis or end of follow-up (last available follow-up visit). Patient
characteristics were entered in the model one at a time, and all models were adjusted
for age (age as the time scale), sex, years of formal education, and baseline MMSE.
CSF biomarkers were log transformed and Z-standardized. After identifying
potential predictors of disease progression, i.e., characteristics showing a significant
or borderline significant association with progression to dementia (p < 0.10), their
predictive performance was examined using the Harrell C (concordance) statistic.
The Harrell C statistic is similar to the area under the curve (i.e., it indicates the
model’s ability to distinguish between positive and negative cases; values range from
0to 1). A value of 0.5 is equal to random and 1 means a perfect prediction. No clear
definition or cut-off points exist, but the terms ‘poor’, “acceptable’, and ‘excellent’
prediction have been proposed when values are below 0.7, 0.7-0.8, and greater than
0.8, respectively (Hosmer et al., 2013). Models with age, cognition (RAVLT delayed
recall), and the characteristics of interest were compared to a simple model including
age and cognition alone. The models were based on complete cases, and comparisons
were conducted between models including the same patients.

In study V, linear mixed models for repeated measures were used to explore
changes over two years in the primary and secondary cognitive outcomes (NTB) and
cognitive-functional performance (CDR-SB score) among participants with different
biomarker profiles at baseline. Models included the baseline score (NTB or CDR-SB),
MMSE, group allocation (intervention or control), time, the group*time interaction,
the biomarker profile (diagnostic criteria as categorical class variables, with number
of categories depending on the criteria), and the biomarker profile*time interaction
as predictors. A random intercept with a variance components covariance structure
was used within sites, and a random intercept and slope for time with an
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unstructured covariance structure was used within subjects. Least-squares means for
the change from baseline were estimated from the models for each group, and p-
values for the difference in the least-squares means over two years between each
group and the respective reference group were obtained. The relationship between
biomarker profiles and the risk of dementia was investigated using the Cox
proportional hazards model adjusted for group allocation, MMSE, and study site.

4.4.2 Qualitative methods

A content analysis was applied to the interview data. In both studies II and III, two
independent researchers in each country familiarized themselves with the interview
transcripts through repeated readings and performed initial coding of the material.
The codes were short descriptive phrases summarizing the core meaning of each
meaning unit (phrase, sentence, or paragraph). First-level codes in Study II were
generated in the local language based on the original Finnish, French, and Dutch
transcripts (in Finland by A. Rosenberg and another Finnish researcher). In Study I1I,
interview sections related to the research questions of interest were extracted and
translated into English, and first-level codes were generated in Finnish (by A.
Rosenberg) and English (by a non-Finnish speaking researcher). The coding in Study
II was performed using a qualitative data analysis software. NVivo version 11 was
used in France and Finland, and ATLAS.ti version 1.6.0 (484) was used in the
Netherlands. A coding framework, created together based on the interview guide,
steered the initial coding. The coding framework was developed and refined during
the analysis process to ensure that it captured all the relevant aspects that emerged
from the interviews. The coding in Study III was performed manually without a
computer software, and it was done inductively without a pre-defined coding
framework.

In both studies, the researchers compared their codes after the initial first-level
coding and discussed similarities and differences between the codes. The codes were
then sorted and abstracted into subcategories and further into broader categories.
Table 4 shows an example of the coding performed in Study III. The analysis was an
iterative process in which the researchers worked back and forth between the raw
data, codes, and categories until inter-coder agreement was reached (within country
and between the three countries in Study II). Core themes linking the categories and
findings together represented the main results in both studies. To formulate the
theme in Study II, the analysis was completed by reflecting on the qualitative and
quantitative findings in parallel. Such a mixed-method approach, also referred to as
methodological triangulation, enriches the understanding of a research problem by
elucidating different aspects of the same phenomenon (Greene et al., 1989; O’Cathain
et al., 2010). A mixed-method approach supports primarily two analytical goals: 1)
convergence and corroboration and 2) elaboration, illustration, and clarification of
the findings. Study Il was quantitative-based, and the interpretation of the qualitative
data aided the interpretation of the quantitative findings and statistically significant
results (Onwuegbuzie & Leech, 2004).
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Table 4. Examples of quotes, codes, and subcategories that were identified and linked to the
category ‘Stigma of dementia’ in Study lII.

Quotes

Codes

Subcategories Category

“I wouldn’t want to find out yet
if I'll get AD. (...) It’s terrible to
live with that information.”

"Maybe it’s better [not to know
in advance], it [AD] comes if
it's meant to be. My father’s
sister was 70 when she was
diagnosed. And it progressed
really fast. Maybe it’s better
not to know, it will come if it’s
meant to happen.”

"These diseases are so
common. That’s why | wanted
to participate. If | can do
anything to help to reduce the
burden of memory disorders,
I'm willing to do it.”

“Mother has AD, that’s what |
fear the most, it'’s such a
dreadful disease that even a
sudden death would be
better.”

“It evokes... Not quite fear
but... My mother doesn’t feel
scared, she’s alright because
she doesn’t remember
anything. But it’s sad for me
to watch her.”

*(...) If you get that kind of a
disease, that’s it. There is no
going back. It’s so sad to think
about it when you’re still
healthy.”

“(...) It’s terrible. It worries
me, I've always told others
that if I get dementia, they
should drown me.”

Terrible to live
knowing that one
will get it

Better not to know if
one will get it

Will to reduce the
burden of dementia

Dreadful disease

Sadness

Nothing can be
done about it

Better to die

Better not to know
about own
cognitive status
or risk

Burden for society

Stigma of dementia

Dementia
evokes misery

Hopelessness,
resignation
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4.5 ETHICAL ASPECTS

The FINGER RCT received ethical approval from the coordinating ethics committee
of the Helsinki and Uusimaa Hospital District. Ethical approval for the Karolinska
University Hospital electronic database and biobank for clinical dementia research
was granted by the Regional Ethical Review Board in Stockholm. The HATICE and
LipiDiDiet RCTs were approved by the local ethics committees of the participating
study centers. For LipiDiDiet, approval was obtained from the ethics committee of
the Hospital District of Northern Savo in Finland, the Stockholm Regional Ethical
Review Board in Sweden, the Medical Ethical Committee of the VU University
Medical Center Amsterdam in the Netherlands, and the ethics committees of
University of Regensburg, Eberhards-Karls-University of Tiibingen and Tiibingen
University Hospital Clinic, Heidelberg University, the Medical faculty in Mannheim,
and Saarland University in Germany. Approval for HATICE was obtained from the
ethics committee of the Hospital District of Northern Savo in Finland, the Medical
Ethical Committee of the Academic Medical Center in the Netherlands, and the
Comité de Protection des Personnes Sud Ouest et Outre Mer in France. The ACCEPT-
HATICE substudy received separate ethical approval from each ethics committee as
an amendment to the HATICE RCT. All participants gave written informed consent
before enrollment. None of the studies in this thesis included participants with severe
cognitive impairment, and all participants were able to provide informed consent
themselves. All the RCTs were conducted in accordance with the Declaration of
Helsinki and the principles of Good Clinical Practice, and they were registered
beforehand (the FINGER RCT was registered at ClinicalTrials.gov with identifier
NCT01041989, the HATICE RCT was registered in the ISRCTN registry with
identifier ISRCTN48151589, and the LipiDiDiet RCT was registered in the
Netherlands Trial Registry with identifier NL1620).
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5 RESULTS

5.1 BASELINE CHARACTERISTICS OF THE STUDY
POPULATIONS

Table 5 provides an overview of the study populations. More detailed participant
characteristics are presented in the original publications of Studies I-IV and in the
Study V manuscript. The mean age was approximately 65 years in the Memory Clinic
cohort, 69 years in the FINGER cohort, 70 years in the ACCEPT-HATICE cohort, and
71 years in the LipiDiDiet cohort. Both sexes were fairly equally represented in all
cohorts. Vascular risk factors were prevalent in the FINGER and ACCEPT-HATICE
cohorts, which was expected due to the nature of the interventions and the
participant selection criteria (i.e., selection of at-risk individuals). For example,
hyperlipidemia was one of the risk factors considered when assessing eligibility for
the HATICE RCT, and elevated cholesterol is included in the CAIDE score, which
was used to select participants for FINGER. In the CAIDE score, points are also given
for lower education, potentially explaining why the proportion of highly educated
individuals was lower in FINGER than in ACCEPT-HATICE (and in HATICE
overall). It is also noteworthy that computer literacy was an inclusion criteria in the
HATICE RCT, potentially resulting in the exclusion of some older adults with a lower
level of education. With respect to biomarkers, elevated CSF t-tau and p-tau as well
as MTA were more common in the LipiDiDiet than in the Memory Clinic cohort. This
was expected, as the LipiDiDiet population was selected based on the IWG-1 criteria
for prodromal AD, and MTA was a key biomarker used at screening.

In Studies II, III, and V, the study populations were a subsample of the HATICE
(ACCEPT-HATICE substudy; Studies II & III) and LipiDiDiet (Study V) cohorts.
With respect to the baseline characteristics, there were no differences between the
LipiDiDiet participants who were and were not included in Study V, apart from the
CDR-SB scores which were lower among those included in Study V. A detailed
baseline comparison of the HATICE participants who were and were not included in
the ACCEPT-HATICE substudy is presented in the original Study II publication. In
summary, the ACCEPT-HATICE participants were younger and more often had a
university education and a lower MMSE. They were also more often physically active
and had less hypertension, diabetes, and CVD. In the ACCEPT-HATICE substudy,
56% of the participants were Finnish, 30% were French, and 14% were Dutch. In the
entire HATICE population, 32% of the participants were Finnish, 14% were French,
and 54% were Dutch. Between-country differences in ACCEPT-HATICE participant
baseline characteristics are presented in detail in the original Study II publication.
Differences were observed in age (younger participants in Finland), cognitive
performance (lower MMSE in Finland), and self-reported engagement in physical
activity (higher proportion of physically active participants in Finland).
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Table 5. Baseline characteristics of the populations in Studies I-V.

Study | Studies Il & 1lI Study IV Study V
(FINGER) (HATICE sub- (Memory Clinic) (LipiDiDiet)
N=1260 sample) N=341 N=318 N=287
Demographics
Age, years 69.4 (4.7) 69.6 (3.9) 64.8 (9.1) 70.9 (6.6)
Male 672 (53.3%) 163 (47.8%) 144 (45.3%) 140 (48.8%)
Education
Years 10.0 (3.4) — 11.7 (3.7) 10.5 (3.7)
University level 116/1244 (9.3%) 173/341 (50.7%) — —
Cognition
MMSE 26.7 (2.0) 28.1 (1.5) 27.1 (2.5) 26.6 (2.0)
Vascular risk factors
Smoker 114/1255 (9.1%) 20/341 (5.9%) 41/287 (14.3%) —
Obese

(BMI 2 30 kg/m?)
Physically inactive?

Hypertension
Diagnosis
(self-reported)
Diagnosis or
elevated BP®

Hyperlipidemia
Diagnosis
(self-reported)

Diagnosis or
elevated
cholesterol®

Diabetes
History of CVD®

37711249 (30.2%)

364/1247 (29.2%)

821/1246 (65.9%)

990/1248 (79.3%)

840/1250 (67.2%)

1187/1255 (94.6%)

165/1250 (13.2%)
261/1250 (20.9%)

120/341 (35.2%)

76/341 (22.3%)

260/341 (76.2%)

329/341 (96.5%)

61/341 (17.9%)
66/341 (19.4%)

31/205 (15.1%)

130/318 (40.9%)

189/277 (68.2%)

93/318 (29.3%)

53/318 (16.7%)
46/219 (21.0%)

CAIDE risk score, biomarkers, and APOE genotype

CAIDE score
with APOE®

APOE ¢4 carrierf

CSF AB42, pg/ml
Abnormal AB?

CSF t-tau, pg/ml
Abnormal t-tau®

CSF p-tau, pg/ml
Abnormal p-tau®

MTA score
Abnormal MTA?

7.9(1.9)
10.0 (2.3)

389/1175 (33.1%)

7.5 (2.5)
9.4 (2.4)

86/171 (50.3%)

849 (294)
0/318 (0%)

336 (185)
92/317 (29.0%)

58 (25)
60/317 (18.9%)

1.1(0.8)
84/237 (35.4%)

162/260 (62.3%)

412 (242)
94/107 (87.9%)

616 (276)
92/107 (86.0%)

78 (29)
74/107 (69.2%)

2.4 (1.6)
241/279 (86.4%)

Data are presented as means (SD) or N (%).
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a Defined as engaging in moderate-intensity exercise less than 2.5 hours per week (HATICE)
or less than twice per week (FINGER, for at least 20 minutes per session).

b Elevated BP defined as SBP > 140 mmHg and/or diastolic BP > 90 mmHg.
¢ Elevated cholesterol defined as total cholesterol = 5 mmol/l and/or LDL = 2.5 mmol/I.

4 Defined as a history of stroke, myocardial infarction, or diabetes (FINGER); a history of
stroke/TIA, myocardial infarction, coronary artery disease, or peripheral artery disease
(HATICE); and a history of stroke/TIA, myocardial infarction, or coronary artery disease
(Memory Clinic).

¢ CAIDE scores calculated without the physical activity component

f Individuals with at least one €4 allele. Number of APOE &4/¢4 carriers was 40 in the
FINGER cohort, 24 in the Memory Clinic cohort, and 49 in the LipiDiDiet cohort.

9 Abnormality refers to low CSF AR (AB42 in Study IV; AB42 and/or AB42/40 ratio in Study V),
high CSF t-tau, high CSF p-tau, and presence of MTA. The cut-offs used for biomarker
abnormality are study-specific and are presented in section 4.3.1.2.

5.2 BASELINE PARTICIPANT CHARACTERISTICS AS
MODIFIERS OF RESPONSE TO A MULTIDOMAIN
LIFESTYLE INTERVENTION - STUDY |

5.2.1 Sociodemographic and -economic factors and cognition

The effect modification by participant baseline characteristics was investigated to
explore whether the overall beneficial effects of the FINGER multidomain lifestyle
intervention on cognition varied between different subgroups of participants. The
demographic and socioeconomic factors of interest included age, sex, years of formal
education, and the annual household income. The MMSE score was used as a
measure of global cognitive performance in this analysis. With regard to the primary
outcome (NTB total), none of the above-mentioned baseline characteristics modified
the response to the intervention (all p-values for group*time*characteristic
interactions > 0.05; Figure 2, p. 87). This was also observed in the sensitivity analysis
and for all secondary cognitive outcomes (the results are presented in the original
Study I publication). Individual estimates for the difference between the intervention
and control groups in the total NTB score change were consistently positive,
indicating benefits in all subgroups that were investigated: men and women; age
groups < 70 and > 70 years; education < 9 and > 9 years; MMSE < 27 and > 27;
household income < 30 000 € and 2 30 000 € (Figure 2).

While all group*time*characteristic interactions were statistically non-significant,
there was some indication of particular responsiveness to the intervention within
certain subgroups, i.e., there were statistically significant differences between the
intervention and control groups in the estimates for change in cognition (Figure 2).
These subgroups included older participants, those with higher levels of education
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and higher annual household incomes, as well as those who scored lower on the
MMSE.

5.2.2 Vascular risk profile

Variables related to the vascular risk profile included individual risk factors (BMI,
systolic and diastolic BP, total cholesterol, HDL, LDL, fasting glucose),
cardiovascular comorbidity (the presence of manifest CVD), and the overall
cardiovascular risk (the risk level compared to a low-risk person of the same age and
sex). None of the individual vascular risk factors modified the response to the
intervention (all p-values for group*time*characteristic interactions > 0.05; Figure 2),
and the results were consistent for all cognitive outcomes (the results for secondary
cognitive outcomes are presented in the original Study I publication). For processing
speed, a p-value of 0.03 was observed for the group*time*diastolic blood pressure
interaction; however, this result would not be significant after applying corrections
for multiple testing. Manifest CVD or the overall vascular risk load did not influence
the response to the intervention. Estimates for the difference between the
intervention and control groups in the total NTB score change were consistently
positive in all subgroups: BMI < 27.4 and > 27.4 kg/m?2; SBP < 140 and > 140 mmHg;
diastolic BP < 80 and > 80 mmHg; total cholesterol <5.1 and > 5.1 mmol/l; LDL < 3.04
and > 3.04 mmol/l; HDL < 1.4 and > 1.4 mmol/l; fasting glucose <5.9 and = 5.9 mmol/l;
manifest CVD and no manifest CVD; overall cardiovascular risk < 1.4 and > 1.4 (the
risk level compared to a low-risk person of the same age and sex).

While all group*time*characteristic interactions were statistically non-significant,
differences between the intervention and control groups were again observed within
certain subgroups (Figure 2). These included participants with higher SBP,
cholesterol (total, HDL, LDL), and fasting glucose. In addition, statistically significant
differences between the intervention and control groups were observed among those
with lower BMI and diastolic BP, as well as those with no manifest CVD.
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Figure 2. Effects of the FINGER intervention on the primary outcome (change in NTB total
score) across subgroups.

P-values are shown for the group*time*characteristic interactions (continuous variables
except for sex, household income, and cardiovascular comorbidity). P-values for interaction >
0.05 indicate that the intervention effects on cognition did not vary by baseline
characteristics. Positive estimates for the difference between the intervention and control
groups within subgroups indicate that the effect was in favor of the intervention group.

5.3 REASONS FOR PARTICIPATING IN A MULTIDOMAIN
LIFESTYLE TRIAL - STUDY I

5.3.1 Questionnaire responses

Questionnaire statements and the proportions of participants (total and per country)
naming each item as a reason for participation in the HATICE RCT are shown in
Figure 3. In the whole study population, the most common reasons for participation
were: 1) the willingness to contribute to research (selected by 85% of all respondents);
2) the possibility to gain health benefits through lifestyle improvements (84%); and
3) the possibility to receive additional medical monitoring (79%). These reasons were
followed by the willingness to improve dietary and exercise habits (71% and 60%,
respectively) and personal health concerns (54%). Overall, 53% of the respondents
stated that they decided to participate in the HATICE RCT because it was both a fun
and effective way to improve their health. All other pre-specified reasons were
selected by fewer than 50% of the respondents.

In France and the Netherlands, altruism was the most frequently mentioned
reason for participation (96% and 94%, respectively), while in Finland it was the third
most common reason (77%). The most frequently named reason in Finland was to
obtain health benefits through lifestyle improvement (91%), which was selected more
often as a reason in Finland and in France (82%) than in the Netherlands (62%). Dutch
respondents were also less likely to emphasize diet- or exercise-related aspects. A
similar proportion of respondents in all three countries indicated medical monitoring
and personal health concerns as reasons for participation.

With regard to Internet-related reasons, no between-country differences were
observed in the proportion of respondents indicating that the HATICE RCT was a
fun or effective way to improve their health. However, French respondents were
particularly prone to emphasize the flexibility and user-friendliness of the Internet
(58% in France, 44% in Finland, 28% in the Netherlands), and Finnish respondents
showed more interest than others in an eHealth study like HATICE because they
wanted to appear modern (38% in Finland, 27% in France, 19% in the Netherlands).
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Figure 3. The percentage of respondents (total and per country) indicating each statement as
a reason for participation in the HATICE RCT.

The proportions of participants (total and per country) naming each item as their
main reason for participation in the HATICE RCT are shown in Figure 4. In the whole
population, the most frequently mentioned main reasons were the contribution to
research (32%), health benefits through lifestyle improvement (24%), and additional
medical monitoring (19%). Being worried about health was selected by 8% of the
respondents. Altruistic reasons appeared to be more important in France (51%) and
the Netherlands (37%) than in Finland (23%). Medical monitoring was emphasized
as a main reason particularly in Finland (24% vs. 13% in the Netherlands and 11% in
France). Personal health concerns were selected as the main reason by 10% of the
Finnish and 11% of the Dutch respondents, whereas they were hardly mentioned in
France (1%). While the attitude towards the Internet was overall positive and it was
considered a fun and effective tool to improve health, only approximately 4% of all
respondents mentioned any Internet-related reason as their main reason for
participation. In total, 12 individuals specified ‘other reason” as their main reason for
participation. In addition to reasons which fall under the categories of altruism,
lifestyle improvement, and medical monitoring, the following aspects were also
mentioned: curiosity, interest in health and memory-related topics, being advised to
participate by a GP, and the non-pharmacological nature of the intervention (i.e.,
health advice instead of drug treatment).
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Figure 4. The percentage of respondents (total and per country) indicating each statement as
the main reason for participation in the HATICE RCT.

A total of just 32 individuals completed the non-participation questionnaire (10 in
Finland, 19 in France, 3 in the Netherlands). Common reasons for non-participation
written in the free-text field included the following: lack of time, having other
commitments, having already a healthy lifestyle, participation in another study,
receiving already sufficient medical care, and self-exclusion (i.e., the person
considered that the trial eligibility criteria listed in the invitation letter were not met).

5.3.2 Interviews

In line with the questionnaire responses, a willingness to contribute to research, the
desire to change lifestyle to gain health benefits, and an interest in additional medical
monitoring emerged in the interviews as the most common reasons for participation
in HATICE. Through the content analysis, a desire to maintain independence,
wellbeing, and the ability to function in old age was identified as the main theme: it
appeared to be a key incentive underlying the decision to participate (Figure 5).
With respect to altruistic reasons, the interviewees frequently expressed concerns
over aging and health deterioration, and it shaped their perceptions of medical
research. Such individuals were motivated to contribute to research specifically
focused on older adults’ health and wellbeing. Although the interviewees talked
selflessly about helping others or society, and considered participation as a duty and
privilege, increased awareness of aging-related health issues and the importance of
research was in some cases linked to personal concerns and experiences with
severely ill family members or institutionalized relatives. Altruistic reasons were
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expressed particularly in France, whereas they seemed mostly subordinate to other
more important reasons in Finland and in the Netherlands.

Lifestyle improvement through the HATICE RCT was discussed in detail mostly
in Finland and in the Netherlands. The interviewees tended to recognize where they
had room for improvement and often gave concrete examples of risk factors or
unhealthy behaviors they wanted to focus on. Participation was commonly
envisioned as having a personal trainer who would provide support and tailored
advice for sustained lifestyle changes and boost motivation. Rather than being free
of disease or infirmity, the main motivation towards lifestyle change was to keep in
shape in order to lead an active, socially fulfilling, and mobile life now and later in
old age. A wish to avoid disability and institutionalization was frequently expressed.

With respect to medical monitoring, some interviewees expressed a need for
reassurance, and some considered it an add-on to their current care (e.g., more
frequent monitoring of blood lipids or glucose). Some, on the other hand, perceived
it as a simple, low-threshold way to share their concerns with health care
professionals and to learn about their health status and risk. Early detection of health
issues and better monitoring of existing diseases were considered important in order
to lead an independent and disability-free life. Medical monitoring and health
concerns were emphasized particularly in Finland, where the interviewees
frequently mentioned difficulties in accessing health care. Other issues were also
raised, such as the lack of continuity in care and lack of contact with an own assigned
GP. Medical monitoring was mentioned to a lesser extent in the Netherlands, and in
France these aspects were not spontaneously mentioned as reasons for participation.

“I'm so lazy to see the doctor.(...)
It's good to have regular follow-up
and monitoring if something occurs.
(...) In this trial, they do all the blood
tests regularly and I know
exactly where I stand.”
(Interviewee 13, Finland)

“I participate to advance medicine.
(...) I don't really like that I'm being
made to change, [adopt] a new
lifestyle, but perhaps it will also help
me, bring me comfort in life and in
old age, and be useful for others.”
(Interviewee 6, France)

Preventing
functional
dependence

“[My goal is] to lose weight.
Or for someone to guide me
and push me to do physical
activity. I give up too easily.”
(Interviewee 9, Netherlands)

Figure 5. The most common reasons for participation in HATICE based on the interviews.

The light blue triangles represent the most important reasons expressed by the participants;
examples of quotes are shown for each reason. The dark blue triangle represents the main
theme and underlying motivation for participation.
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5.4 KNOWLEDGE OF AND ATTITUDE TOWARDS DEMENTIA
AND PREVENTION AMONG PARTICIPANTS IN A
MULTIDOMAIN LIFESTYLE TRIAL - STUDY Il

Through the content analysis, categories were generated to describe each of the three
pre-defined research questions: 1) knowledge of dementia and prevention, 2)
perceptions and feelings associated with dementia, and 3) attitudes towards
dementia prevention. The research questions and categories are presented in Figure
6 on page 95. Having a family history of dementia or other indirect experiences
through friends or acquaintances was identified as the theme. Personal experiences
were linked to each of the research questions: 1) what the participants knew and
thought about dementia, 2) what kinds of emotions dementia evoked, and 3) how the
participants perceived the possibility and usefulness of prevention and the potential
benefits of participating in a prevention RCT (Figure 6). In the following paragraphs,
the main results are presented, and examples of illustrative quotes are given.
Additional quotes can be found in the original Study III publication.

Overall, the interviewees appeared to have partial understanding of the cause and
risk/protective factors of dementia. A clear need for practical, concrete advice and
information from a reliable source was expressed. Old age and genetic factors were
frequently emphasized as key risk factors, especially by interviewees reporting a
family history of dementia or other first-hand experiences with affected people. In
contrast, the role of a healthy lifestyle and management of vascular risk factors were
discussed in a superficial manner, if at all. While those reporting a family history of
dementia tended to have reasonable knowledge of some risk factors, they also
expressed uncertainty and hesitation because of their conflicting experiences.

“Only the normal type of dementia occurs in my family, the type that comes with high age.
It is very likely that I will get it as well.” (Interviewee 5, female, 68 years)

“I don’t really know if there is any link [between CVD and dementia]. (...) I don’t know if
the risk factors are the same or different.” (Interviewee 1, female, 71 years).

“I feel sorry for my brother, he was a picture of health and had a healthy diet for his whole
life. No alcohol, cigarettes, or anything. He was slim, worked hard, exercised, and still he got
diabetes and AD.” (Interviewee 2, female, 70 years)

Psychosocial factors, such as stress, depression, and lack of social engagement, were
the most widely recognized modifiable risk factors of dementia. In addition, the most
common answer interviewees provided as ways to reduce dementia risk was
engaging in socially and cognitively stimulating activities. Yet, participants did not
appear to have strong confidence in prevention. Discrepant opinions and doubts
about the possibility of prevention were frequently expressed, and such reservations
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were again related to conflicting personal experiences among interviewees with a
family history of dementia or other relationship with affected people.

“I've been thinking whether I'm preventing dementia when I use the computer? I've read a
lot about prevention; solve crossword puzzles, do this and do that, and you will supposedly
prevent dementia. I'm skeptical about that. (...) I'm not sure whether it’s possible to have
an impact on the brain. Whether our own actions can have an effect. Damn, if the frontal
lobe shuts down, it will shut down.” (Interviewee 13, female, 66 years)

In general, the interviewees often perceived dementia as a part of normal aging or as
a hereditary condition which “comes if it's meant to be and nothing can be done
about it” (Interviewee 10, female, 67 years). However, many believed that the onset
of dementia could potentially be postponed (in their case or in general), even if
avoiding the disease altogether might not be possible. Driven by fear of dementia
and a perceived high personal risk of falling ill, some of these individuals reported
high motivation and a proactive attitude towards lifestyle and behavior changes.

(Interviewer: Is there anything one can do when it comes to dementia?) “I don’t know, I
don’t think so. (...) I guess it happens slowly. I don’t know, maybe it can be slowed down a
little bit by exercising and training memory... By keeping the brain active and solving
different tasks and problems.” (Interviewer: Brain training?) “Yes exactly, brain training is
the right word.” (Interviewee 6, male, 66 years)

(Interviewer: What motivates you towards prevention of dementia?) “Fear, having seen in
my parents how severe these diseases are.” (Interviewee 1, female, 71 years)

Getting diagnosed and treated with available symptomatic medications as early as
possible, as well as regular medical follow-ups, were considered crucial for slowing
down the disease progression. This topic was particularly elaborated on by some
interviewees who disclosed a family history of dementia or other indirect
experiences.

“Of course, it's not possible to stop or prevent it [AD], if it happens to me too. But at
least... (...) Our mother started the medication quite late (...). I don’t know if it's possible
to detect it [the disease] myself, but at least when others notice that there’s something wrong
with me... It would be possible to intervene earlier. To get the medication early. I think that
the medication was crucial in my mother's case. God knows how fast the disease would have
progressed without it.” (Interviewee 7, female, 67 years)

Fear and concern were often mentioned when the interviewees described what kinds
of emotions the topic of dementia evoked. When the interviewees tried to explain
why they felt scared and worried about dementia, they tended to talk about its
progressive and incurable nature and described it as a burden. Dementia was also
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commonly associated with loss of independence and autonomy. Fear and concern
were expressed even by those who tended to have an otherwise positive and carefree
outlook on aging and health. Those with personal experiences with affected people,
such as caregivers to relatives or family members, shared their emotional and often
negative stories, and these seemed to shape their perceptions of dementia.
Commonly described feelings of despair and hopelessness indicated a stigma.

“I guess it [dementia] can be slowed down but eventually, it will happen if it’s meant to be.
I guess what everyone fears the most is that one becomes faulty. That others need to look
after you and you can’t take care of yourself.” (Interviewee 4, male, 66 years)

“It’s such a burden for others. An immense burden. It's terrible. It worries me, I've always
told others that if I get dementia, they should drown me.” (Interviewee 13, female, 66 years)

“I know how hard the final stages are for the family. Our grandmother didn’t recognize
anyone else but me, and when she saw her reflection in the mirror, she asked who that
stranger was. (...) Then she became physically unable to function. Dirtied places with her
feces (...). Iwouldn’t wish that for myself.” (Interviewee 10, female, 67 years).

In addition to being generally worried about dementia and its societal burden, many
interviewees stated being specifically concerned over their own cognitive status and
risk of dementia. This was particularly evident among those disclosing a family
history or other indirect experiences of dementia. Such individuals also frequently
appeared to be interested in the HATICE RCT. This was either because they were
interested in the topic of dementia and wanted more information about it, or because
they were curious to learn specifically about their current health status and future
risk through different tests and assessments. Diagnostic and prognostic tests, for
example genetic and other assessments not in use in regular health care, were
thought to be available in research settings.

“[I expect to learn] what causes it and which factors have an impact on it and whether 1
have this burden [disease] too.” (Interviewee 10, female, 67 years).

“What interests me the most is whether they detect anything [in my memory] ... Memory is
the most mysterious thing for me. (...) Memory interests me in particular. The other things

[lifestyle-related] are more on the side. (...)” (Interviewee 15, male, 67 years)

“I thought that since they run genetic tests I will find out if I carry dementia genes. But
apparently that’s not the case.” (Interviewee 3, female, 67 years)

94



« Misconceptions

« Fear & concern « Partial knowledge of risk factors & prevention
« Stigma « Importance of early diagnosis & treatment
* Reasons for fear & stigma * Need fmj up-to-date, practical & reliable
- Feelings linked to family information
history / indirect experiences + Knowledge & beliefs linked to and obtained

through family history / indirect experiences

Feelings and
perceptions

Attitude towards
prevention

* Proactive attitude
 Motivating factors towards prevention
« Attitude linked to family history / indirect experiences

« Motivation to participate in a prevention trial
linked to family history / indirect experiences

Figure 6. Categories identified to describe the participants’ knowledge and perceptions of
and attitude towards dementia and prevention.

The cogwheels represent the three pre-defined research questions; the text boxes contain
the categories identified through the analysis. Categories marked in bold constitute the main
theme that was linked to all research questions.

5.5 DISEASE PROGRESSION IN PATIENTS WITH MILD
COGNITIVE IMPAIRMENT AND NORMAL CSF AMYLOID -
STUDY IV

5.5.1 Progression to dementia and biomarker profiles

In the memory clinic MCI population with CSF A(342 within the normal range, a total
of 121 out of 318 patients (38.1%) progressed to dementia after a mean follow-up time
of three years (range 1-10 years). AD was specified as the underlying cause of
dementia in 75% of the cases (91/121). Other etiologies were vascular dementia,
frontotemporal dementia, unspecified dementia, and Parkinson’s disease dementia.
A detailed baseline comparison between those who did and did not progress to
dementia is shown in the original Study IV publication. In summary, those who
developed dementia were on average older when they were first examined at the
Memory Clinic and more often APOE &4 carriers. Their performance in the RAVLT
immediate and delayed recall tests was poorer, they had more pronounced MTA,
and their CSF t-tau and p-tau levels were higher and AB42 levels lower, although all
patients had A{342 levels within the normal range. No differences were observed in
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the level of education, sex distribution, CAIDE score, or individual vascular risk
factors, apart from SBP (higher among those who progressed to dementia).

The patients’ baseline biomarker profiles and progression rates to dementia
within each group are shown in Table 6. Among patients with a full biomarker profile
available (t-tau and p-tau in CSF, and MTA; N=236), 87 (36.9%) had one, 35 (14.8%)
two, and 13 (5.5%) three abnormal biomarkers. All biomarkers were considered
normal in 101 patients (42.8%). Approximately a quarter of patients with normal
biomarkers progressed to dementia (26 out of 101), while 84.6% of those with three
abnormal biomarkers developed dementia (11 out of 13).

Table 6. Biomarker profiles and progression to some type of dementia.

Progression to dementia

Biomarker profile N (%) within group N (%)

0 abnormal biomarkers

P-tau- T-tau- MTA- 101 (42.8) 26 (25.7)
1 abnormal biomarker

P-tau+ T-tau- MTA- 4(1.7) 0(0.0)
P-tau- T-tau+ MTA- 22 (9.3) 13 (59.1)
P-tau- T-tau- MTA+ 61 (25.9) 26 (42.6)
2 abnormal biomarkers

P-tau+ T-tau+ MTA- 25 (10.6) 12 (48.0)
P-tau+ T-tau- MTA+ 0(0.0) 0(0.0)
P-tau- T-tau+ MTA+ 10 (4.2) 8 (80.0)
3 abnormal biomarkers

P-tau+ T-tau+ MTA+ 13 (5.5) 11 (84.6)

5.5.2 Predictors of progression

Hazard ratios (95% confidence intervals) for the associations between biomarkers,
cognitive performance, APOE e4 genotype, family history of dementia, and the risk
of progression to any type of dementia are shown in Figure 7. Higher baseline CSF
A42 levels were associated with a reduced dementia risk (HR 0.65), indicating that
lower A42 levels—although still normal according to the laboratory cut-offs—were
linked to an increased risk of disease progression. A one SD increase in t-tau and p-
tau levels was associated with an approximately two-fold and 1.5-fold risk of
dementia, respectively. An increased risk was also observed among those with MTA.
Having the APOE ¢4 genotype (at least one €4 allele) approximately doubled the risk
of dementia, but a family history of dementia was not predictive. Due to the small
number of APOE e4/e4 carriers (N=24), the e4/e4 group was not considered
separately. Better baseline cognitive performance (a higher RAVLT score) was
associated with a lower risk. The results were similar for AD dementia as an outcome
as well as when a higher cut-off was applied for Ap abnormality. These results are
presented in the original Study IV publication.
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Figure 7. Association of biomarkers, cognitive performance, and non-modifiable risk factors
with the risk of progression to any type of dementia.

Hazard ratios (95% confidence intervals) for the associations between vascular
factors, depressive symptoms, CAIDE score, and the risk of progression to any type
of dementia are shown in Figure 8. A higher SBP was associated with a higher risk
of progression to dementia, while a higher BMI and depressive symptoms (a higher
Cornell score) appeared to be protective. Diastolic BP, smoking habits, hypertension,
hyperlipidemia, diabetes, or the CAIDE score (with and without APOE) were not
associated with the risk of progression to dementia. The results were similar for AD
dementia as an outcome as well as when a higher cut-off was applied for Af
abnormality. These results are presented in the original Study IV publication.
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Figure 8. Association of vascular factors, depressive symptoms, and the CAIDE score with
the risk of progression to any type of dementia.

Predictive performance of the basic models (age, cognition) and models with
additional predictors are shown in Table 7. In the main analysis including all patients
with normal A(342 (based on the laboratory cut-offs), A342 improved the prediction
of progression based on age and cognition alone. Adding p-tau or t-tau further
improved the prediction, and a model with age and cognition together with all three
CSF biomarkers was the best. Similar results were obtained in the sensitivity analyses
where a higher cut-off was applied for Af abnormality (Table 7): A342 alone
improved the basic model and was highly predictive in combination with p-tau
and/or t-tau (Harrell C values over 0.80 for both outcomes).

In the main analysis, the APOE ¢4 genotype improved the basic prediction model
and the magnitude of the effect was comparable to that of A342. MTA, vascular
factors, or the Cornell score did not markedly add predictive value, meaning that the
prediction based on age and cognition alone was largely similar. In the sensitivity
analysis, these factors seemed to improve the prediction, but the effect was smaller
than that of CSF biomarkers.
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Table 7. Predictive performance of the basic models and models including additional
predictors.

Harrell C for Harrell C for
>
Prediction model N all Ap42 nom;al:l) N AB42 > 696 pg/ml
Dementia d . Dementia AD .
ementia dementia
Age, RAVLT(basic) 0.69 0.69 0.74 0.74
Basic Basic + Ap42 0.73 0.75 0.79 0.79
model vs Basic + AB42,p-tau 0.75 0.78 0.80 0.82
CSF : Basic + AR42/p-tau 234 0.74 0.78 140 0.78 0.82
biomarkers Basic + AR42,t-tau 0.76 0.81 0.82 0.87
Basic + AR42/t-tau 0.76 0.81 0.81 0.86
Basic + ApR42, 0.78 0.83 0.83 0.88
p-tau, t-tau
i%ﬂgl s Age, RAVLT(basic) -, 0.71 0.72 101 0.74 0.75
: Basic + MTA 0.71 0.72 0.77 0.78
MTA
Basic
model vs. Age, RAVLT(basic) 133 0.68 0.68 72 0.73 0.71
APOE ¢4 Basic + APOE 0.72 0.72 0.77 0.78
genotype
Basic .
Age, RAVLT(basic) 0.69 0.71 0.73 0.75
model vs.  agic + SBP 182 0.70 0.71 109 0.77 0.78
SBP
Basic .
Age, RAVLT(basic) 0.72 0.71 0.78 0.82
modelVs. Basic + BMI 4 074 074 % o080 0.83
Basic
model vs. Age, RAVLT(basic) 183 0.69 0.72 105 0.74 0.78
depressive  Basic + Cornell 0.70 0.74 0.77 0.81
symptoms

5.6 BIOMARKER PROFILES AND DISEASE PROGRESSION IN
PRODROMAL AD - STUDY V

5.6.1 Classification according to the research criteria for AD

Of the 287 LipiDiDiet participants included in the analyses, 180 had only an MTA
score available at baseline. These individuals had either not undergone a lumbar
puncture or CSF biomarkers were not centrally analyzed. Of the 107 participants with
centrally analyzed baseline CSF biomarker data available, both CSF and MTA data
were available for 99 participants. The majority of the participants had abnormal CSF
Ap levels (87.9%), and a similar proportion of the participants had abnormal CSF t-
tau levels (86.0%) and MTA (86.4%) (Table 5, p. 84). CSF p-tau levels were considered
abnormal in 69.2% of the participants (Table 5, p. 84). The classification of the
participants according to the IWG-2, NIA-AA 2011, and NIA-AA 2018 criteria is
shown in Table 8.
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Table 8. Classification of the participants according to the research diagnostic criteria for AD
based on the baseline biomarker profiles.

N (%) within

Diagnostic criteria Biomarker profile diagnostic criteria

NIA-AA 2011 (N=287)

Low AD likelihood Normal AB + normal p-tau, t-tau, MTA 0 (0.0%)
Isolated amyloid pathology ponormal AB + normal p-tau, t-tau, 1(0.3%)
Suspected non-AD pathology Normal AB + abnormal p-tau, t-tau 13 (4.5%)
(SNAP) and/or MTA o7

Abnormal AB + abnormal p-tau, t-tau
and/or MTA

CSF biomarkers not available,
abnormal MTA

High AD likelihood 93 (32.4%)

Intermediate AD likelihood 155 (54.0%)

CSF biomarkers not available,

Inconclusive/uninformative
normal MTA

25 (8.7%)

IWG-2 (N=107)
Normal AB + normal/abnormal p-tau, t-

No prodromal AD tau, MTA OR Abnormal AB + normal 26 (24.3%)
p-tau, t-tau, MTA

Abnormal AB + abnormal p-tau and/or

Prodromal AD 81 (75.7%)

t-tau
NIA-AA 2018 (N=107)
Normal AD biomarkers Normal AB + normal p-tau, t-tau, MTA 0 (0.0%)
Alzheimer’s pathologic change ;’\\/It_Jer)rmal AB + normal p-tau, t-tau, 1(0.9%)
Non-Alzheimer’s pathologic Normal AB + abnormal p-tau, t-tau 13 (12.1%)
change and/or MTA e

Alzheimer’s and concomitant
suspected non-Alzheimer’'s
pathologic change

Abnormal AB + normal p-tau +

0,
abnormal t-tau and/or MTA 25 (23.4%)

Abnormal AB + abnormal p-tau +

AD normal/abnormal t-tau and/or MTA

68 (63.6%)

In the NIA-AA 2011 criteria, MTA is acknowledged as a biomarker along with the
CSF biomarkers, meaning that individuals with missing CSF biomarker information
can be classified. In our study, 54.0% of the participants (155/287) were thus classified
in the NIA-AA 2011 intermediate AD likelihood group (Table 8). Approximately a
third of the participants (32.4%, 93/287) had a high AD likelihood. The inconclusive/
uninformative group comprised 8.7% of the participants (25/287). The remaining
participants had conflicting biomarkers: 4.5% (13/287) were classified as SNAP and
0.3% (1/287) as isolated amyloid pathology.

The subsample of participants with available CSF biomarkers was classified
according to the IWG-2 and NIA-AA 2018 research criteria (Table 8). In total, 75.7%
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(81/107) had IWG-2 defined prodromal AD; approximately a quarter of the
participants (24.3%, 26/107) did not. According to the NIA-AA 2018 criteria, 63.6% of
the participants (68/107) were classified in the AD group. The remaining participants
had conflicting biomarker evidence and were categorized as follows: 23.4% (25/107)
were assigned to the Alzheimer’s and concomitant suspected non-Alzheimer’s
pathologic change group, 12.1% (13/107) to the non-Alzheimer’s pathologic change
group, and 0.9% (1/107) to the Alzheimer’s pathologic change group. There were no
participants in the normal AD biomarker group. However, even a slight adjustment
of the CSF p-tau cut-off (> 55 pg/ml instead of > 60 pg/ml) had an impact on the
classification: in this case, 72.0% of the participants (77/107) were classified in the AD
group and 15.0% (16/107) in the Alzheimer’s and concomitant suspected non-
Alzheimer’s pathologic change group. A Venn diagram illustrating the participants’
biomarker profiles according to the ATN classification scheme (original biomarker
cut-offs) is shown in Figure 9. All participants in the AD group had an A+T+N+
biomarker profile, i.e., all individuals with abnormal CSF A3 and p-tau levels also
had abnormal CSF t-tau levels and/or MTA.

A+T-N-
1 (0.9%)

A+T+N-
0 (0%)

A+T-N+
25 (23.4%)

A-T+N- A-T-N+
0 (0%) A-T+N+ 7 (6.5%)
6 (5.6%)

Figure 9. Biomarker profiles according to the ATN classification scheme among participants
with available CSF (N=107).

A+ refers to abnormal AB (low CSF AB42 levels and/or AB42/40 ratio), T+ to abnormal p-tau
(high CSF p-tau levels), and N+ to abnormal t-tau (high CSF t-tau levels) and/or abnormal
MTA (Scheltens scale, visual rating, 21).
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5.6.2 Cognitive and functional decline and progression to dementia

Estimates for the two-year changes in cognitive (NTB) and cognitive-functional
(CDR-SB) performance, two-year progression rates to dementia, and hazard ratios
for dementia risk are shown in Table 9 for each set of research criteria.

With respect to the IWG-2 criteria, the changes in NTB scores were modest overall
in both groups, and no significant between-group differences were observed. For
CDR-SB, there was more worsening in the prodromal AD group (estimate for change
1.17 points vs. 0.42 points; p=0.03), and this group also had a higher risk of
progression to dementia (progression rate 42.0% vs. 26.9%; HR 4.7, 95% CI1 1.6-13.7).

Similar to the IWG-2 groups, the changes in NTB scores were modest in all NIA-
AA 2011 groups. No significant differences were observed between the reference
group SNAP and the other groups, apart from the intermediate AD likelihood group,
which showed a higher rate of decline in the NTB memory and total scores (p=0.04).
No significant differences were observed between the intermediate and high AD
likelihood groups, indicating a similar pattern of decline in these groups. The high
AD likelihood group was more likely to progress to dementia than the SNAP group
(43.0% vs. 7.7%; HR 7.5, 95% CI 1.0-55.0). There was no difference in the risk of
progression between the high and intermediate AD likelihood groups.

With regard to the NIA-AA 2018 criteria, the changes in NTB scores were again
small across all groups. The AD group consistently showed the highest rate of
decline, but the changes did not significantly differ from those of the reference group,
i.e, non-Alzheimer’s pathologic change. The CDR-SB scores worsened more in the
AD group than in the reference group (estimate for change 1.40 points vs. 0.50 points;
p=0.03) and in the Alzheimer's and concomitant suspected non-Alzheimer’s
pathologic change group (estimate for change 1.40 points vs. 0.44 points; p=0.01). The
Alzheimer’s and concomitant suspected non-Alzheimer’s pathologic change group
did not differ from the reference group. The AD group was more likely to progress
to dementia than the reference group (44.1% vs. 7.7%; HR 9.4, 95% CI 1.2-72.7) and
the Alzheimer’s and concomitant suspected non-Alzheimer’s pathologic change
group (44.1 % vs. 40.0%; HR 2.7, 95% CI 1.0-7.0). No difference in the progression
rate was found between the Alzheimer’s and concomitant suspected non-
Alzheimer’s pathologic change group and the reference group.
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6 DISCUSSION

To successfully plan and conduct the next generation dementia prevention RCTs,
lessons should be learned from the RCTs completed so far. This thesis offers practical
insights into the selection and engagement of target populations for future RCTs.
Studies I, IV, and V dealt with questions related to target population selection;
Studies II and III focused on the target population perspective and dealt mainly with
engagement.

Study I is so far the only study to examine heterogeneity in the response to a
multidomain lifestyle intervention in an RCT that met its primary outcome and
reported significant positive effects on cognition. Exploring which subgroups of
participants are most likely to benefit from a multidomain lifestyle intervention has
direct implications for future RCT design and participant selection. Study IV adds to
the growing body of literature that calls attention to the issue of dichotomizing Af3
and using this information to potentially rule out AD and future risk of disease
progression. Preventive approaches need to be developed and tailored for different
at-risk populations, and our findings may have implications for participant selection
in future RCTs. Study V is so far the only study to apply and assess the currently
available research diagnostic criteria for AD in a real-life RCT setting, both cross-
sectionally and longitudinally. These criteria were specifically designed to facilitate
RCT recruitment, and our work may inform certain types of prevention RCTs about
the most feasible and appropriate participant selection criteria. Finally, Studies I and
III were the first to comprehensively explore the target population perspective in a
multidomain dementia prevention RCT. The focus was on the reasons for
participation and older adults” knowledge of and attitudes towards dementia and
prevention. Another novel aspect was the exploration of potential between-country
differences as well as the role of eHealth in the decision to participate. Qualitative
interviews allowed us to expand on the quantitative findings and gain an even better
understanding of the participant perspective. The findings of these studies can be
used to inform future RCT design (e.g., recruitment strategies, intervention content
and delivery).

6.1 SELECTING TARGET POPULATIONS FOR DEMENTIA
PREVENTION TRIALS

6.1.1 Community-dwelling at-risk older adults as a target population

FINGER is the first and—so far—only large long-term RCT to demonstrate that
community-dwelling at-risk older adults benefitted from a multidomain lifestyle
intervention designed to prevent cognitive impairment. In a pre-specified subgroup
analysis, we assessed whether the overall beneficial effects of the intervention were
evident also in different subgroups of participants and whether there was any effect
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modification by the participant baseline characteristics. This was done to understand
if the FINGER eligibility criteria were sufficient, or if a further stratification or
enrichment based on the risk profile would have led to better effects. We found no
statistically significant heterogeneity in the intervention effects or response,
suggesting that the participants benefitted from the intervention regardless of their
age, sex, education, socioeconomic status, cognitive performance, and vascular risk
profile. The estimated differences in the change in cognition between the intervention
and control groups were consistently positive in all subgroups (in favor of the
intervention group, indicating more improvement).

Subgroup analyses of RCTs are common. Even in RCTs reporting overall non-
significant results, as in many AD/dementia RCTs, they can be useful to generate
further hypotheses and inform future RCTs about the optimal selection of target
populations. Subgroup analyses can be complex and difficult to evaluate, and
cautious interpretations of the results are always warranted. Lack of appropriate
interaction analyses and drawing conclusions based on p-values within subgroups
are common issues (e.g., effect modification is considered to occur when p < 0.05 in
one subgroup but not the other) (Wang et al., 2007). In addition, the absence of
statistically significant interaction effects does not rule out the possibility of effect
modification, because few RCTs are powered to detect such effects in subgroup
analyses (Wang et al., 2007). On the other hand, studying multiple subgroups and
outcomes increases the probability of finding significant effects by chance. For
example, we conducted a total of 56 analyses (14 subgroups x four cognitive
outcomes), which by chance alone would result in up to two significant interaction
terms at a significance level of p=0.05 (one was indeed found). Another problem in
subgroup analyses is that they can suggest a lack of effect in some subgroups when
the RCT results are overall positive (Rothwell, 2005). We did not observe this, and
the estimates within the subgroups were consistently positive and in line with the
main FINGER results. Therefore, while effect modification by participant baseline
characteristics cannot be fully ruled out in the FINGER RCT, it seems that the
intervention likely benefitted the entire at-risk study population. The positive effects
were not limited to certain subgroups of participants, such as those at highest risk of
future cognitive decline based on their age or vascular risk profile.

It is still plausible that individuals who have more room for improvement in some
aspect of the lifestyle or vascular profile could benefit more from an intervention
designed to target that specific factor. For example, even if no interaction effects were
reported in the subgroup analyses of the SPRINT-MIND BP control RCT, a strong
beneficial effect was observed within the subgroup with the highest BP at baseline
(Williamson et al., 2019). In the LIFE exercise RCT, the subgroup analyses suggested
benefits among individuals with a poorer physical performance (Sink et al., 2015).
Likewise, there was some indication of particularly pronounced intervention benefits
in certain high-risk subgroups within our FINGER study population. These included
those who were older, those who had MMSE scores below the median, and those
with higher levels of vascular risk factors (e.g., SBP and cholesterol above the
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median). Some of the subgroups seemed somewhat counterintuitive, such as those
with lower BMI or lower diastolic BP and those with no history of CVD. These
findings underline that it can be challenging to interpret results of subgroup
analyses, and importantly this demonstrates that assessing the risk of cognitive
decline in older adults is not straightforward. With respect to CVD, it is also possible
that participants with a diagnosed disease already had close contact with regular
health care and their risk factors were well controlled and monitored outside this
RCT.

In the context of large multidomain dementia prevention RCTs, in addition to our
FINGER study, subgroup analyses have been conducted in the MAPT and preDIVA
RCTs, both of which reported non-significant overall results. In the MAPT RCT, pre-
specified analysis included subgrouping by baseline cognitive performance;
exploratory subgroups were based on the APOE genotype, frailty, CAIDE score, A3
status in PET, and blood fatty acid profile (due to the omega-3 intervention) (Andrieu
et al., 2017; Chhetri et al., 2018). The authors reported significant interaction effects
and intervention benefits among Af positive participants and those with a CAIDE
score of at least six, the cut-off used in the FINGER RCT to select participants. Other
baseline characteristics did not modify the response to intervention. With respect to
APOE, a significant difference between the intervention and control groups
(indicating an intervention benefit) was observed within the €4 carrier subgroup
(Andrieu et al., 2017). Interestingly, Solomon et al. (2018) reported a similar pattern
in the FINGER RCT. Again, the interpretation of within-subgroup results is
challenging, especially when the overall interaction effects are non-significant.
Nevertheless, these results collectively suggest that the effects of a multidomain
lifestyle intervention are not limited to APOE €4 non-carriers, and lifestyle changes
can support and improve cognitive performance also among individuals with a
genetic susceptibility to AD.

In the preDIVA RCT, effect modification was investigated in subgroups based on
age, sex, APOE genotype, and the baseline vascular risk profile (CVD, hypertension,
and hyperlipidemia) (van Charante et al., 2016). Effect modification was investigated
also separately in ITT and per protocol analyses (the latter included only participants
who adhered to the study visits and the protocol). Formal tests of interactions were
not shown, but based on the per protocol analysis the authors concluded that there
were intervention benefits among those with no history of CVD as well as among
those with untreated hypertension (a diagnosis but no ongoing treatment). With
respect to risk scores, the preDIVA research group investigated potential effect
modification by the LIBRA score (van Middelaar et al., 2018b). Unlike for MAPT, the
authors reported that the effects of the preDIVA intervention did not vary by the
level of dementia risk at baseline. In other words, there was no indication that higher-
risk individuals would have benefitted from the intervention.

Overall, it is difficult to assess whether the significant positive results in the
FINGER and the non-significant results in the MAPT and preDIVA RCTs are
attributable to the selection of the target populations. This is because many additional
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factors such as intervention content and intensity likely played an important role.
Nevertheless, our findings suggest that the FINGER recruitment strategy was
successful. The MAPT and preDIVA subgroup analyses, as well as previous
experiences in diabetes prevention RCTs (Lindstrom et al.,, 2008; Sussman et al.,
2015), further support the hypothesis that recruiting at-risk individuals and
enriching the study population for vascular risk might be the preferred approach in
multidomain lifestyle prevention RCTs. Indeed, many of the new ongoing or planned
dementia prevention RCTs, which are discussed in the literature review in section
2.2.3, target different types of at-risk, rather than unselected, populations. For
example, the U.S. POINTER RCT is recruiting physically inactive older adults with a
family history of dementia, and the South Korean SUPERBRAIN and Australian
MYB RCTs are targeting individuals with at least one or two modifiable risk factors,
respectively (Kivipelto et al., 2020). The CAIDE risk score is also being used as an
inclusion criterion, for example in the APPLE-Tree RCT (Cooper et al., 2020). As in
the FINGER study, the requirement in this RCT is a score of at least six.

While the FINGER RCT targeted an at-risk population, the inclusion criteria were
overall fairly pragmatic. The cognitive criteria excluded only extreme performers
(significant cognitive impairment or very good cognition), and the CAIDE cut-off
score was fairly lenient, ruling out only individuals with a very low dementia risk.
In fact, more than 80% of the individuals in the population-based surveys, which
were used to identify potentially eligible FINGER participants, had a CAIDE score of
at least six (Ngandu et al., 2014). In the MAPT RCT, the CAIDE score was not used
in recruitment, but 87% of the participants still had a score of at least six (Andrieu et
al., 2017). More restrictive criteria are applied in some ongoing RCTs, for example in
the German Agewell.de RCT (Ziilke et al., 2019), to select a population at an even
higher risk of dementia. In this RCT, a CAIDE score of at least nine is required. While
this might, in theory, seem a better approach to maximize the chance of clear
intervention benefits—especially in community-dwelling older adults without any
significant cognitive impairment—recruitment could become an issue when fewer
individuals meet the eligibility criteria. The generalizability of the results could also
suffer, which has implications for the implementation of successful prevention
strategies into clinical practice. In this regard, it is relevant to consider previous
experiences and findings in CVD research. In CVD prevention, a broad population-
based strategy to address risk factors has potentially the biggest impact on public
health (Jousilahti et al., 2016). According to the so-called prevention paradox, most
disease cases occur in a large population at low or moderate risk, and thus, a small
risk reduction in this large low/moderate risk population has more impact than a
large risk reduction in a small population of high-risk individuals (Rose, 1981). This
also means that interventions could have great public health impacts, even if the
benefits experienced by an individual would be fairly small.
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6.1.2 Cognitively impaired individuals with and without AD-pathology as
target populations

The NIA-AA recently proposed a purely biological definition of AD in the 2018
research framework (Jack et al., 2018). Regardless of cognitive performance and
clinical symptoms, AD could be defined by a specific biomarker profile, the key
biomarker being AP. The research framework and the related ATN biomarker
classification scheme (Jack et al., 2016) rely on biomarker dichotomization as ‘normal’
and ‘abnormal’, based on certain cut-off values. A typical AD biomarker profile
equals a higher risk of cognitive deterioration, and individuals without a clear A3
pathology are assumed to have a non-AD pathology and to develop a non-AD
dementia should their cognition even decline over time. We investigated the
prognosis of this less studied at-risk population in a memory clinic study including
MCI patients. Approximately 38% of these patients with CSF AP levels within the
normal range (based on laboratory cut-offs) developed dementia during a fairly short
mean follow-up period of three years, the majority of the cases being the AD-type.
Expectedly, given that markers of neuronal injury correlate with cognitive decline
and disease progression (Jack et al., 2010), we found that these markers were
associated with a higher dementia risk, but interestingly, a lower CSF A within the
normal range was also associated with a higher risk (both all-type and AD dementia).
Compared to a minimal set of basic, commonly available clinical predictors (age, test
of episodic memory), CSF biomarkers—including AB—and particularly the
combination of all three markers also slightly improved the prediction (Harrell C
approximately 0.7 (borderline acceptable) for the basic model; 0.75 for the model
including also AP; and 0.8 (borderline excellent) for the full model). Our findings
suggest that lower Af3 levels might not be benign even in patients with A within the
normal range, and the possibility of AD should not be ruled out in this population.
Abnormality of both A and neuronal injury markers is associated with a greater
risk of clinical progression and faster cognitive decline in MCI than abnormality of
neuronal injury markers alone, but a number of AB-normal, ‘lower-risk’ individuals
still develop AD-type dementia over time (Caroli et al., 2015; Petersen et al., 2013;
Prestia et al.,, 2013; Vos et al., 2015). The association between continuous CSF
biomarkers and the risk of disease progression in this type of population has
previously been investigated in one study (Tijms et al., 2017). This study was
conducted in a mixed SCI/MCI memory clinic population and the findings are largely
similar to ours (lower normal A{ levels were associated with an increased risk). It
has been somewhat unclear whether the association could mainly be driven by
individuals with A{ levels only slightly above the cut-off value. For example, one
study found that MCI patients with SNAP, who later progressed to dementia, tended
to have subthreshold A (Vos et al., 2015). If this was the case, the issue might be
solved by updating the current biomarker cut-offs, which are indeed controversial,
in particular when it comes to CSF AP (Schindler et al., 2018). In the sensitivity
analysis of our study, we applied a higher threshold for normal A, resulting in the
exclusion of patients in the gray zone. Largely comparable results were obtained,
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indicating that the findings were not driven by individuals with A{ just above the
cut-off value. The study by Tijms et al. (2017) supports our conclusions. To select the
AB-normal participants for this study, the researchers used a research-based cut-off
that was stricter than the one used in routine clinical practice. Collectively, these
findings suggest that simply adjusting the current A3 cut-offs may not be the optimal
solution, and a clear-cut threshold to identify individuals with and without
underlying AD may not exist at all.

The accumulation of brain pathology is a complex and dynamic process that
should be viewed as a continuum with no sharp boundaries between normal and
abnormal, or disease and no disease—even if cut-offs are useful in certain situations
to identify high-risk individuals. A growing body of literature highlights the
importance of studying A{ as a continuous rather than only a dichotomous measure.
One PET study concluded that a continuous measure of the Af3 burden (in this case
the standardized A tracer uptake value ratio in PET) might be more informative
than a simple dichotomization when predicting the rate of cognitive decline in
middle-aged cognitively healthy individuals (Farrell et al., 2017). A greater AP
burden, mainly among Af-positive individuals, was associated with more decline
over time in this study. Other PET studies, also in cognitively healthy individuals,
showed that the accumulation of Ap within the normal range might be related to
subsequent cognitive decline (Farrell et al., 2018; Landau et al., 2018). ADNI studies
in cognitively healthy and MCI individuals have reported substantial changes in
neuronal injury markers and cognitive performance even below the AP positivity
threshold (Insel et al.,, 2015a, 2016, 2017). A perspective paper that was published
approximately at the same time as our study, also called attention to the problem
with A dichotomization (McRae-McKee et al., 2019). In this study, cognitively
healthy ADNI participants were classified as A3 positive or negative according to
the established cut-offs for A3 PET positivity in the ADNI cohort. The difference
between the observed value and cut-off value was calculated for each participant
(indicative of how much the value is below or above the cut-off). The authors found
that the cognitive trajectories were largely similar when excluding individuals with
any extreme values and focusing on those with values close to the threshold
(comprising 40% of the whole sample).

In our so-called amyloid-normal memory clinic cohort, we also investigated
factors other than CSF biomarkers as potential predictors of subsequent dementia.
Factors included in the analysis were cognitive performance (episodic memory),
MTA, the APOE genotype, a family history of dementia, the Cornell test score as a
measure of depressive symptoms, the CAIDE score, and vascular factors including
BP, BMI, smoking habits, and vascular conditions. A poorer episodic memory, APOE
€4 genotype, and higher SBP showed an association with a higher dementia risk,
while higher BMI and depressive symptoms were associated with a lower risk. Other
vascular factors, smoking, or the CAIDE score were not associated with the risk of
disease progression. None of the factors markedly improved the prediction of
dementia based on age and cognition alone. However, it is noteworthy that some
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variables were only available for a subset of patients, potentially limiting the
statistical power of the analyses.

Overall, previous findings on modifiable risk factors as predictors of progression
from MCI to dementia are mixed. While important in mid-life, these factors might
have a less straightforward role in old age and when the follow-up period is fairly
short. They could potentially also have only limited relevance in a cognitively
impaired patient population. In one meta-analysis, lower BMI, hypertension, and
diabetes were identified as risk factors for progression, while smoking and
hyperlipidemia did not show an association with subsequent dementia (Li et al,,
2016). Another meta-analysis evaluated the evidence and reported findings
separately for amnestic/non-amnestic/any MCI and for AD dementia/any dementia
as outcomes (Cooper et al., 2015). In this study, a lower BMI and excessive use of
alcohol were identified as risk factors for progression from any MCI to any dementia;
metabolic syndrome was a risk factor for progression from amnestic MCI to any
dementia; and diabetes was a risk factor for progression from amnestic and other
types of MCI to both AD and any dementia. Physical activity was associated with a
lower dementia risk (progression from any MCI to any dementia), as was a
Mediterranean-type diet (progression from amnestic MCI to AD dementia).
Inconsistent evidence or a lack of association was reported for depression, smoking,
hypertension, and hyperlipidemia (Cooper et al., 2015). In these meta-analyses, the
predictors were not assessed separately in A negative and positive patients. In one
large multicenter study investigating predictors of cognitive decline, individuals
were classified according to the IWG-2 and NIA-AA 2011 criteria (Bos et al., 2017). In
this study, alcohol consumption was identified as the only modifiable predictor for
disease progression in MCI, whereas smoking habits, depression, obesity, and
vascular comorbidities (hypertension, hyperlipidemia, diabetes, stroke, and
atherosclerosis) did not predict future decline. No effect modification by the
biomarker profile was observed.

Prior to our study, the potential utility of the CAIDE score as a prediction tool in
memory clinic settings has been investigated in another Karolinska University
Hospital Memory Clinic study where the population was a mixed group of SCI and
MCI patients (Enache et al.,, 2016). These patients were not selected or classified
according to their biomarker profiles. The authors of this study concluded that the
CAIDE score (with and without APOE) was a fairly poor short-term predictor of
dementia (areas under the curve approximately 0.6). It is likely that other prediction
models and tools are needed for memory clinic populations. Ideally, these could be
more personalized than the current tools and include continuous biomarkers instead
of a categorization as abnormal or normal. Recently, such models were proposed for
memory clinic MCI patients and they were also validated externally (van Maurik et
al., 2017, 2019). These models did not include any vascular, lifestyle-related, or other
potentially modifiable risk factors, which is typical for prediction models that are
intended for individuals with MCI. A recent meta-analysis identified 15 different
models for prediction of progression from MCI to AD dementia, all of which relied
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on cognitive tests and biomarkers and none of which included modifiable factors
(Hou et al., 2019). Prediction tools with more than simply fixed components would
have the advantage of including factors that could be managed and monitored by the
patients themselves and targeted with preventive interventions.

With respect to memory clinic MCI populations, including those without a clear
AD-type pathology, it remains unclear what the most relevant risk factors are for
disease progression and whether improving them could actually slow down
cognitive decline or delay the onset of dementia. In our study, higher BP and lower
BMI were associated with an increased dementia risk, but these factors did not
markedly improve the prediction based on age and cognition alone. In this already
cognitively impaired patient population, it is possible that a change over time in these
factors, for instance weight loss, could have been more informative than the absolute
values at the time of the baseline assessment. However, this information was not
available. Other potentially relevant modifiable factors that were not available for
our analyses include for example physical activity, dietary habits, and engagement
in cognitive and social activities. In addition to the limited data availability, our
clinic-based study also has other important limitations. First, there was variation in
the follow-up time and number of memory clinic visits, and because of the relatively
short mean follow-up period, it is possible that some patients will progress to
dementia at a later stage. Second, follow-up visits at the Memory Clinic are arranged
based on the clinician’s assessment and judgment, and higher-risk individuals might
be more likely to be re-examined at the clinic after their first diagnosis. Finally, as the
clinicians were not blinded to the CSF biomarker data, bias introduced due to
circularity cannot be fully ruled out. However, lumbar puncture and CSF collection
is a part of the routine examination protocol at the Memory Clinic (i.e., it is performed
for all patients who can safely undergo the procedure, not just for those with
suspected AD).

Considering the positive signals in the SPRINT-MIND BP control RCT
(Williamson et al., 2019), the association we observed between BP and the risk of
dementia in our study population could be interesting and should be further
explored. With respect to weight and nutritional status, some RCTs are already
investigating the possibility to slow down cognitive decline by supporting the
nutritional status and improving nutritional deficiency at the pre-dementia stage.
One example is the LipiDiDiet RCT investigating a multinutrient medical food
product (Soininen et al., 2017). Another example is the Multimodal Preventive Trial
for Alzheimer’s Disease (MIND-ADmini) pilot RCT (ClinicalTrials.gov identifier
NCT03249688), which is based on the LipiDiDiet and FINGER RCTs and targets
prodromal AD (Kivipelto et al.,, 2020). The MIND-ADmini study is evaluating the
feasibility of a lifestyle-based, FINGER-type multidomain intervention, alone and
together with the multinutrient medical food product used in the LipiDiDiet RCT.
This approach addresses many different modifiable risk factors simultaneously.
Several other initiatives to address modifiable risk factors in MCI are also ongoing,
as discussed in the literature review in section 2.2.3.
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The above-mentioned LipiDiDiet and MIND-ADmini RCTs, as well as drug RCTs
and many other ongoing and planned RCTs, focus specifically on the early
prodromal stages of AD rather than more heterogeneous MCI populations.
However, it remains unclear what the ideal criteria are to identify the prodromal AD
population. Optimal selection criteria depend on the RCT, but in general, the criteria
should be specific enough to reliably identify a population with underlying AD-
pathology and a high short-term risk of disease progression, yet be pragmatic enough
to ensure efficient recruitment. The LipiDiDiet RCT is one of the first prevention
RCTs to use the IWG-1 criteria for prodromal AD in participant selection, and it offers
a rare opportunity to apply and assess all the so far proposed research diagnostic
criteria for AD in a real-life RCT setting. This is because the study population selected
based on the less restrictive criteria could be re-classified according to the more
restrictive criteria. In our study, we examined the LipiDiDiet participants’ baseline
biomarker profiles, classified them according to the IWG-2, NIA-AA 2011, and NIA-
AA 2018 criteria, and investigated the rate of cognitive/functional decline and risk of
progression to dementia over two years. We found that the majority of the
participants could be classified as having prodromal AD (IWG-2), a high AD
likelihood (NIA-AA 2011), and AD (NIA-AA 2018), even though MTA was often the
only biomarker analyzed at screening. Nearly nine out of 10 participants were A3
positive, and most participants had an A+T+N+ biomarker profile.

Previous studies have shown that the newer research diagnostic criteria tend to
be more specific than the IWG-1 criteria (Prestia et al., 2015; Vos et al., 2015). Still, our
findings suggest that the IWG-1 criteria may reliably capture an early symptomatic
AD population, even though these criteria are more pragmatic and require less
comprehensive biomarker evidence than the more recently proposed criteria. It is
still noteworthy that approximately a quarter of the participants with available CSF
data had a normal p-tau and an A+T-N+ profile, indicating either subthreshold level
tauopathy or amyloidosis in combination with comorbid non-AD pathologies which
might drive neurodegeneration (Botha et al., 2018; Jack et al., 2019¢; Nelson et al.,
2019). We observed that even a small adjustment of the CSF p-tau cut-off changed
the classification, suggesting that several LipiDiDiet participants with an A+T-N+
profile had subthreshold levels of tau. Similar to our study among memory clinic
patients with A{3 in the normal range (Study IV), this finding underlines the issue
with using sharp dichotomous cut-offs to classify individuals.

In the longitudinal analysis of disease progression, we observed that the decline
in cognition (i.e., NTB) and cognitive-functional performance (i.e., CDR-SB) tended
to be steeper in the prodromal AD (IWG-2), high and intermediate AD likelihood
(NIA-AA 2011), and AD (NIA-AA 2018) groups. However, few significant
differences were observed between these and the respective reference groups. It is
likely that we lacked the statistical power to detect between-group differences
because of the small sample size and limited number of observations in groups
reflecting lower certainty of AD (e.g., reference groups ‘low AD likelihood” and
‘SNAT’). Another explanation is that the cognitive changes were modest overall and
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smaller than expected during the first two years of the LipiDiDiet RCT, as discussed
by Soininen et al. (2017). We observed here that the changes in the NTB scores were
modest even among those with both abnormal A and neuronal injury markers.
However, after three years, Soininen et al. (2020) reported that the change in
cognition in the whole LipiDiDiet population was closer to what was initially
expected. With respect to CDR-SB, we found that the increase (i.e., worsening) was
more pronounced in the NIA-AA 2018 AD group (A+T+N+) than in the Alzheimer’s
and concomitant suspected non-Alzheimer’s pathologic change group (A+T-N+).
This supports the distinction between markers of tau (e.g., p-tau) and other neuronal
injury markers. The LipiDiDiet extension studies will shed light on the longer-term
cognitive and cognitive-functional trajectories and prognosis across the different
biomarker profiles.

In terms of progression to dementia, the rates of progression increased with
increasing evidence for AD-type pathology and the risk was higher among
participants with IWG-2 prodromal AD, NIA-AA 2011 high AD likelihood, and NIA-
AA 2018 AD. Progression in these three groups was very similar, highlighting the
overlap between the criteria and the groups. Overall, our findings are in line with
studies showing that MCI individuals with IWG-2 prodromal AD or NIA-AA 2011
high AD likelihood, i.e., those with abnormal A3 and neuronal injury markers, might
have an increased risk of disease progression compared to those with normal/
conflicting biomarkers or only abnormal A (Bertens et al., 2017; Vos et al., 2015). The
few available longitudinal studies investigating the NIA-AA 2018 criteria have also
reported an increased risk of decline for the AD biomarker profiles, both in MCI
(Altomare et al., 2019; Ekman et al., 2018) and among cognitively healthy individuals
(Ebenau et al., 2020; Jack et al., 2019¢; Soldan et al., 2019).

The evaluation of participant eligibility in the LipiDiDiet RCT was often based on
the assessment of MTA rather than CSF biomarkers, due to feasibility reasons. A
large group of participants included in our study were, thus, classified in the NIA-
AA 2011 intermediate AD likelihood group. Notably, we observed that the rate of
disease progression was consistently similar in this group and in the high AD
likelihood group (A abnormality required). This is an encouraging result, given that
the assessment of only one biomarker (usually MTA in widely available MRI) is a
common scenario. The currently used methods for measuring Af are invasive
(lumbar puncture) and costly (PET), limiting their application in routine clinical
practice and in RCTs conducted in diverse settings and diverse populations. While
CSF and PET assessments are currently necessary to verify the biomarker status in
RCTs investigating A[- or tau-targeting therapies, less restrictive selection criteria
could be considered due to feasibility in RCTs investigating non-pharmacological
lifestyle interventions or combination therapies, for example. These interventions
may not directly target specific disease pathologies but exert their effects through
multiple mechanisms of action. Such RCTs are increasingly relevant, and many are
currently ongoing or planned in different settings and populations (Kivipelto et al.,
2020).
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6.2 ENGAGING TARGET POPULATIONS IN DEMENTIA
PREVENTION TRIALS

6.2.1 Altruism and personal benefit as key reasons for participation

When the HATICE RCT participants were asked to specify the relevant reasons for
participation, multiple items were frequently selected, but three common motivating
factors emerged from the questionnaires and interviews: 1) the desire to contribute
to scientific progress (altruistic reason), 2) the possibility to improve one’s own health
through lifestyle changes (personal reason), and 3) access to additional medical
monitoring in the trial (personal reason). Each of these statements was selected in the
questionnaire by 80-85% of the participants, and each of them was indicated as the
single main reason by approximately 20-30% of the participants. Approximately half
of the population indicated another personal reason, namely health concerns, as a
reason for participation and it was the main reason for 8% of the participants. In the
interviews, aspects such as societal benefit, helping other older people, and
dutifulness were mentioned as altruistic motives. Making lifestyle changes such as
losing weight or increasing physical activity was considered useful to manage
existing CVD and risk factors and to potentially avoid medications in the future.
Individuals emphasizing medical monitoring perceived HATICE as an easy and
convenient way to confirm good health or address specific health concerns, which
were often related to cognitive performance and personal risk of developing
cognitive impairment.

Different altruistic and personal reasons are important incentives for older adults
in RCTs dealing with nutrition (Fearn et al., 2010), cancer (Nielsen & Berthelsen,
2019), CVD prevention (Cheung et al., 2008; Halpern et al., 2003; Tolmie et al., 2004),
and self-management of chronic conditions (Reed et al., 2013). Similarly, studies
investigating participation in hypothetical AD RCTs (Calamia et al., 2016; Cox et al.,
2019; Grill et al., 2013, 2016; Lawrence et al., 2014; Nuno et al., 2017), real-life drug
RCTs (Bardach et al., 2018; Solomon et al., 2012), dementia research registries (Avent
et al., 2013; Jefferson et al., 2011), and longitudinal cohort studies such as the
Whitehall II (Mein et al., 2012) and Gothenburg H70 Birth Cohort Studies (Dahlin-
Ivanoff et al.,, 2019) have identified altruistic reasons and personal benefits as the
most common motivations. Recently, the mixed-method Study of Participant
Experience of Alzheimer’s disease Research (SPEAR) within EPAD reported that
nearly all the participants selected helping others as a somewhat or very important
reason to enroll in this trial-readiness cohort study; access to new therapies in the
future and learning about their health were selected by approximately 50% and 30%,
respectively (Brenman & Milne, 2020). These results have been published as a report
and not yet as a research article. Prior research on older adults’ reasons for enrolling
specifically in dementia prevention RCTs is scarce, but in line with our findings, the
preDIVA and In-MINDD RCTs also highlighted the importance of personal benefit.
Regular medical check-ups including physical and cognitive assessments were
perceived as highly useful and reassuring in the preDIVA study (Ligthart et al., 2015),
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and the In-MINDD participants mentioned general interest in personal risk factors
and the possibility to reduce dementia risk as a reason (Irving, no date). Similarly to
the SPEAR study, the In-MINDD results are currently available only as a preliminary
report. Regarding the preDIVA RCT, the interviews took place four years after
randomization, and it is thus unclear whether and how the intervention and other
procedures, such as study visits, had affected the participants’ views on their
participation. An advantage of our study was that it was conducted in a real-life RCT
and importantly, during the recruitment phase. A key limitation is the scarcity of
quantitative and qualitative data on non-participation. A detailed exploration of
reasons for non-participation could have strengthened our study by offering
additional insights into how the target population perceived the RCT (Dahl et al.,
2018; Foster et al., 2015; Hughes-Morley et al., 2016; Kandola et al., 2018).

Whether personal benefits and the desire to help research are equally important
incentives for older adults, or whether more importance is given to one or the other,
is unclear. This could depend on the study design (observational studies vs.
interventions), the target population (patients vs. others), and the research
methodology (quantitative vs. qualitative). In some survey studies, respondents
selected both altruistic and personal reasons, but they were not asked to specify the
main reason (e.g. Bardach et al.,, 2018; Calamia et al., 2016). According to some
studies, altruism might weigh more than personal benefit in the decision-making
(Avent et al., 2013; Jefferson et al., 2011; Solomon et al., 2012). In the qualitative
substudy of the Whitehall II study, participants gave more importance to medical
check-ups than altruistic motives, although the study staff believed the opposite
(Mein et al., 2012). Our qualitative findings suggest that altruism was an important
incentive for the HATICE RCT participants, but it was rarely the tipping point.
Rather, it often appeared subordinate to other reasons. Even those who emphasized
altruism as the most important reason were not willing to selflessly help any
research. Research aiming to improve older adults’ quality of life, care, and health
services was a priority, as the participants considered it relevant for themselves in
the future. Helping others or society is thought to be important, but older adults may
be unlikely to participate unless they feel they will benefit in some way. This has been
observed also in qualitative studies embedded for example in epilepsy and gastro-
oesophageal reflux disease RCTs (Canvin & Jacoby, 2006; McCann et al., 2010).
McCann et al. (2010) described that while helping others was the reason behind the
initial interest in participation, the final decision was made only after weighing the
perceived personal benefits, disadvantages, and risks.

A desire to prevent disability and maintain an active and independent life in old
age was a key underlying motivation for participation in the HATICE RCT. It
appeared in the background, regardless of whether the participants named altruistic
or personal reasons as their main motivations. Persons reporting altruistic reasons
appeared to be particularly concerned over functional deterioration and loss of
autonomy in old age. The ascertainment of a good health status, careful monitoring
of pre-existing conditions, and early identification of any new disease were
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considered important to be able to lead a fulfilling life for as long as possible. Finally,
a desire to prevent disability and discomfort, rather than any specific disease as such,
motivated some participants to make lifestyle changes. As one interviewee
mentioned, “it is normal to eat pills in old age, they don’t cause any worry or
inconvenience. When I don’t feel sick, I don’t perceive myself as being sick”. This
view on successful aging has been reported also in some previous studies. For
example, in the Finnish Vitality 90+ study in the oldest-old population, the
interviewees rarely referred to physical health when describing good aging, but
emphasized aspects such as being free of pain and disability, being able to continue
living independently, and maintaining a meaningful social life and friendships
(Nosraty et al., 2012, 2015). When motivating older adults to make lifestyle changes
and adhere to lifestyle interventions, the possibility to prevent functional
deterioration and disability could be emphasized even more.

6.2.2 The Internet: facilitator or barrier to participation in eHealth trials?

In the future, a number of preventive interventions will be eHealth- or mHealth-
based. Therefore, it is important to understand how older adults perceive the digital
aspect of the intervention and whether it could affect their willingness to participate.
In our study, a positive attitude towards the Internet and interest in improving
computer skills were selected as a reason for participation by approximately 40% and
25% of the questionnaire respondents, respectively. Nearly half of the participants
appreciated the flexibility associated with an online intervention. However, the
digital means of intervention delivery did not play a key role in the decision to enroll
in the HATICE RCT: Internet-related reasons were the main motivation only for less
than 5% of the participants. As suggested by previous studies (Foster et al., 2015;
Kandola et al., 2018), it is possible that the Internet was, in fact, an important reason
to not enroll in the trial, but we were not able to explore this issue as the data on non-
participation were insufficient.

With respect to the potential usefulness of the Internet in health promotion and
risk factor self-management, the interviewees’ opinions varied. Especially those
using computers regularly in their everyday lives saw benefits, but some were
doubtful whether health information found online is reliable. The HATICE program
as such was perceived as trustworthy because it was offered by a reliable party (i.e.,
a university). Consistent with a previous mixed-method study investigating
facilitators and barriers to participation in a hypothetical eHealth dementia
prevention RCT (Wesselman et al., 2018), many of our study participants also
wondered if they had sufficient computer skills to successfully engage in the
intervention and complete the program. Another common finding in both studies
was that older adults have concerns over the reliability and inconsistency of
information found online. Health information is scattered, and it is hard to determine
what is relevant. In another recent study, older adults appeared to have little trust in
dementia-related information presented in the media, and current recommendations
and evidence for risk factors and prevention were perceived as inconsistent and
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inconclusive (Bosco et al., 2020). In recent years, the Internet has become a key source
of brain health related information for many people (Heger et al., 2019; Wesselman
et al., 2018), and for example in the Alzheimer’s Disease International (2019) survey,
36% of the respondents stated that they would seek help and advice on the Internet
if they were worried about their cognition. Yet, older adults might not be able to
assess the credibility of online information as well as younger individuals (Liao &
Fu, 2014), and with regard to information about AD prevention, the quality of online
articles and websites has been shown to vary greatly (Robillard & Feng, 2016). An
eHealth platform should, therefore, be a one-stop-shop for reliable, evidence-based,
and up-to-date information about dementia and prevention.

Consistent with population-based surveys (Cations et al., 2018), we found that the
HATICE participants included in our study appeared to have a poor overall
knowledge of dementia and prevention. For example, we identified a misconception
that dementia is a part of normal aging and entirely attributable to non-modifiable
factors. The link between vascular factors and cognitive impairment was unclear;
some described that dementia could at most be slowed down but not prevented
completely by improving certain modifiable risk factors. Cognitive activities and
stimulation were mentioned more often as beneficial than physical activity and
healthy dietary habits, which is in line with previous findings. For example, in the
Dutch Mijnbreincoach (My Brain Coach) survey, being cognitively active, engaging
in physical activity, and having a healthy diet were identified correctly as protective
factors by approximately 50-80% of the people surveyed (Heger et al., 2019). The role
of vascular disease and risk factors, such as coronary artery disease, hypertension,
and hyperlipidemia, was recognized less often (by approximately 20-30% depending
on the factor). The HATICE interviewees in our study reported hearing and reading
about the topic of dementia prevention, but their understanding seemed superficial.
Both our study and a previous qualitative study (Kim et al., 2015) suggest that, even
if many older adults could name risk factors correctly in surveys, they might not fully
comprehend what these factors actually mean, or how they could be managed in
practice. Online platforms offered by health care units or universities could be an
attractive and convenient way to access tangible and understandable information
about health and dementia prevention.

eHealth and mHealth tools are designed for independent use, but studies
investigating facilitators and barriers to engagement have shown that older adults
might appreciate human contact also in remote interventions. Interaction with other
participants might not be very important (Wesselman et al., 2018), but the possibility
to communicate with a health care professional, ask questions, and get personal
support is essential (Jongstra et al., 2017; van Middelaar et al., 2018a). This could
increase older adults’ initial interest in the program, but also boost their motivation
to continue its use (van Middelaar et al., 2018a). The HATICE interviewees in our
study similarly mentioned that they expected and wished to also interact with the
coaches in face-to-face consultations or on the phone. The wishes and needs of older
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adults for personal interaction, feedback, and hands-on guidance with computers
could be a challenge in future large-scale online prevention interventions.

6.2.3 Impact of the setting and recruitment strategies on the motivation to
participate

The multinational RCT setting allowed us to investigate potential between-country
differences in older adults’ reasons for participation in the HATICE RCT. The three
motivations discussed in section 6.2.1 were the main reasons in all three countries,
but the importance given to each of them varied slightly between the countries. In
the questionnaire, the willingness to contribute to research was the most frequently
mentioned reason for participation in France and in the Netherlands, whereas in
Finland it was the third most common reason. Each of the three reasons was selected
as the main reason by approximately 25% of the Finnish participants, whereas
around 40% of the Dutch and 50% of the French participants selected altruism.
Approximately one in three Finnish and one in four Dutch participants indicated that
being worried about their health or being interested in receiving medical monitoring
was their main reason, whereas it was the case for only approximately 10% of the
French participants. These differences were evident also in the interviews.

While the role of cultural differences cannot be fully ruled out, it is likely that the
different HATICE recruitment strategies explain many of these findings. In Finland,
participants were recruited from a population register (65+ year-old individuals
living in the area were identified and invited) and in the Netherlands the recruitment
was carried out via GP practices (GPs invited 65+ year-old patients). In France,
participants were recruited among those who had attended CVD consultations at a
local prevention center. In the interviews, many French participants described that
they had a close and trustworthy relationship with their physician, and they had
experienced only minor, if any, problems accessing health care services. Dutch
participants showed interest in the possibility to receive medical monitoring in the
HATICE RCT, but mostly to confirm a good health status. Finnish participants, on
the other hand, described various problems with health care and found it difficult to
access treatment or get consultation. Some of them wanted to participate in the
HATICE RCT to simply confirm that they did not have underlying health issues, but
many had specific health concerns. A decrease in satisfaction with regular health care
services and in the perceived access to these services has been reported in Finland
(Raivio et al., 2014), and unmet medical needs are more common in Finland than in
many other European countries (OECD/European Observatory on Health Systems
and Policies, 2017). Participants in the Swedish Gothenburg H70 Birth Cohort Study
were also reported to have similar concerns and doubts about health care (Dahlin-
Ivanoff et al., 2019). Getting better-quality health care and monitoring to detect if
anything is wrong, i.e. “accessing health services through the back door” as
described by Townsend and Cox (2013), was identified as a key motivation to
participate in this study. Taken together, personal reasons for study participation,
such as having medical check-ups, might be less relevant when older adults have a
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stable relationship with a physician and feel that their health issues are taken care of.
In contrast, the possibility to discuss concerns with health care professionals and
receive medical check-ups might be one important incentive when access to regular
care is—or at least is perceived to be —limited.

6.2.4 Personal experiences of dementia as a reason for participation

In the interviews where the topic of cognition and dementia was discussed with the
participants, having a family history of dementia or other first-hand experiences with
affected people emerged as a recurrent theme. Personal experience was linked to
sensitivity and receptiveness to issues related to brain health and prevention, and it
was one important factor underlying the decision and motivation to engage in
prevention and participate in the HATICE RCT. As shown before (Glynn et al., 2017),
those with a family history or other experience with dementia seemed somewhat
more knowledgeable about the condition and had a better understanding of the
protective effects of physical activity, a healthy and balanced diet, and social and
cognitive stimulation. Great emphasis was nevertheless placed on genes and
heredity as the determinants of illness. Some were uncertain whether prevention
would be possible, especially if their loved ones living with dementia had no
apparent modifiable risk factors. The participants’ beliefs and knowledge, acquired
from the media, for example, were often related back to and weighed against their
own first-hand experiences. Feelings of fear, hopelessness, and anxiety were
expressed when the topic of dementia was discussed, and concerns and distress were
often related to the personal cognitive performance of the participants and the risk
of future impairment. Some participants monitored themselves closely and a family
history of dementia had increased their awareness of their cognition. As reported
before (Robinson et al., 2018), neurocognitive disorders and dementia were described
as life-threatening and incurable illnesses, and they were perceived as clearly distinct
from other conditions prevalent among older adults (e.g., cancer or CVD) in the sense
that a person with dementia would eventually lose their personhood and become
useless. As one participant of another study described, “with Alzheimer’s you stop
being you” (Milne et al., 2018). In this study, individuals with a family history of
dementia were interviewed regarding their potential interest in learning about their
biomarker profiles.

Personal experiences and exposure, as well as negative emotions such as fear, are
known to affect how an individual perceives the risk of a specific health-related
threat (Ferrer & Klein, 2015). According to previous literature, a family history of
dementia shapes the understanding and perception of personal dementia risk
(Caselli et al., 2014; Lock et al., 2006; Milne et al., 2018; Roberts et al., 2014). In the
study by Milne et al. (2018), many interviewees with a family history of dementia
already considered themselves at high risk and did not think that learning about their
biomarker profile or other clinically relevant information could change their view.
Importantly, the perception of disease risk is a key determinant of health behavior
(Ferrer & Klein, 2015), and a key finding in our study was that fear and a family
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history or other experiences with dementia appeared to be linked to an increased
motivation towards prevention (i.e., lifestyle improvement) and a willingness to
participate in the HATICE RCT. A few other studies in the context of dementia (Bosco
et al., 2020; Milne et al., 2018) and diabetes (Folling et al., 2016) also reported that
individuals who considered themselves at high risk showed great interest in
prevention. However, the evidence is mixed. A perceived risk might motivate some
individuals, but discourage others (Claassen et al., 2010; Prom-Wormley et al., 2019).
A systematic review concluded that APOE genotype disclosure to first-degree
relatives of AD patients might lead to at least short-term lifestyle changes
(Bemelmans et al., 2016); however, a meta-analysis did not find any link between
genetic risk disclosure and lifestyle change (Hollands et al, 2016). In future
prevention RCTs, it would be relevant to explore how participants perceive their own
risk of dementia and address any potential false beliefs or concerns (e.g., prevention
is not possible due to the family history). This is important, given the recent evidence
that lifestyle changes are likely to be beneficial even among individuals with a genetic
susceptibility to AD (Lourida et al., 2019; Solomon et al., 2018).

One key incentive for participation in the HATICE RCT was to learn about one’s
own cognitive health and risk of dementia through clinical and cognitive
assessments. This was true especially for those with a family history of dementia or
other first-hand experience with affected individuals. Genetic testing and disclosure
were mistakenly expected by some participants. For some, the HATICE RCT
appeared to be a convenient way to confirm that nothing was wrong; some
emphasized the early detection of AD. A few participants thought that frequent
monitoring of their health status and cognitive performance in an RCT could
accelerate access to early treatment and care, a finding reported also by Milne and
colleagues (2018). Overall, public interest in learning about the likelihood of
developing AD is high, especially when a person has a family history of AD and they
perceive the risk as high (Roberts et al., 2014; Tang et al., 2017; Wikler et al., 2013).
This also increases the interest in RCT participation (Grill et al., 2013, 2016; Lawrence
et al.,, 2014). However, not all individuals are willing to receive information about
their own risk (Brenman & Milne, 2020; Lawrence et al., 2014; Ott et al., 2016), and
biomarker disclosure, for example, may evoke anxiety and stress (Milne et al., 2018).
Some of our participants also expressed reservations and mentioned not wanting to
know yet if they would develop dementia in the future.

For some older adults, a family history of dementia or other first-hand
experiences with affected individuals could nevertheless be one reason to seek
medical advice and information about their health and dementia risk in an RCT.
Should fear and the stigma of dementia prevent some people from seeking help in
regular health care (Akenine et al., 2020), participation in an RCT (e.g., a lifestyle RCT
with little risk associated with the intervention) could be an easy way to address
health-related concerns. Medical monitoring to complement health care could be
emphasized in future prevention RCTs to facilitate recruitment, but it is important to
address any potentially unrealistic expectations older adults may have regarding
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diagnostic or risk assessments. Disappointment in the intervention content or study
visits and assessments could increase the risk of drop-out and non-adherence (Skea
et al., 2019).

Itis possible that learning more about one’s own health might be a relevant reason
to participate in RCTs when individuals are not necessarily in regular contact with a
health care or prevention unit. In our study, this was the case at the Finnish study
site. In the interviews, the topic of dementia was explored only when the
interviewees introduced it themselves, for instance, when they mentioned dementia
or related aspects as a reason for participation in the HATICE RCT. Only the Finnish
participants spontaneously mentioned the topic of dementia, and it was not
discussed in France or the Netherlands. This could reflect the impact of different
HATICE recruitment strategies. Not including the topic of dementia in the original
ACCEPT-HATICE core interview guide is a key limitation of Study III, as it would
have allowed us to explore potential between-country differences in knowledge and
perceptions, like in Study 1L

6.2.5 Recommendations for future trial design and conduct

Based on the findings of Studies II and III, some recommendations can be proposed
for the future design and conduct of complex multidomain dementia prevention
RCTs including a lifestyle component. These are listed in Box 2.
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Box 2. Recommendations for future dementia prevention RCTs targeting older adults.

Recruitment in RCTs could potentially be facilitated by:

The following aspects could be considered to improve the design of interventions:

Highlighting personal benefits, e.g., medical check-ups and tests to ensure a
good health status and to monitor vascular and cognitive health.

But: participation does not replace regular care and unrealistic expectations
should be managed.

Highlighting the scientific and societal impact of the RCT; explaining its purpose
and linking it with concrete outcomes relevant for older adults.

Emphasizing the quality of life and prevention of disability and functional
impairment.

Targeting older adults with a family history of dementia or other experiences with
affected individuals as they could be more motivated and receptive to the topic.

Tailoring recruitment strategies; emphasizing different aspects in different
settings (e.g., medical monitoring when participants do not have regular contact
with a health care unit).

Understandable, evidence-based information about health, prevention, and risk
factors, with a focus on common misconceptions (the role of age and genes) and
the link between vascular and cognitive health.

Communicating about recent research findings; using risk scores or other tools to
illustrate the risk of dementia and potential of risk reduction.

Tailored support to improve lifestyles; practical advice and tips; active coaching
and follow-up as some people want to feel accountable to stay motivated.

The possibility to communicate with the study staff and fellow participants also in
real life (eHealth RCTSs).

Encouragement and hands-on support with the platform and devices (eHealth
RCTs).
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7

CONCLUSIONS

In general, the findings of this thesis support the notion that conducting large-scale
and multinational dementia prevention RCTs is feasible. Careful selection of
participants and understanding their motivations and expectations may further
increase the efficacy and participant engagement.

The following conclusions can be drawn based on the studies in this thesis:

ey

)

)

4)

In the FINGER RCT, in which the CAIDE dementia risk score and cognitive
testing were used to select a population at increased risk of cognitive decline,
beneficial intervention effects were not limited to any subgroups of participants
but were observed in the whole population. No further stratification or
enrichment was necessary to obtain better effects. Targeting an at-risk, rather
than unselected, population is likely to be the optimal strategy in multidomain
prevention RCTs. The use of the FINGER model and selection criteria is feasible
and appropriate in RCTs with a similar design.

Memory clinic patients with MCI and ‘normal’ CSF Af3 are at risk of short-term
progression to AD-type dementia, despite the absence of clear AD-typical
pathology. AD should not be ruled out in this population, and biomarkers
should ideally be treated as continuous rather than dichotomous measures when
assessing and predicting the risk of disease progression. Given that these
individuals are often ineligible for drug RCTs, the potential for prevention and
suitable interventions should be further studied in this at-risk population.

The IWG-1 criteria have the potential to identify a prodromal AD population
with typical AD pathology, even though they require less extensive biomarker
evidence than the more recently proposed criteria. These less restrictive and
more pragmatic selection criteria could be preferred due to feasibility in certain
RCTs, for example in diverse settings where access to CSF or PET might be
limited. The criteria could also be used in multidomain RCTs, which may not
directly target any single or specific disease pathologies.

Altruistic reasons and personal benefits motivated older adults to participate in
a multidomain eHealth prevention RCT. Depending on culture, context (e.g.,
health care setting), and recruitment strategy, different aspects of the trial and
intervention could be emphasized to facilitate participant recruitment and
engagement (e.g., access to additional medical monitoring, the possibility to
receive information about dementia and prevention, or scientific impact).
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In a multidomain eHealth prevention RCT, the means of intervention delivery
(i.e., online instead of face-to-face) was not an important reason for participation.
Personal contact and real-life interaction, as well as sufficient support with the
online platform and devices are crucial for older adults’ engagement in an
eHealth intervention.

Knowledge of dementia and prevention was limited and superficial among the
participants of a multidomain prevention RCT, and there was little confidence in
the possibility to prevent dementia. Incorporating reliable, understandable, and
up-to-date information about dementia and prevention into the intervention
programs is important to facilitate engagement and adherence.

People with a family history of dementia or other first-hand experiences with
affected people were highly aware of and receptive to the topic of dementia and
prevention. Because of their high motivation towards prevention and RCT
participation, these individuals could represent an attractive target population
for certain prevention RCTs.
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8 FUTURE PERSPECTIVES

AD and dementia research is at a crossroads. While the clinical and biological
understanding of AD has improved over the years, the disappointing results of
pharmacological RCTs have revealed that not enough is known about the factors and
pathways driving the disease pathogenesis and progression. Recently, it has been
emphasized that in old age, AD and cognitive impairment are typically not only
characterized by amyloid or tau but various other pathologies as well (Boyle et al.,
2018, 2019). This challenges the current view of what truly characterizes AD and late-
life cognitive impairment. In future research, it is necessary to look beyond the
obvious and explore other factors and pathways, with the help of new emerging
technologies and methods such as proteomics, genomics, and metabolomics
(Badhwar et al., 2020; Johnson et al., 2020). Developing multifactorial disease models
could allow precise subtyping and characterization of individuals, much like in
cancer, such that individuals would no longer be assigned under the broad umbrella
term of “AD’ irrespective of their risk profile and characteristics. This could open the
door to tailored risk prediction and novel treatment and prevention strategies. In this
context, not only risk factors but also protective factors could be relevant. If
eliminating specific disease pathologies or risk factors does not lead to clinically
relevant benefits, increasing the resistance against these pathologies by enhancing
protective factors (or mimicking their effects with drugs) could be an attractive
strategy. Observational cohort studies with long follow-up periods offer
opportunities to study such factors (Barbera et al., 2020). For instance, it is of interest
to investigate what characterizes the oldest old individuals who show no cognitive
deterioration despite their high age.

The fact that late-life AD and dementia are heterogeneous conditions, and the
determinants of disease development and progression might be different in different
individuals, calls for personalized preventive strategies. The next generation of
prevention RCTs needs to consider that one size may not fit all, and differences in
target populations, their risk profiles, and individuals’ personal interests and
motivations have to be taken into account in the RCT and intervention design.
Importantly, different target populations (i.e., those at short-term vs. long-term risk
of cognitive decline) are likely to require different strategies for successful
prevention. To this aim, there is a need to bridge the gap between non-
pharmacological and pharmacological approaches. While there could still be a
window of opportunity for prevention in individuals with mild cognitive
impairment and pathological brain changes, simply targeting modifiable factors even
in a multidomain manner might not be enough. Rather, a multimodal strategy could
be warranted (e.g., a combination of disease-modifying drugs and a multidomain
non-pharmacological intervention) (Kivipelto et al., 2020).

With respect to the delivery of complex multidomain preventive interventions,
eHealth and mHealth tools will be highly relevant in the future, as older adults
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become increasingly familiar with technology and the Internet. It is likely that at least
certain components of many interventions will be offered in an online environment
or mobile app, and remote assessments and study visits are another plausible future
scenario. The current COVID-19 pandemic might speed up this transition, and
similar outbreaks will likely recur in the future (Editors of Alzheimer’s & Dementia,
2020). When appropriately designed in terms of both technical aspects and content,
Internet-based tools can be a powerful and cost-effective strategy —not just to test
interventions, but also to implement any successful preventive strategies and to
educate people about dementia and prevention. Even though it has been argued that
there may not be enough dementia-specific RCT evidence yet to support public
health campaigns about the role of lifestyle in prevention (National Academies of
Sciences, Engineering, and Medicine, 2017), the new Lancet Commission report
emphasizes the importance of being ambitious about prevention and encourages
people to take action (Livingston et al., 2020). Research is needed to obtain more
evidence, but recommendations should not wait. Moreover, several modifiable risk
factors are shared between dementia and other non-communicable diseases, and
their monitoring and management improves health as a whole. Increasing the public
awareness of dementia and the possible means to prevent or postpone it should,
therefore, remain one of the priorities in dementia research.

Methodological issues in RCTs have been highlighted as a key challenge when
evaluating the evidence on dementia prevention (National Academies of Sciences,
Engineering, and Medicine, 2017, World Health Organization, 2019). Drawing
definite conclusions can be difficult because of differences in study populations and
exposures (i.e., intervention content, intensity, and duration). Thus, it is essential to
improve and align the methodology, design, and conduct of future prevention RCTs.
Dementia is a rapidly increasing global challenge, and ideally, researchers
worldwide should collaborate and work together to develop preventive strategies.
To this aim, the WW-FINGERS global network of multidomain dementia prevention
was launched in 2017 (Kivipelto et al., 2020). This initiative enables the testing and
adaptation of FINGER-type preventive interventions in diverse settings and
populations. Importantly, to address and overcome many of the challenges in the
current prevention RCTs, a key aim of WW-FINGERS is to harmonize RCT
methodology and provide a platform for data sharing and pooling. Regardless of
their outcomes per se, the WW-FINGERS RCTs will generate urgently needed
knowledge about feasible and effective strategies to reduce the global burden of AD
and dementia.
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