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Dear Friends and Colleagues!

It is our sincere pleasure to welcome you to the 1st International 
Conference on Cognitive Reserve in the Dementias (ResDem) 
in Munich on 24-25 November 2017.

Research on protective factors in different dementias has 
received growing attention during the last years. A key finding 
was that higher levels of life experiences such as cognitive, 
social and physical activities are associated with a later onset and 
decreased risk of dementia. The brain mechanisms underlying 
these protective effects yet remain largely unknown, even 
though it is crucial to further understand these mechanisms so 
that this knowledge can be used to develop effective therapies 
and preventive strategies.

ResDem is the first conference entirely dedicated to reserve 
and its underlying mechanisms. Leading experts from different 
scientific areas, including imaging, genetics, intervention 
and preclinical research, will be brought together. Reserve 
mechanisms across different types of neurodegenerative 
diseases will be discussed. A data blitz will give young 
upcoming researchers an opportunity to present their results.

We cordially welcome you to an exciting meeting in the 
beautiful city of Munich. You reserve it!

Prof. Robert Perneczky Prof. Michael Ewers 
Chairperson Co-Chairperson
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 DAY 1  FRIDAY, 24TH NOVEMBER 2017

SCHEDULE
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16:05-16:10 Effects of lifespan cognitive and leisure engagement and APOE ε4+ on 
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Rebecca Ailish Atkinson, University of Sussex, United Kingdom
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16:15-16:20 High-dose spermidine supplementation to improve episodic memory in 
individuals with subjective cognitive decline: proof-of-concept study 
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Chair: Amos Korczyn, Tel Aviv University, Ramat Aviv, Israel

16.45-17.00 Pro: A new conceptual framework is required.  
Michael Ewers, Ludwig-Maximilians-University Munich, Germany
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 Closure Day 1
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Gael Chetelat, INSERM U1077, Caen, France

09.25-09.45 Physical activity over a decade and brain structural and functional changes 
Carl-Johann Boraxbekk, Umeå University, Sweden

09.45-10.05 Modulation of high cognitive reserve working memory networks using high 
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David Bartrés-Faz, University of Barcelona, Spain

10.05-10.25 Intellectual enrichment to protect against cognitive decline in multiple 
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Mara Rocca, INSPE Unit San Raffaele Hospital Milan, Italy

10.25-10.45 Multimodal interventions and dementia prevention 
Shireen Sindi, Karolinska Institute Stockholm, Sweden

10.50-11.00 Coffee break

SESSION 6:  BRAIN CORRELATES OF RESERVE 
Chair:  Arfan Ikram, Erasmus University Medical Centre Rotterdam, The Netherlands

11.00-11.20 Serotonin 5-HTTLPR modulates brain damage in frontotemporal dementia 
Enrico Premi, University of Brescia, Italy

11.20-11.40 Novel genetic loci underlying intracranial volume 
Arfan Ikram, Erasmus University Medical Centre Rotterdam, The Netherlands
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DAY 2 SATURDAY, 25TH NOVEMBER 2017
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SESSION 7:  EPIDEMIOLOGY OF RESERVE FACTORS 
Chair: Nikolaos Scarmeas, National and Kapodistrian University of Athens, Greece

13.45-14.05 Physical activity, APOE and amyloid in prodromal Alzheimer’s disease 
Catherine Robb, Imperial College London, United Kingdom

14.05-14.25 Protective factors associated with Parkinson’s disease 
John Hindle, Bangor University Wales, United Kingdom

14.25-14.45 Mediterranean diet, brain structure and Alzheimer’s dementia risk 
Nicolaos Scarmeas, Columbia University, New York, USA

14.45-15.05 Life course activity participation and cognitive ageing in the Lothianbirth 
cohorts 
John Starr, University of Edinburgh, Scotland

15.05-15.25 Bilingualism and age at onset of dementia 
Thomas Bak, University of Edinburgh, Scotland 

15.30-15.50 Closing words and poster awards

15.50-16.30 Farewell coffee 

 Conference closure

We would like to thank the VERUM Foundation (www.verum-foundation.de) 
for their kind support.
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 SESSION 1: FUNCTIONAL MECHANISM UNDERLYING RESERVE

Brain metabolic networks underlying cognitive reserve

Morbelli S.

University of Genoa, Italy

18F-fluorodeoxyglucose (FDG)-PET has historically demonstrated that Alzheimer’s Disease 
(AD) patients with higher education have since the early stages more severe and extended 
“posterior” AD-typical cortical hypometabolism with respect to poorly educated patients 
expressing the same level of cognitive symptoms. Given its unique capability to evaluate 
in vivo glucose consumption thus capturing synaptic function and dysfunction, FDG-PET 
can be used to run the so-called metabolic connectivity analysis. In fact by calculating 
correlation coefficients -or pattern of intercorrelations- between values of FDG uptake, it is 
possible to estimate the functional association between cerebral areas. In this framework, 
interregional correlations of metabolic glucose rates can be regarded in terms of “traffic 
(metabolic-functional connectivity) in the anatomical ‘roads’ present in the brain” which, 
by contrast, can be investigated by other neuroimaging methods (i.e. DTI). The talk will 
cover studies that have investigated metabolic networks underlying CR. In particular it 
was demonstrated that although AD-typical damage is more prominent in highly educated 
AD patients, these patients have a relatively higher metabolic levels with respect to poor-
ly educated patients in the right fronto-lateral dorsal cortex (DLFC). Thanks to metabolic 
connectivity studies it was demonstrated that DLFC is involved in a wide bilateral fron-
tal-limbic and temporal network in highly educated AD while it is basically only autocorre-
lated in poorly educated AD. Finally as this large bilateral fronto-temporal-limbic metabolic 
network was highlighted also in highly educated elderly controls in topographically over-
lapping but less extended cortical regions, it seems to correspond to both neural reserve 
and neural compensation mechanisms.

ABSTRACTS
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Left frontal lobe hub connectivity moderates impact of Alzheimer’s 
pathology on cognitive function

N. Franzmeier,1 E. Duezel,2 F. Jessen,3,4 T. Benzinger,5,6 J. Levin,7,8 A. Fagan,5,6,9 J. 
Morris,5,6,9 R. Bateman,5,6,9 M. Ewers1 
1Institute for Stroke and Dementia Research, Klinikum der Universität München, Ludwig-Maximilians-
Universität LMU, Feodor-Lynen Straße 17, 81377 Munich, Germany. 2German Center for Neurodegenerative 
Diseases (DZNE), Magdeburg, Germany. 3German Center for Neurodegenerative Diseases (DZNE), Bonn, 
Sigmund-Freud-Str. 27, 53127 Bonn, Germany. 4Department of Psychiatry, University of Cologne, Medical 
Faculty, Kerpener Strasse 62, 50924 Cologne, Germany. 5Department of Radiology, Washington University 
in St Louis, St Louis, Missouri, USA. 6Knight Alzheimer’s Disease Research Center, Washington University 
in St. Louis, St. Louis, MO, USA. 7German Center for Neurodegenerative Diseases (DZNE, Munich), Munich, 
Germany. 8Department of Neurology, Ludwig-Maximilians-Universität München, Munich, Germany. 9Hope 
Center for Neurological Disorders, Washington University in St. Louis, St. Louis, MO, USA.

Background: Alzheimer’s disease (AD) patients vary in their ability to sustain cognition 
while developing brain pathology. A major question is which brain differences support hig-
her reserve, i.e. relatively preserved cognition despite AD pathology. Higher fMRI-assessed 
global connectivity of a left frontal cortex (gLFC) hub is a core candidate underlying reser-
ve as it is associated with education (i.e. a protective factor associated with reserve) and 
attenuated cognitive impairment in prodromal AD. Here, we asked whether such higher 
gLFC-connectivity supports reserve within the course of AD, including the preclinical stage 
when cognitive decline is subtle. 

Methods: We obtained resting-state fMRI in 74 autosomal dominant AD (ADAD) cases 
and 55 non-carrier controls from the DIAN cohort. In addition, 75 amyloid-positive elderly 
subjects plus 41 amyloid-negative normal controls from the German DELCODE study were 
included. Subject-specific gLFC-connectivity was obtained by seed-based resting-state 
connectivity analysis, with ´LFC as the seed. As a proxy of disease severity, we used estima-
ted years from symptom onset (EYO) in ADAD and cerebrospinal-fluid tau (CSF-Tau) levels 
in sporadic AD. Using linear mixed models, we tested the interaction effect (gLFC-connec-
tivity x disease severity) on global cognition (MMSE) and episodic memory (delayed recall). 

Results: For ADAD, a significant gLFC-connectivity x EYO interaction was found, indicating 
an alleviated effect of EYO on delayed recall (p=0.012) and MMSE (p=0.008) with EYO at 
higher levels of gLFC-connectivity. Similarly, in sporadic AD, effects of CSF-tau on delayed 
recall (p=0.011) and MMSE (p=0.002) were attenuated at higher gLFC-connectivity levels. 
gLFC-connectivity was not correlated with AD severity. Polynomial regression analysis sho-
wed that relative to AD-biomarker trajectories, cognitive decline was shifted towards later 
AD stage in subjects with high gLFC-connectivity.

Conclusion: Our findings suggest that higher resilience against the development of cogni-
tive impairment throughout AD is at least partially attributable to higher gLFC-hub connec-
tivity.
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Functional connectivity analyses within the context of an attentional 
control task suggests higher efficiency of the bilingual brain

Berroir P.1,  Adrover-Roig D.2, Dash T.3, Ghazi-Saidi L.4, Ansaldo A.I.3

1University of Montreal, Biomedical Engineering, Montreal, Canada, 2Universitat de les Illes Balears, 
Psychology, Islas Baleares, Spain, 3University of Montreal, Centre de recherche Institut universitaire de 
geriatrie, Montreal, Canada, 4University of Nebraska at Kearny, Clinic Lou Ruvo Center for Brain Health, 
Kearny, United States

The role of bilingualism in cognitive reserve building has great raised interest in the last 
decades. Mixed evidence has resulted from studies which in most cases adopted either a 
behavioral perspective or a neuroimaging perspective.

Previous work by our team used a combined behavioral-fMRI paradigm to study inter-
ference control in elderly bilinguals  and monolinguals, in the context of the Simon task 
(Ansaldo et al. 2015) This work showed that equivalent behavioral performance on the 
Simon task was supported by different underlying activation patterns in bilinguals and 
monolinguals. Specifically, monolinguals recruited the right inferior frontal lobe known 
for its role in executive control, whereas bilinguals recruited the left inferior parietal lobe, 
a visuo-spatial processing area. In our recent work, we adopted a whole brain analyses 
network perspective, striving to provide a more in-depth-interpretation of the Simon task 
data. A node-by-node Small World approach revealed distinct network topologies across 
the bilingual and monolingual groups, as well as differences in the degree of connectivity 
between each node, across groups. Specifically, bilinguals showed greater connectivity 
in the inferior temporal sulcus, an area that plays a role in visuo-spatial processing. Mo-
nolinguals recruited a complex network including visual, motor,  executive function and 
interference control processing areas, all of which   showed equivalent inter-connectivity in 
the context of the Simon Task. Thus, a comparison of task-related functional connectivity 
suggests that by reference to the monolingual brain, the bilingual brain controls interferen-
ce more  economically,  by allocating fewer and more specific to the task brain resources. 
These results demonstrate a larger    global efficiency in interference control in bilinguals, 
as compared to monolinguals (Berroir et al. 2016). Moreover, given   that the task used was 
not a language task but a visuo-spatial task, this evidence filters out the language-specific 
advantage discussed in the literature. In sum, the bilingual brain appears as strategically 
more efficient, consuming less resources while achieving optimal performance. This work 
provides some cues regarding the potential mechanisms underlying reserve building in the 
context of bilingualism, and potentially in the case of other life trajectory features, to be 
explored in future works.
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Hyperactivation: Friend or foe in dementia?

Huijbers W.

Tilburg University, The Netherlands

Background: Animal studies demonstrate that hyperactive neurons facilitate early accumu-
lation and spread of amyloid-β and tau proteins in the pathological cascade of Alzheimer’s 
disease (AD). Human neuroimaging studies, using functional magnetic resonance imaging 
(fMRI), have linked aberrant fMRI activity in the hippocampus to ApoE4 status prior to 
emergence of clinical symptoms and progression from prodromal AD to clinical dementia. 
Yet, the relationship between hippocampal hyperactivity and early AD pathology, specifi-
cally the accumulation of amyloid-β and tau proteins, prior to emergence of clinical symp-
toms, remains to be elucidated.

Methods: In the Harvard Aging Brain Study, we studied clinically normal older adults by 
measuring fMRI activity during an associative memory encoding task and amyloid-β ac-
cumulation with PiB-PET imaging. We also measured tau accumulation using flortaucapir 
PET imaging in a large subset of participants. Amyloid was quantified using an aggregate 
of neocortical regions and tau was quantified using regions of interesting in the entorhinal 
cortex and inferior temporal neocortex.

Results: In the full sample, neocortical amyloid-β accumulation was not associated with 
fMRI activity in the hippocampus. In the subset with tau, we found a relation between 
increased hippocampal activity and tau, but not again not amyloid. Interestingly, we also 
found an interaction between hippocampal activity and ApoE4 status, such that ApoE4+ 
adults showed greater hyperactivity with more tau. 

Conclusions: Increased hippocampal fMRI activity in clinically normal older individuals du-
ring successful memory encoding is more closely related to tau than amyloid accumulation. 
The specific association with inferior temporal tau support hypothetical models of the evo-
lution of preclinical AD. These models place the pathogenesis of hippocampal hyperactivity 
concurrent with spread of tau pathology to neocortical regions prior to clinical impairment. 

Critical importance of network hubs in dementia

Crossley N.

Department of Psychiatry, Pontifical Catholic University of Chile. Department of Psychosis Studies, King’s 
College London UK. 

Previous imaging studies have shown the advantages of studying the brain as a complex 
network of interacting groups of regions. In this talk I will focus on the role of the most 
connected regions or hubs of the brain network, and their potential role in neurodegenera-
tive disorders. Results from theoretical studies in network behavior highlight hubs as criti-
cal points in the network functioning. We have previously shown that this is also the case 
for the brain, with hubs concentrating most structural abnormalities across several disor-
ders, including neurodegenerative diseases. Hubs might also organize themselves within a 
rich-club configuration, with high levels of interconnectivity between themselves, and that 
might also have implications for the network functioning (and its dysfunction). I will finally 
discuss the possibly processes that lead to hub dysfunction in neurodegenerative disorders.
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 SESSION 2: PRECLINICAL RESEARCH AND SMALL ANIMAL STUDIES

Adult hippocampal neurogenesis and the neurogenic reserve

Kempermann G.

German Center for Neurodegenerative Diseases, Dresden and Technische Universität Dresden, CRTD — 
DFG Research Center for Regenerative Therapies Dresden

The mammalian dentate gyrus is unique among brain structures in the adult in that it ge-
nerates new neurons lifelong. This adult neurogenesis is regulated by behavioral activity 
and presumably optimizes the hippocampal network for the level of novelty and complexity 
frequently encountered by the individual. The new neurons help to avoid catastrophic in-
terference and allow the flexible integration of new information into old contexts. This fun-
ctionality together with the activity-dependent regulation has two important consequences: 
1. Adult hippocampal neurogenesis is cumulative and results in a maintained potential for 
plasticity in the future (“the neurogenic reserve”), and (2) adult neurogenesis contributes 
to the individualization of the brain. Both conclusions have implications for concepts such 
as “successful aging” and lifestyle-dependent resilience to neurodegeneration. 

Long-term environmental enrichment and hippocampal plasticity

Wirths O.

Dept. of Psychiatry, University Medical Center Göttingen

There is ample evidence that physical activity exerts positive effects on a variety of brain 
functions by facilitating neuroprotective processes and influencing neuroplasticity. Accor-
dingly, numerous studies have shown that continuous exercise can successfully diminish 
or prevent the pathology of neurodegenerative diseases such as Alzheimer’s disease (AD) 
in transgenic mouse models. We recently performed a comparative analysis of long-term 
effects of physical activity on brain health of aging wildtype mice, as well as mouse mo-
dels representing either the sporadic or familial variant of AD. While prolonged physical 
and cognitive stimulation, mediated by an enriched environment (EE) paradigm results in 
improved spatial reference memory in WT and Tg4-42 mice, only very limited effects were 
detected in the 5XFAD model representing familial AD. Long-term voluntary exercise dimi-
nishes CA1 neuron loss and completely rescues spatial memory deficits in different expe-
rimental settings in Tg4-42 model. Whole-brain deep sequencing transcriptome analysis, 
revealed an up-regulation of a variety of chaperones involved in endoplasmatic reticulum 
protein processing, which might be intimately linked to the beneficial effects seen upon 
long-term exercise. The present findings corroborate the impact of continuous physical 
activity as a potential prospective route in the prevention of age-related cognitive decline 
and neurodegenerative disorders.
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 SESSION 3. DATA BLITZ: EARLY-STAGE RESEARCHERS - BLUE SKY

Tau pathology and cognitive reserve in Alzheimer´s disease

Hönig M.1, Bischof G.1,2, Hammes J.1, Faber J.3,4, Fließbach K.3,5, van Eimeren T.1,2,3, 
Drzezga A.1,3

1University Hospital Cologne, Department of Nuclear Medicine, Cologne, Germany, 2Research Center Jülich, 
Cognitive Neuroscience, Institute for Neuroscience and Medicine III, Jülich, Germany, 3German Center for 
Neurodegenerative Diseases (DZNE), Bonn, Germany, 4University Hospital Bonn, Department of Neurology, 
Bonn, Germany, 5University Hospital Bonn, Department of Psychiatry and Psychotherapy, Bonn, Germany

Background: PET studies have demonstrated that higher educated patients with Alzhei-
mer‘s disease (AD) display greater levels of beta amyloid pathology than lower educa-
ted patients with equal symptom severity, supporting the concept of cognitive reserve. 
Whether similar associations exist for in vivo tau pathology remains elusive, although clo-
ser relations between tau-deposition and cognitive decline have been reported. Therefore, 
this study examined differences in tau pathology load and spread in higher versus lower 
educated AD patients using [18F]AV-1451-PET imaging. 

Methods: 24 patients with typical AD were grouped into a higher (HEAD) and lower educa-
ted (LEAD) group. The two groups were matched for age and cognition measured by the 
Mini Mental State Examination. Additionally, a group of 14 age-matched healthy controls 
was included. [18F]AV-1451-PET scans were acquired to assess cerebral tau-burden. Re-
gional tau ratios (reference region: cerebellum) were determined in a set of regions of 
interest (ROIs) which were defined according to the pathological disease stages by Braak 
& Braak. The obtained tau ratios were then compared between the groups. Furthermore, 
whole brain voxel-wise comparisons were conducted using Statistical Parametric Mapping 
to determine differences in tau-distribution between each AD-group and the healthy cont-
rols, respectively, as well as between the two AD-groups. 

Results: The ROI analysis yielded tau pathology in regions corresponding to more ad-
vanced Braak stages exclusively in the HEAD group, whereas tau pathology in the LEAD 
group was still confined to lower Braak stages. These results were confirmed by voxel-wise 
comparisons revealing higher tau levels in dorsomedial fronto-parietal cortical areas in the 
HEAD group when compared to the LEAD group. 

Conclusion: Highly educated AD patients seem to be able to tolerate more tau tangle pa-
thology than lower educated patients with comparable cognitive impairment in support of 
the cognitive reserve hypothesis. These cognitive reserve-related differences in disease 
manifestation have crucial implications for early detection of AD, prognosis and assess-
ment of disease progression and the monitoring of drug treatments.
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Hippocampal resting state functional connectivity at 7 Tesla and its 
association with episodic memory and Alzheimer‘s disease related 
CSF biomarkers

Köbe T.1, Arbab-Zadeh P.1, Wang H.1, Fillmer A.2, Schubert F.2, Aydin S.2, Flöel A.3

1Charité - University Medicine, Neurology, Berlin, Germany, 2Physikalisch-Technische Bundesanstalt Berlin, 
Berlin, Germany, 3University Medicine Greifswald, Greifswald, Germany

Recently, it has been proposed that brain functional connectivity might contribute to brain 
reserve capacity in the presence of Alzheimer´s disease (AD) pathology (Teipel et al., 2016). 
Here, we aimed to investigate how the association between AD pathology and cognitive 
function is mediated by hippocampal resting-state functional connectivity (RSFC), using 7T 
magnetic resonance imaging (MRI).

This cross-sectional preliminary analysis was performed within the NeuroMet study, car-
ried out within the framework of the EURAMET funded European metrology program for 
innovation and research. Data on memory performance and RSFC of the hippocampus of 
24 participants with and without cognitive impairment were available at the time of abstract 
submission. For assessment, we used the German version of the Rey Auditory Verbal Lear-
ning Test and a hippocampus seed-based functional connectivity approach. Resting-state 
fMRI data were acquired at a 7T whole body MRI scanner using a multiband echo-planar 
imaging sequence. Learning and memory scores were voxel-wise correlated with the fun-
ctional connectivity between the hippocampus and whole brain gray matter, controlled 
for age, gender and education. Therefore, the Functional Connectivity Toolbox CONN of 
SPM12 was used and a two-sided voxel-wise threshold of p< 0.001 uncorrected and a clus-
ter-level threshold of p< 0.05 corrected for the false discovery rate was applied. Levels of 
amyloid ß (Aß) and tau were determined in cerebral spinal fluid of eight individuals with co-
gnitive impairment and was correlated with learning and memory scores and hippocampal 
RSFC. Statistical analyses were performed using SPSS 23.0 (PASW, SPSS; IBM, Armonk, 
NY). Levels of significance were set at p < 0.05.

After correction for age, gender and education, learning ability was significantly associated 
with higher RSFC between right hippocampus and superior lateral occipital cortex (peak 
T-value: 6.08; Cluster size: 255 voxels) and between left hippocampus and precuneus (peak 
T-value: 6.82, Cluster size: 142 voxels). Levels of total tau and phosphorylated tau, but not 
Aβ (Aβ40, Aβ42 and Aβ ratio), were negatively correlated with learning ability and RSFC 
between the hippocampus and the significant clusters. Simple mediation analyses indica-
ted a moderate impact of hippocampal RSFC on the negative association between tau levels 
and learning ability, which did not reach significance though. 

These preliminary results indicate that RSFC of the hippocampus plays an important role in 
buffering the negative effect of tau-, but not Aß-pathology, on learning ability with regard 
to AD. A better insight into the functional organization of brain circuits will help to further 
understand the mechanisms underlying brain reserve in neurodegenerative disease, pos-
sibly providing promising targets for prevention and intervention strategies. The present 
analyses will be repeated with a larger sample size (n = 90) at the end of recruitment of the 
NeuroMet study.
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Effects of lifespan cognitive and leisure engagement and APOE ε4+ on 
mid-life cognitive functioning

Atkinson R.Á.1, Gaysina D.1, Rusted J.1

1University of Sussex, Department of Psychology, Brighton, United Kingdom

Background: Apolipoprotein ε4 (APOE ε4+) is the major genetic risk factor for late-onset 
Alzheimer‘s disease, and is associated with poorer healthy cognitive ageing. Research sug-
gests that life-long intellectual and leisure activity engagement may be related to better 
cognitive ageing in the absence of dementia, yet previous studies have reported inconsis-
tent interactions between cognitive and leisure engagement and APOE genotype. Here we 
used prospective longitudinal data to examine the associations between APOE genotype 
and cognitive and leisure engagement measured throughout the lifetime, and their impact 
on mid-life cognitive functioning.

Methods: We used data from 5 waves of the 1958 British Birth Cohort (the National Child 
Development Study). Cognitively-normal cohort members reported their leisure activities 
and cognitive engagement during childhood, adolescence, young adulthood, and mid-life. 
Additionally they provided overall years of education. At age 50, participants completed im-
mediate and delayed memory, category fluency, and letter cancellation tasks. Formal cogni-
tive assessments were also completed throughout school years. We used structural equati-
on modelling with cognitive and leisure activity engagement latent variables to evaluate the 
associations between early- and mid-life cognitive and leisure engagement and cognitive 
functioning at age 50, controlling for early-life cognitive performance and socioeconomic 
status. This model was fitted for multiple groups stratified by APOE genotype, to compare 
ε4+ carriers (n=217) with the population norm (ε33 carriers) (n=533). 

Results: Paths between lifespan cognitive and leisure activities and mid-life cognitive fun-
ctioning were statistically significant, including the path between years of education and 
delayed memory performance, and the path between current cognitive & leisure activity 
engagement and immediate memory performance (p< .05). APOE genotype modified path 
associations differently for the two groups. In particular, childhood cognitive & leisure acti-
vity engagement was associated with memory performance at mid-life, but only among ε4+ 
carriers (p< .05). Relationships were altered by the addition of SES measures. 

Conclusions: APOE ε4 association with poorer cognitive ageing appears to interact with 
early- and mid-life cognitive and leisure engagement to differentially predict mid-life cog-
nitive outcomes. The pattern of results is suggestive of accelerated or premature cognitive 
ageing, even in the absence of pathology. The role of specific cognitive modalities is discus-
sed, as is the impact of socioeconomic status on these relationships. 
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Do leisure activities and rest-activity rhythm explain executive 
performance in aging? 

Collette F.1,2, Lesoinne A.1, Gilsoul J.1,2, Simon J.1,2

1Liège University, GIGA-CRC In vivo imaging, Liège, Belgium, 2Liège University, PsyNCog, Liège, Belgium

There exists a large inter-individual variability regarding the effects of aging on cognition. 
Sleep-wake rhythms and cognitive reserve may contribute to explain why some people 
appear to be more resistant to the effects of aging than others. Particularly, individuals who 
have developed a high level of reserve resist better to the effects of aging than individuals 
with lower cognitive reserve. Conversely, a decrease of day-to-day stability of sleep-wake 
rhythms and an increase of sleep fragmentation may contribute to potentiate the effects of 
aging. In this study, we describe the impact of cognitive reserve and rest-activity rhythm 
on executive functions in normal aging. One hundred and sixty five healthy participants 
aged from 59 to 81 years were recruited. We assessed the three major executive functions: 
Inhibition (Stroop test, Hayling test, TAP Incompatibility subtest), Shifting (TAP Flexibility 
subtest, Plus-Minus task), and Updating (Letter-Number Sequencing subtest from MEM 
III, Letter memory task, 2-back task). Cognitive reserve was measured by questionnaires 
assessing leisure activities across the lifespan. Actigraphy was used to measure parameters 
of sleep-wake cycle (24-h fragmentation and 24-h stability) over a minimal period of 12 
days. In a first model, multiple linear regressions (p< 0.05) adjusted for age, Mattis score 
and processing speed showed that education did not explained executive performance. 
Conversely, current practice of at least one social leisure activity has a positive impact on 
flexibility and a minimum of 3 intellectual activities or a minimum of two social activities 
regularly performed are necessary to have a positive impact on updating. In a second mo-
del adjusted for age, Mattis score and processing speed and formal education, we did not 
observed a significant effect of day-to-day stability and sleep fragmentation on executive 
functioning. These results suggest that the cognitive reserve is related to abilities in some 
executive tests while rest-activity rhythm does not seem to explain the inter-individual va-
riability of executive performance.
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High-dose spermidine supplementation to improve episodic memory 
in individuals with subjective cognitive decline: proof-of-concept 
study

Wirth M.1,2, Schwarz C.1, Benson G.1, Köbe T.1, Stekovic S.3,4, Madeo F.3,4, Agnes F.5

1Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität 
zu Berlin, and Berlin Institute of Health, NeuroCure Clinical Research Center, Department of Neurology, 
Berlin, Germany, 2Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 
Humboldt-Universität zu Berlin, and Berlin Institute of Health, Center for Stroke Research Berlin, Berlin, 
Germany, 3University of Graz, Institute of Molecular Biosciences, NAWI Graz, Graz, Austria, 4BioTechMed 
Graz, Graz, Austria, 5University Medicine Greifswald, Department of Neurology, Greifswald, Germany

Background: Dietary lifestyle choices including caloric restriction may retard brain and co-
gnitive aging. Novel candidate substances that mimic such effects are natural polyamines, 
particularly spermidine. In model organisms, spermidine-rich diet can prevent age-rela-
ted memory impairment, most likely via autophagy-based neuroprotection. This first pro-
of-of-concept human trial evaluated impacts of high-dose spermidine supplementation on 
episodic memory along with safety/tolerability in individuals at increased risk for Alzhei-
mer‘s disease.

Methods: Healthy older participants with subjective cognitive decline and self-repor-
ted concerns (n = 30, mean age: 70 ± 5 years, 2 drop-outs) were recruited to conduct a 
3-months randomized, placebo-controlled, double-blind trial. Episodic memory was asses-
sed using a behavioral paradigm designed to tackle the hippocampal formation. Safety/
tolerability parameters were evaluated together with adverse events recordings. Outcomes 
were compared between intervention groups (polyamine and placebo) at the end of inter-
vention, co-varying for baseline levels.

Results: Greater improvement of episodic memory was observed after spermidine compa-
red to placebo intervention with a medium effects size and statistical trend (Cohen´s d = 
0.517, p = 0.189). Memory performance was significantly increased in the spermidine-tre-
ated (Cohen´s d = 0.471, p = 0.040) and not in the placebo-treated (Cohen´s d = 0.246, p = 
0.575) group. Safety/tolerability outcomes of physical condition, hematology, and self-re-
ported health were comparable between groups at the end of intervention. Frequency and 
intensity of serious adverse events was low in both groups (n = 1, respectively) and unre-
lated to treatment. 

Discussion: High-dose spermidine supplementation may induce positive effects on episo-
dic memory performance in older individuals, paralleled by favorable safety and tolerability 
profiles. This finding allows for longer-term intervention studies in humans to investigate 
impacts of oral polyamine intake on brain and cognitive health. The plant-derived dietary 
supplement could perhaps increase cognitive and brain reserve mechanisms in older indi-
viduals at risk for Alzheimer‘s disease.
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Cognitive reserve and hippocampal diffusivity in cognitively healthy 
elderly people and MCI patients

Henf J.1,2, Brueggen K.2, Teipel S.1,2, for the Alzheimer‘s Disease Neuroimaging Initiative
1University Medicine Rostock, Rostock, Germany, 2German Center for Neurodegenerative Diseases (DZNE), 
Rostock, Germany

Introduction: A high Cognitive Reserve (CR) decreases the risk for dementia. CR is typical-
ly measured by proxies such as years of education, occupation status or intelligence. A dif-
fusion-tensor-imaging (DTI) study found that education mediated changes in hippocampal 
mean diffusivity (MD) in middle-aged healthy adults, suggesting a neuroprotective effect 
of education on hippocampal microstructural integrity in healthy people. Contrary to this, 
in people with Alzheimer‘s disease (AD) pathology, a compensatory effect of CR has been 
revealed. Therefore, to further investigate the neuroprotective effect of CR on hippocampal 
MD, the association with neocortical Amyloid-β (Aβ) burden should be taken into account. 
The present study aimed at investigating the association between a comprehensive CR pro-
xy and hippocampal microstructural integrity in healthy elderly people and subjects with 
late mild cognitive impairment (LMCI) with and without neocortical amyloid burden. We 
expected a negative correlation of CR and hippocampal MD in participants with a low Aβ 
burden, corroborating a neuroprotective effect of CR in healthy elders. In participants with 
high Aβ burden, we assumed this relationship to be reversed, suggesting a compensatory 
effect of CR in the presence of AD pathology.

Methods: We included 53 healthy subjects from the Alzheimer‘s disease Neuroimaging 
Initiative (ADNI) in the analysis, of which 16 were classified as Amyloid positive. Further, 
we included 42 LMCI subjects, of which 30 were classified as Amyloid positive. As a proxy 
for CR, we used a composite score including years of education, last occupation, and the 
American National Adult Reading Test. The CR score was entered in linear models as a 
predictor for hippocampal MD, including age, gender and a composite score of memory 
function as covariates. 

Results/Discussion: In healthy participants with a high Aβ burden, we found a negative 
relationship between the CR score and MD of the left hippocampus. No significant associa-
tion was found in participants with low Aβ burden. Contrary to our hypothesis, the negative 
relationship between CR and neuropathology in our sample rather supports the neuropro-
tective effect of CR in healthy participants with an emerging AD pathology. Results for the 
LMCI sample will be presented at the conference. 
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Validation of a German version of the Lifetime of Experiences 
Questionnaire (LEQ) as a measurement of cognitive reserve - results of 
the DELCODE study

Roeske S.1, Wolfsgruber S.1,2, Kleinadam L.1,2, Zulka L.2, Buerger K.3,4, Düzel E.5,6, Jessen 
F.1,7, Laske C.8,9, Nestor P.5, Peters O.10,11, Priller J.10,11, Schneider A.1,12, Spottke A.1,13, Teipel 
S.14,15, Wiltfang J.16,17, Kalbe E.18, Wagner M.1,2, DELCODE Study Group
1German Center for Neurodegenerative Diseases (DZNE, Bonn), Bonn, Germany, 2University 
Hospital of Bonn, Department of Psychiatry and Psychotherapy, Bonn, Germany, 3German Center for 
Neurodegenerative Diseases (DZNE, Munich), Munich, Germany, 4Klinikum der Universität München, 
Institute for Stroke and Dementia Research, Munich, Germany, 5German Center for Neurodegenerative 
Diseases (DZNE, Magdeburg), Magdeburg, Germany, 6Institute of Cognitive Neurology and Dementia 
Research (IKND), Magdeburg, Germany, 7University of Cologne, Medical Faculty, Department of Psychiatry, 
Cologne, Germany, 8German Center for Neurodegenerative Diseases (DZNE, Tübingen), Tübingen, 
Germany, 9Hertie Institute for Clinical Brain Research and Department of Psychiatry and Psychotherapy, 
University of Tübingen, Section for Dementia Research, Tübingen, Germany, 10German Center for 
Neurodegenerative Diseases (DZNE, Berlin), Berlin, Germany, 11Charité - Universitätsmedizin Berlin, 
Department of Psychiatry and Psychotherapy, Berlin, Germany, 12University of Bonn, Department of 
Neurodegeneration and Geriatric Psychiatry, Bonn, Germany, 13University Hospital of Bonn, Department of 
Neurology, Bonn, Germany, 14German Center for Neurodegenerative Diseases (DZNE, Rostock), Rostock, 
Germany, 15Rostock University Medical Center, Department of Psychosomatic Medicine, Rostock, Germany, 
16German Center for Neurodegenerative Diseases (DZNE, Göttingen), Göttingen, Germany, 17University 
Medical Center Göttingen, Department of Psychiatry and Psychotherapy, Göttingen, Germany, 18University 
Hospital Cologne, Department of Medical Psychology: Neuropsychology and Gender Studies & Center for 
Neuropsychological Diagnostics and Intervention (CeNDI), Cologne, Germany

The construct of cognitive reserve (CR) is an explanation of how neurodegenerative chan-
ges differ inter-individually in their impact on cognitive decline. As important components 
of CR, intelligence, educational and occupational attainment and lifestyle activities are con-
sidered. The Lifetime of Experiences Questionnaire (LEQ) has been established as a valid 
instrument for the assessment of complex mental activity across the lifespan. As there is 
currently no German version available, we adapted the Australian version for research in 
German speaking countries (LEQ-D) and examined its validity in the “DZNE longitudinal 
cognitive impairment and dementia study” (DELCODE).

Data from 394 subjects were analyzed (n=141 healthy controls, n=126 with Subjective Co-
gnitive Decline, n=65 with Mild Cognitive Impairment, n=40 mild Alzheimer´s disease (AD) 
patients, n=22 first degree relatives of AD patients; mean age =70.4 (SD=5.8), 47.2% male). 
Construct validity was examined by correlation of the total score and its lifetime specific 
sub-scores with level of formal education, vocabulary and other reserve parameters ob-
tained from detailed assessment of occupational history: cognitive and motivational reserve 
index, Occupational Cognitive Requirements Score (OCRS).

In a subsample (n=140) with CSF biomarker data available, we employed hierarchical re-
gression analyses to test whether the LEQ-D total score and/or its lifetime specific sub-sco-
res moderate the relationship between AD typical CSF pathology (Abeta42/Tau ratio) and 
cognitive performance via confirmatory factor analysis.

The LEQ-D total score showed positive moderate (r=0.40-0.55) correlations to years of 
education and occupational parameters and a lower correlation (r=0.28) to crystallized in-
telligence. Middle adulthood LEQ score was correlated highest (r=0.55-0.65) to the occu-
pational reserve parameters, followed by the young adulthood (r=0.4-0.5) subscore, while 
the late adulthood score only showed a small correlation (r=0.25-0.3) to these parameters.
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Only the late life LEQ sub-score (contemporaneous complex mental activity), moderated 
the influence of AD-typical CSF pathology on cognitive performance such that the influence 
was less pronounced for participants with higher late life LEQ sub-scores in the domains 
of executive functioning (p=0.03) and verbal and working memory (both p=0.05). Similar 
results were observed for the OCRS score in executive functioning and verbal memory (p< 
0.05).

Overall, results of the present study speak to the validity of the LEQ-D as a measure of life-
span complex mental activity and further suggest that especially late life mental activity is 
a protective factor against the deleterious effects of AD pathology on cognition. However, 
such protective effects were also observed for higher OCRS scores. This may suggest that 
operationalization of cognitive reserve obtained during mid-life may require a more de-
tailed assessment of complex occupational mental activity. 

Virtual reality neurofeedback paradigm for the assessment of 
hippocampal hyperactivity and cognitive reserve

Skouras S.1, Salvadó G.2, Anderson P.3, Falcon C.2, Koush Y.4, Torner J.5, Alpiste F.5, Gispert 
J.2, Molinuevo J.L.2

1Pompeu Fabra University / Pasqual Maragall Foundation, Barcelonabeta Brain Research Center, Barcelona, 
Spain, 2Barcelonabeta Brain Research Center, Barcelona, Spain, 3Stockholm University, SUBIC, Stockholm, 
Sweden, 4Yale University, Department of Radiology and Biomedical Imaging, New Haven, United States, 
5Polytechnic University of Catalonia, School of Engineering, Barcelona, Spain

Background: Capacity and efficiency have been proposed as components of neural reserve, 
itself a subcomponent of cognitive reserve. Hippocampal hyperactivity is a signature of 
MCI due to Alzheimer‘s disease (AD). Hyperactivity can be considered to reflect the extent 
of neural capacity that is already expended. Additionally, memory performance correla-
tes with neurofeedback down-regulation of the parahippocampal formation. We propose a 
neurofeedback performance metric to assess hippocampal hyperactivity and investigate its 
relation to cognitive reserve.

Methods: Sixteen participants of a pilot study attended a virtual reality neurofeedback task 
that was designed to promote hippocampal down-regulation. 610 whole-brain real-time 
fMRI volumes were acquired at 3T with TR=3000ms. The hippocampal subfield CA1 of 
each participant had been identified using multi-atlas segmentation. Pearson‘s r between 
the mean CA1 activity of each participant and an optimal performance regressor that spe-
cified linearly decreasing activity, served as a metric of neurofeedback performance. Cog-
nitive reserve was estimated using a previously validated questionnaire comprising of 10 
questions addressing various intellectual influences. Subjects also underwent amyloid beta 
PET imaging and were classified into three groups: low, intermediate and high amyloid 
deposition. Cognitive reserve, age and neurofeedback performance were normalized. GLM 
was used to obtain the residual cognitive reserve (after the effects of age and sex) and to 
assess the correlation between residual cognitive reserve and neurofeedback performance. 
Bland-Altman plotting was used to assess the agreement between cognitive reserve and 
neurofeedback performance. The relation of the agreement to amyloid deposition was as-
sessed via parametric tests.

Results: Neurofeedback performance correlated with residual cognitive reserve only mo-
derately across the pilot sample (r = 0.449, p = 0.081) but significantly when excluding the 
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seven amyloid negative subjects (r=0.757, p=0.018). Bland-Altman plotting suggested that 
only two amyloid-negative subjects were outside of the 95% limits of agreement. Regressi-
on between the agreement and PET centiloids (r=-0.063, p= 0.871) and a t-test comparing 
the agreement between amyloid positive subjects and the rest of the sample (t(14)=-0.551, 
p=0.591) suggested that amyloid deposition had no linear influence on the relation bet-
ween neurofeedback performance and cognitive reserve. 

Conclusions: Although current sample size does not allow for reliable statistical inferen-
ce, preliminary results suggest that the designed neurofeedback performance metric of 
hippocampal hyperactivity may serve as a proxy of cognitive reserve in subjects at the 
beginning of the AD pathophysiological continuum. Data acquisition, for more than forty 
volunteers is expected to complete in October 2017 and further analyses have been imple-
mented with the aim of presenting more conclusive results at ResDem2017. 

Neural basis of cognitive reserve: Role of education and bilingualism

Mekala S.1, Alladi S.2, Kenchaih R.2, Yarada S.J.3, Kashyap V.3, Surampudi B.4, Hornberger 
M.5, Kaul S.3, Tata Longitudinal Study of Cognitive Ageing
1Nizam‘s Institute of Medical Sciences, Neurology, Hyderabad, India, 2National Institute of Mental Health 
and Neurosciences (NIMHANS), Bengaluru, India, 3Nizam‘s Institute of Medical Sciences, Hyderabad, 
India, 4Hyderabad Central University, Hyderabad, India, 5University of East Anglia, Norwich, United 
Kingdom

Background: Education and more recently bilingualism are implicated as protective factors 
for dementia. There is a need to identify potential neural mechanisms that may under-
lie these effects. The aim of this study was to evaluate cognitive and neural correlates of 
education and bilingualism in a cohort of elderly people with variable levels of education 
and language use in the sociodemographically heterogeneous setting of India. 

Methods: 72 community participants with no cognitive impairment and 35 subjects with 
dementia formed the study cohort. Subjects were participants of the Tata Longitudinal 
study of Cognitive ageing based in Hyderabad, India. Subjects underwent detailed clinical 
and cognitive evaluation. MRI brain scanning with MPRAGE sequence and diffusion tensor 
sequence was performed. FSL software was used for evaluation of cerebral white matter 
integrity: fractional anisotropy (FA), radial diffusivity (RD), and mean diffusivity (MD). 

Results: Literates both with normal cognition and with dementia were associated with a 
better performance on domains of attention, working memory, semantic and episodic me-
mory compared to illiterates, and bilinguals were associated with better performance on 
attention, working memory, executive and visuospatial functions compared to monolingu-
als. Whole-brain voxel-wise comparisons demonstrated decrease in MD and RD in literates 
compared to illiterates with normal cognition and dementia. Increased FA was observed in 
literates with normal cognition. Bilinguals with dementia were associated with increase in 
MD and RD compared to monolinguals 

Conclusions: Acquisition of literacy appears to be associated with higher cognitive functio-
ning and a profile (increased FA, decreased MD and RD) suggestive of better white matter 
microstructural integrity. Bilinguals with dementia had poor white matter integrity com-
pared to monolinguals. Results indicate that plasticity of white matter microstructure may 
underlie development of cognitive reserve against dementia. Wide spread changes noted 
suggest synchronous operation of brain in relation to literacy and bilingualism.
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Development and predictive validation of a composite score of 
cognitive reserve in the Cardiovascular Health Study 

Geary U.1, Udeh-Momoh C.1, Evans S.1, Wong M.M.1, McRae-McKee K.1, Anderson R.1

1Imperial College London, London, United Kingdom

Background: Cognitive reserve (CR) is hypothesized modifier of the relationship between 
Alzheimer‘s disease (AD) pathology and the clinical diagnosis of disease, making CR an 
important factor to take into account in the design of pharmacotherapeutic clinical trials 
in AD.

A key obstacle for assessing CR is the lack of a validated, robust measurement tool. The 
major challenge to measuring CR is that, as a hypothetical construct, it cannot be measured 
directly. Latent variable models are a suitable method for measuring CR. However, very few 
studies have developed such models, and even fewer have developed theoretically robust 
models. 

Aims: 

•  To generate a composite score of CR based on a latent variable analysis of multiple base-
line indicators of CR, utilising data from older, cognitively normal, community-dwelling 
adults from the U.S. in the Cardiovascular Health Study (CHS) cohort. 

•  To assess the predictive role of the composite score of CR in relation to the long-term 
cognitive outcome of participants. 

Methods: The composite score of CR was generated using a confirmatory factor analysis 
(CFA) of three categorical indicator variables - education level, occupation and income le-
vel. The loadings (coefficients) estimated by the model for the indicator variables were used 
as weights to calculate a weighted sum of an individual‘s values for these three variables, 
which constituted the composite score of CR. 

Multivariate linear regression analyses were carried out to assess the predictive role of the 
CR composite score in relation to long-term cognitive outcome, adjusting for covariates. 
As data on AD or dementia diagnoses were not available for the CHS cohort, the outcome 
variable was operationalized as cognitive performance on the Modified Mini-Mental State 
examination (3MS) at study exit. Variable lengths of follow-up time were controlled for in 
the analysis. 

Results: There was a highly statistically significant positive association between CR score 
and 3MS score at study exit, adjusted for covariates (n = 3,048, mean follow-up = 6.7 years, 
β = 1.01, p< 0.001). 

A likelihood ratio test indicated that when the CR composite score was included as a pre-
dictor variable in the regression model instead of the three individual indicator variables, 
the model fitted the data significantly better (p< 0.001), further reinforcing the predictive 
role of the score. 

Conclusions: A composite score of CR generated based on CFA of the indicator variables 
education, income and occupation, significantly predicted the cognitive performance at 
study exit of older adults who were cognitive normal at baseline. 
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 SESSION 4: DEBATE: DO WE NEED A NEW CONCEPT OF COGNITIVE RESERVE? 

Korczyn A.D.

Tel-Aviv University Medical School

The term “cognitive reserve” is based on the observed differences in patients with Alzhei-
mer’s disease, between the cognitive decline and the observed neuropathological changes. 
However, unless you are a dualist, you must accept that “cognitive reserve” is actually 
“brain reserve”. And, in principle, there could not be a discrepancy between brain activity 
and the mind, or cognition. Therefore, any apparent discrepancy can only reflect our limi-
ted ability to comprehensively measure brain changes underlying cognitive decline. 

Call for an effective theory and unitary concept of reserve 

Ewers M.

Institute for Stroke and Dementia Research (ISD), University Hospital LMU

An often made clinical observation is that some patients show unexpectedly mild cognitive 
symptoms at a given level of attested brain pathology. The major proposition of the theory 
of reserve is that such a prediction error can be attributed to differences in a person’s pre-
disposition to alleviate the effects of pathology on cognition. 

Two major concepts of reserve have been particularly influential. The first one is “brain 
reserve”, which designates a passive capacity, typically in the form of larger brain volume. 
The second one is called “cognitive reserve”, which is thought to consist of active cognitive 
and functional processes to cope with pathology. While these initial concepts have been 
very fruitful in stimulating research, a conceptual confusion is noticeable in the research 
literature where both concepts are often interchangeably used. The confusion may arise 
partly from the nature of the conceptual definitions. 

1.  Whereas brain reserve is defined in terms of brain properties (i.e. larger brain), cognitive 
reserve refers to cognitive strategies, thus they are defined at two phenomenologically 
incomparable levels of analysis. 

2.  While both concepts appear to be explanatory, there is a lack of explanatory mechanisms 
that underlie each type of reserve. This lack has - in the case of cognitive reserve - led to 
the use of so called “proxy measures”, e.g. education or IQ, which, however, are by no 
means specific to reserve. 

In view of these conceptual and practical problems, the current proposal calls for an ef-
fective theory of reserve that includes the discrepancy between the level of pathology and 
cognition as quantifiable measure of reserve, but is by definition silent about potential un-
derlying mechanisms. This opens up the possibility to investigate underlying structural and 
functional neural underpinnings of reserve - analogous to the investigation of the neural 
underpinnings of any other cognitive ability, e.g. episodic memory, but avoids mechanistic 
preconceptions.  
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Current concepts of cognitive reserve are still appropriate – but need 
to be implemented in prevention

Alexander Kurz

Department of Psychiatry and Psychotherapy, Klinikum rechts der Isar, Technische Universität München

The recent failure of potentially disease-modifying drugs (anti-amyloid antibodies, beta 
secretase inhibitors, tau aggregation inhibitors) has spurred the interest in the secondary 
prevention of dementia. Two major strategies for secondary prevention may be distinguis-
hed, to reduce or eliminate medical risk factors (hypertension, obesity, diabetes, hyperli-
pidemia, depression, sleep apnea, smoking, alcohol) and to strengthen cognitive reserve. 
Therefore, from clinical and health economic perspectives, the importance of cognitive 
reserve is its preventive potential. Many studies have consistently shown that people with 
an active cognitive and physical lifestyle have a lower risk of dementia in old age than 
less active individuals. However, in these investigations the potentially preventive factor 
is coupled to the individual so that causative interpretations are impossible. The same is 
true for studies of cognitive reserve showing that people with high levels of cognitive and 
physical activity tolerate greater amounts of neurodegenerative pathology. The possible 
mechanisms through which cognitive and physical activity might increase the brain’s resi-
lience against neurodegenerative changes have been investigated in a host of experiments 
demonstrating multiple beneficial effects on brain structure and function. In many of these 
studies the potentially preventive factor has been randomly distributed to the study parti-
cipants, thus enabling causative conclusions, but the short timeframes excludes cognitive 
decline or incidence of dementia as outcomes. Taken together, the current evidence does 
not allow to conclude whether cognitive and physical activity or occupational complexity 
have a protective effect against cognitive decline and dementia. To answer this important 
question, long-term randomised and controlled trials such as the ACTIVE or FINGER trials 
are needed. Even if such trials come up with positive results, a number of issues remain to 
be resolved. These refer not only to the optimal type, duration and dosage of intervention 
but also to appropriate ways of enhancing cognitive and physical activity in older adults.  

Reduction of age-specific dementia incidence in the Cognitive 
Function and Ageing studies 

Matthews F.

Newcastle University and Programme Leader, MRC Biostatistics Unit, University of Cambridge

Background: Understanding the changes over time with regard to the incidence of demen-
tia is complex in the presence of changing criteria. This presentation will discuss the two 
Cognitive Function and Ageing studies where the prevalence and incidence of dementia 
have been investigated in ageing populations two decades apart. 

Methods: CFAS I (1992-1994) undertook baseline interviews in individuals age 65+ years 
in three areas in England. These sites were again used in 2011-2013 for a new population 
study, two decades after CFAS I using the same geographical boundaries, sampling and 
approach methods (CFAS II). For both CFAS I and II a two year follow-up was conducted in 
order to estimate incidence. Full likelihood modelling and multiple imputation were used 
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to adjust for study design, non-response and longitudinal attrition, with those individuals 
who died by the second wave the number of incident cases of dementia at death were also 
included.

Results: Incidence dropped by 20% (95% CI 0%-40%), driven by a reduction among men 
at all ages. These findings suggest that in the UK there are 210,000 incident cases per year, 
74,000 in men and 135,000 in women, but also 97,000 cases occur in individuals who die 
very rapidly between the two year screening stages. 

Conclusions: This study was uniquely designed to test for differences across geography 
and time.  A reduction of age-specific incidence means that the numbers of people estima-
ted to develop dementia in any year has remained relatively stable. 

Meditation to enhance cognitive reserve in aging and Alzheimer’s 
disease

Chételat G.

Inserm, Inserm UMR-S U1237, Université de Caen-Normandie, GIP Cyceron, Caen, France

Background: As the number and proportion of elderly in the population are growing, in-
creasing healthy life years is a priority. Cognitive decline, dementia (e.g. Alzheimer’s di-
sease, AD), sleep disturbances and depression – all related to psychological distress and 
anxiety – are significant drivers of reduced quality of life in older adults. 

Methods: Mental training for stress reduction and emotion regulation through meditation 
practice has the potential to down-regulate these adverse factors and, thereby, to have a 
positive impact on mental health and wellbeing – notably in the ageing population. This 
talk will illustrate the interest for meditation in ageing populations by showing preliminary 
evidences from previous studies. We will also present the design of a European project ME-
DITAGEING aiming at assessing the effects of meditation on mental health and well-being 
in the ageing population.

Results: Results of previous studies on the impact of meditation in aging populations are 
still sparse but findings are encouraging in suggesting a positive effect on psycho-affective 
measures, cognition, brain structure and function, sleep and telomeres. In MEDITAGEING, 
we will follow 150 cognitively normal at-risk elderly randomized in three arms (meditation, 
English learning, passive controls) over 18 months, and 160 SCD patients randomized in 
2 arms (meditation, health education) over 8 weeks, and assess 30 older long-term medit-
ators. 

Conclusion: Preliminary evidences are encouraging in suggesting that meditation might 
help increasing reserve and decreasing adverse factors for ageing. MEDITAGEING should 
help understanding the effects of meditation on brain, biological and cognitive markers and 
the mechanisms underlying these effects.
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Physical activity over a decade and brain structural and functional 
changes

Boraxbekk C.-J.

Umeå University, Sweden

Background: An active lifestyle may be one step towards healthy brain aging. Based on 
data from the Betula longitudinal cohort of cognitive aging, we examined how current and 
10 years accumulated physical activity modulated brain health across the lifespan. Com-
pared with many other studies using single-modality MRI brain markers, we emphasized a 
multimodal approach combining information from several MRI-modalities. 

Methods: Multimodal brain imaging included resting state functional connectivity, gray 
matter volume (GM), white matter integrity and cerebral perfusion. Physical activity was 
measured as an index comprising resting pulse, resting systolic and diastolic blood pres-
sure, maximum grip strength (left and right hand) BMI (kg/m2), and waist circumference 
(cm).

Results: One of the most age-sensitive resting state networks, the posterior default mode 
network (DMN), was positively altered by physical activity. Within this network gray matter 
volume and cerebral perfusion of the posterior cingulate cortex was also positively associa-
ted with physical activity. Hence, regions within the DMN displayed larger GM volumes and 
stronger perfusion in relation to both current and 10-years accumulated scores of physical 
activity. In this sample of healthy participants, no associations of physical activity and white 
matter integrity were observed.

Conclusion: Multimodal imaging provided novel insights into neural mechanisms of how 
long-term regular exercise can contribute to healthy brain aging.

Modulation of high cognitive reserve working memory networks using 
high definition tDCS

Bartrés-Faz D., Vaqué-Alcázar L., Abellaneda-Pérez K., Abós A., Martín-Trias P., Junqué C.

Background: Elders with high estimates of cognitive reserve (CR) have been shown to 
exhibit superior cognitive performance. Transcranial direct current stimulation (tDCS) can 
modify the expression of brain networks and result in cognitive changes. We investigated 
the behavioral and functional imaging correlates of using tDCS to modulate brain networks 
expressed by elders with high CR.

Methods: We first identified two distinctive patterns (‘compensatory’ and ‘young-like’) of 
fMRI activity during a challenging working memory (WM) task of elders with high CR 
(N=51). Subsequently, we designed tDCS multi-channel montages (Stimweaver, Neuroelec-
trics®) to obtain electric field maps distribution fitting the fMRI patterns. We finally inclu-
ded 24 healthy elders (mean age: 71.8±2.7) and undertook a sham-controlled crossover 
study where each individual performed an N-back fMRI WM task on three separate days, 
while tDCS was applied using sham, ‘compensatory’ and ‘young-like’ montages. To inves-
tigate if baseline fMRI activity modulated tDCS effects, each individual were classified as 
expressing a ‘compensatory’ or ‘young-like’ pattern using a linear support vector machine 
and L2 regularization. 
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Results: Active tDCS did not significantly influence WM performance. Regarding fMRI ch-
anges, we observed a stimulation condition x group interaction, where elders expressing 
a ‘compensatory’ pattern at baseline showed greater brain activity modulation in areas 
outside the tDCS modelled regions under both active stimulation montages.   

Conclusion: Old adults expressing a ‘compensatory’ like pattern of brain activity show 
greater brain responses to high definition tDCS compared to those that presumably show 
reduced functional age-related changes.

Multimodal interventions and dementia prevention

Sindi S.a,b,c, Ngandu T. b,d, Kivipelto M. b,c,d,e,f,

aAging Research Center, Karolinska Institutet and Stockholm University, Stockholm, Sweden; bDivision 
of Clinical Geriatrics, Center for Alzheimer Research, Karolinska Institutet, Stockholm, Sweden; 
cNeuroepidemiology and Ageing Research Unit, School of Public Health, Imperial College London, 
London, United Kingdom; dChronic Disease Prevention Unit, National Institute for Health and Welfare, 
Helsinki, Finland; eInstitute of Clinical Medicine, Neurology, University of Eastern Finland, Kuopio, Finland 
fDepartment of Geriatrics, Karolinska University Hospital

Background: In the absence of disease-modifying drugs, lifestyle interventions for demen-
tia prevention have been highlighted as a major public health priority. The Finnish Geriatric 
Intervention Study to Prevent Cognitive Impairment and Disability (FINGER) is a rando-
mised controlled trial that aimed to assess a multidomain approach to prevent cognitive 
decline in at-risk older adults from the general population.

Methods: FINGER is a 2-year multidomain lifestyle intervention (including diet, exercise, 
cognitive training, vascular risk management) among 1260 at-risk older adults (60-77 ye-
ars) from the general population. Inclusion criteria were CAIDE (Cardiovascular Risk Fac-
tors, Aging and Dementia) Dementia Risk Score of at least 6 points and cognition at mean 
level or slightly lower than expected for age.

Results: FINGER was the first trial to report significant benefits on various cognitive do-
mains. Recent analyses will be presented, showing the positive effects on health-related 
quality of life, functional abilities and adoption of healthy lifestyle habits. Sociodemogra-
phic factors (baseline age, gender, education) and baseline cognition did not affect the in-
tervention effects, increasing the generalisability of the findings and indicating that the tar-
get group selection worked effectively. The effects were more pronounced among ApoE4 
carriers and those with shorter baseline telomere length. Factors that contributed to the 
positive FINGER results will be summarised. 

Conclusion: Multidomain lifestyle interventions provide a promising and pragmatic appro-
ach to dementia prevention. More recent multidomain lifestyle initiatives will be presented, 
including the MIND-AD trial, MULTI-MODE, HATICE and World-Wide FINGERS (WW-FIN-
GERS). Ongoing/future initiatives will aid in adapting the interventions and generating gui-
delines for implementation in various contexts. 
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Serotonin 5-HTTLPR modulates brain damage in frontotemporal 
dementia

Premi E1, Archetti S2, Pilotto A1, Seripa D 3, Paghera B4, Padovani A1, Borroni B1

1Centre for Ageing Brain and Neurodegenerative Disorders, Neurology Unit, University of Brescia, Italy 
2III Laboratory of Analyses, ASST “Spedali Civili”, Spedali Civili Hospital, Brescia 3Geriatric Unit and 
Gerontology-Geriatrics Research Laboratory, I.R.C.C.S. “Casa Sollievo della Sofferenza San Giovanni 
Rotondo, Foggia, Italy 4Nuclear Medicine Unit, University of Brescia, Italy

Background: Frontotemporal Dementia (FTD) is a progressive neurodegenerative disor-
der with a strong genetic background. Non-modifiable (genetic background, i.e. causative 
mutations for FTD as well as genetic modulators/risk factors for FTD) and modifiable (co-
gnitive reserve, CR) factors might interact in affecting clinical phenotype, disease course 
and brain (in particular frontotemporal) damage.  Serotoninergic dysfunction has been 
suggested in FTD patients, and 5-HTTLPR polymorphism on SCLA4 gene modulates the 
serotoninergic transmission. We aimed to evaluate 5-HTTLPR polymorphism impact on 
regional cerebral blood flow (rCBF) and its possible interaction with CR in FTD.

Methods: Seventy-six FTD patients with a 5-HTTLPR genotyping were recruited at the 
Centre for Aging Brain and Neurodegenerative Disorders, University of Brescia, Brescia, 
Italy.  All subjects underwent neuropsychological assessment and SPECT imaging. Reserve 
Index (RI) was computed from educational and occupational attainments, as proxy measu-
re of CR. 

Results: 5-HTTLPR analysis evidenced 14 S/S, 24 L/L and 38 S/L carriers in FTD group. 
No neuropsychological/behavioural differences were present. In line with the ”Cognitive 
Reserve Hypothesis”, at the same disease stage (correcting all the analyses for the FTD-
CDR scale as measure of disease severity), L/L carriers as well as patients with a higher RI 
showed a greater bilateral frontal rCBF decrease, as index of a “reserve” to cope better the 
accumulation of brain pathology. Moreover, the additive effect of 5-HTTLPR-L polymor-
phism and RI was characterized by a greater frontal rCBF reduction.

Conclusions: 5-HTTLPR-L and CR act synergistically to counteract brain pathology in FTD, 
on the basis of brain reserve mechanisms.
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Novel genetic loci underlying intracranial volume

Ikram A.

Erasmus University Medical Centre Rotterdam, The Netherlands

Background: The reserve capacity of the brain encompasses brain reserve and cognitive 
reserve. Both have shown considerable heritability with several genetic variants identified 
through GWAS studies. This talk will highlight some of the ground-breaking recent disco-
veries in the genetics of reserve. Also, ongoing work will be highlighted.

Methods and Results: Several ongoing efforts that bring together large-scale populati-
on-based studies will be introduced, i.e. CHARGE, ENIGMA. Ongoing work from these 
consortia will be highlighted, including recent findings from GWAS studies on intracranial 
volume (as marker of maximum brain reserve) and general cognition (as marker of cog-
nitive reserve). Also, new analytical techniques that allow for more fine-grained genetic 
analyses will be discussed.

Conclusion: The reserve capacity of the brain is to a considerable extent shaped  by genetic 
influences. Recent discoveries have greatly aided in disentangling the various intricate 
mechanisms. Yet, novel methodologies and techniques will uncover even more novel bio-
logical insights in coming years.

Brain size and the compensation of Alzheimer’s disease symptoms

Perneczky R. a, b, c

aDepartment of Psychiatry and Psychotherapy, Ludwig-Maximilians-Universität München, Munich, 
Germany; bGerman Center for Neurodegenerative Diseases (DZNE) Munich, Germany; cNeuroepidemiology 
and Ageing Research Unit, School of Public Health, Imperial College, London, UK

Background: The brain reserve hypothesis suggests that larger brain size is associated 
with a greater ability to tolerate pathological damage before showing any cognitive decline. 
This theory has been used to explain why many patients with Alzheimer’s disease (AD) 
pathology are cognitively normal before death. The literature concerning the brain reserve 
hypothesis is however mixed with evidence both for and against this theory. 

Methods: We tested the theory by assessing whether premorbid brain size (measured 
using head circumference or intracranial volume on magnetic resonance imaging), alters 
the relationship between AD pathology (estimated by brain atrophy or Apolipoprotein E 
genotype) in independent clinical cohorts. 

Results: We found that measures of brain reserve were associated with a reduced impact of 
AD pathology on cognitive performance. Hence, for a given degree of pathology, cognitive 
performance was better in individuals with more brain reserve. 

Conclusion: Our studies suggest that although brain reserve is not directly associated with 
cognitive function in patients with AD, it does modify the relationship between cerebral 
pathology and cognition. These findings are supported by the results from previous epide-
miological studies and they highlight the importance of early life brain development, which 
determines head size and intracranial volume, for AD prevention.
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Late adulthood activities and brain structure

Arenaza-Urquijo EM1, Gonneaud J1, de Flores R1, Bejanin A1, Wirth M1, Ourry V1, Landeau 
B1, Eustache F2, Desgranges B2, Chételat G1.
1Inserm, Inserm UMR-S U1237, Université de Caen-Normandie; 2Inserm U1077, EPHE, Université de Caen-
Normandie

Background: Engagement in cognitive and physical activities during the lifespan may have 
beneficial effects on the brain later in life. Understanding the timing of the effects of these 
activities, and notably of those started during late adulthood, is crucial to appropriately 
direct interventions in older adults.

Methods: We will present several studies from our laboratory that showed beneficial effects 
of cognitive and physical activities on neuroimaging biomarkers, including glucose and 
amyloid PET and MRI, with special focus on brain structure and late adulthood activities. 
Cognitively normal older adults (>55 yrs old) underwent neuropsychological, FDG-PET, 
Florbetapir-PET and MRI examinations and completed auto-administered questionnaires 
assessing a full range of complex mental activities over the lifespan (educational, occupa-
tional and leisure), as well as physical and cognitive activities during the last year. Relati-
onships between neuroimaging biomarkers and self-reported measurements were carried 
using Statistical Parametric Mapping (SPM).

Results: Activities during early and late adulthood were positively associated with greater 
brain structure (gray matter volume) and function notably in the frontal and middle tempo-
ral lobes. The effects of late adulthood activities was present after controlling for early life 
activities. We also found distinct and independent regional effects of cognitive versus phy-
sical activities during late adulthood on gray matter volumes, including in the hippocam-
pus. Finally, early and late adulthood activities were differentially associated with late-life 
brain processes, namely atrophy and amyloid deposition. While late adulthood activities 
showed a specific association with brain structure, early life activities were associated with 
amyloid deposition.

Conclusions: Our studies showed beneficial effects of cognitive and physical activities on 
late life brain processes: (i) while both early and late life cognitive activities showed an 
association with larger gray matter volumes, the effect of late adulthood activities was 
independent; (ii) physical as well as cognitive activities during late adulthood presented po-
sitive but distinct associations with regional gray matter volumes (iii) the beneficial effects 
of late-adulthood activities seems to concern brain structure (gray matter volume) rather 
than amyloid deposition. Overall, these results suggest that late adulthood cognitive and 
physical activities may counteract brain atrophy later in life.
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Conflicting cerebrospinal biomarkers and the effects of reserve

Alexopoulos P.

University of Patras, Greece

Despite theoretical assumptions, constellations with conflicting cerebrospinal fluid (CSF) 
biomarkers are not rare in Alzheimer’s disease (AD). The development of such constel-
lations and their clinical expression may be influenced by cognitive reserve. Surrogate 
markers of cognitive reserve seem to be related to CSF marker levels and their longitudinal 
changes, as well as to moderate the relationships between AD risk factors, biomarker le-
vels, cognitive deficits and non-cognitive symptoms. 

Physical Activity, Multi-Domain Cognition and APOE-ε4 in Non-
Demented Older Adults

Robb C.a; Udeh-Momoh C.a; Wark P.A.c; Perneczky R.a,b

aNeuroepidemiology and Ageing Research Unit, School of Public Health, Imperial College London; 
bDepartment of Psychiatry and Psychotherapy, Ludwig-Maximilians-Universität München, Munich, 
Germany; cCentre for Technology Enabled Health Research Innovation, Design and Technology, Faculty of 
Health and Life Sciences, Coventry University

Background: Some of the most intriguing findings on the successful enhancement of cog-
nitive reserve in older adults have been in physical activity (PA) studies. However, the lack 
of data by which behaviours such as habitual PA modify multi-domain cognitive performan-
ce, in the presence of pathology, necessitates further evaluation. 

Aim: Here we explore whether physical activity modulates the association between APO-
Eε4 carriage and multi-domain cognition among pre-symptomatic older adults.

Methods: Cross-sectional analyses via multiple linear regression (N = 901, mean age = 68.8 
years old, SD = 4.01) and including interactions by APOEε4 carrier status was first conduc-
ted; controlling for a priori selected health and demographic factors. Longitudinal analysis 
will then explore the influence of baseline physical activity levels on cognitive trajectories 
among APOEε4 carriers versus non-carriers.

Results: Habitual physical activity was found to be positively associated with language 
domain index scores (beta-coefficient (B) = 5.2, 95% CI .55, 9.8, p-interaction for APOEε4 
status = 0.007), and a positive trend towards better attentional index scores (B = 5.3, 95% 
CI -.07, 10.8), both among APOEε4 carriers only. There was no significant association bet-
ween physical activity and global cognition, nor tests assessing episodic memory in both 
carriers and non-carriers. 

Conclusion: The positive association between physical activity and domain-specific cogni-
tion was most evident among APOEε4 carriers compared to non-carriers. These outcomes 
contribute towards the validity of promoting physical activity as a lifestyle factor for enhan-
cement of cognitive reserve in older adulthood, whereby such behaviour change may be 
most efficacious among a more targeted demographic, i.e., those at increased genetic risk 
of AD dementia.
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Protective factors associated with Parkinson’s disease

Hindle JV

School of Psychology, Bangor University, Bangor. UK

Background: Cognitive dysfunction can be present at diagnosis in Parkinson’s disease (PD) 
and can progress throughout the disease. Dementia occurs in 80 to 90% of individuals 
after 15 to 20 years. 

Methods: A systematic review and meta-analysis of the effects of cognitive reserve in PD 
was conducted.  In a cross sectional study we then examined the effects of Welsh/English 
bilingualism and lifelong cognitive lifestyle, on executive function in PD.   In a longitudinal 
study we examined the effects of early (education), middle (socio-economic status) and late 
life (cognitive engagement) factors impacting cognition and dementia in PD. 

Results: The meta-analysis showed that education was associated with cognitive perfor-
mance and slowing in cognitive decline but not protective against dementia in PD. Our own 
studies found no differences in executive function in monolinguals and bilinguals. Higher 
cognitive reserve was associated with better motor function, but high and low cognitive re-
serve groups did not differ in executive function. Higher educational level, socio-economic 
status and recent social engagement were associated with better cross-sectional global co-
gnition. In those with normal cognition at baseline, higher educational level was associated 
with better global cognition after 4 years. Increasing age and low levels of a measure of 
recent social engagement were associated with an increased risk of dementia.

Conclusion: The results suggest a possible differential effect of cognitive reserve on exe-
cutive and memory functions with the latter being protected by higher cognitive reserve. 
Higher cognitive reserve may have protective effect on motor function in PD. 
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Life course activity participation and cognitive ageing in the Lothian 
birth cohorts

Starr JM, Pattie A, Taylor A, Sibbett R, Deary IJ.

Centre for Cognitive Ageing and Cognitive Epidemiology, University of Edinburgh, Edinburgh, UK.

Background: Physical activity is a putative risk factor for cognitive impairment and demen-
tia. As such, it can be considered as a protective component contributing to cognitive re-
serve. However, physical activity during adulthood may, itself, be influenced by childhood 
cognitive ability raising the possibility of ‘reverse causation’. Life course cognitive data are 
thus essential to draw appropriate inferences about any associations.

Methods: Data will be presented from the Lothian Birth Cohorts (LBC) 1921 and 1936, part 
of the Scottish Mental Surveys of 1932 and 1947 respectively which measured mental abi-
lity at age 11. Physical activity was characterised by epoch across the lifecourse. Cognitive 
data were collected for five waves of LBC1921 and three waves of LBC1936. In addition, 
cohort members who had developed dementia were identified.

Results: Key relevant findings from the many LBC publications will be synthesised. In addi-
tion, novel paradoxical findings regarding physical activity and dementia risk in those over 
80 will be presented.

Conclusion: Physical activity protects against deleterious normative cognitive ageing in 
these cohorts, but paradoxically increases risk of dementia after the age of 80. Hence, 
contributors to cognitive reserve may differ according to age and whether the outcome is 
normative cognitive ageing or dementia.
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Bilingualism and age at onset of dementia

Bak TH1, Vega-Mendoza M1, Alladi S2, 
1University of Edinburgh, 2NIMHANS, Bangalore, India

Background: Since the seminal paper by Bialystok et al 10 years ago, bilingualism has 
been discussed as one of the possible contributors to the cognitive reserve. However, the 
results remain equivocal and the topic controversial. This is to a large degree due to the 
confounding variables encountered in many of the previous studies in this field: immigra-
tion, education, social status and intelligence. While it is not possible to eliminate fully all 
these confounding factors, bringing together evidence from different countries and popu-
lations can help in reducing the confounding effects.

Methods: I will present two major strands of work. The studies in Hyderabad, India exa-
mined the influence of bilingualism on dementia, mild cognitive impairment, post-stroke 
dementia and cognitive impairment and aphasia controlling for immigration and education. 
The studies in Scotland investigated the influence of language learning on cognitive fun-
ctions.

Results: The studies from India demonstrate that the effects of bilingualism are indepen-
dent of immigration and education. The Scottish studies document a measurable impro-
vement in attentional functions following even short intensive language courses, an effect 
which was sustained 9 months later in those who practiced at least 5 hours per week.

Conclusion: Taken together, both strands of research support the idea that language lear-
ning and use can contribute to cognitive reserve, delay cognitive ageing and the onset of 
dementia and improve cognitive outcome after stroke. 
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Tau pathology and cognitive reserve in Alzheimer´s disease

Hönig M.1, Bischof G.1,2, Hammes J.1, Faber J.3,4, Fließbach K.3,5, van Eimeren T.1,2,3, 
Drzezga A.1,3

1University Hospital Cologne, Department of Nuclear Medicine, Cologne, Germany, 2Research Center Jülich, 
Cognitive Neuroscience, Institute for Neuroscience and Medicine III, Jülich, Germany, 3German Center for 
Neurodegenerative Diseases (DZNE), Bonn, Germany, 4University Hospital Bonn, Department of Neurology, 
Bonn, Germany, 5University Hospital Bonn, Department of Psychiatry and Psychotherapy, Bonn, Germany

Background: PET studies have demonstrated that higher educated patients with Alzhei-
mer‘s disease (AD) display greater levels of beta amyloid pathology than lower educa-
ted patients with equal symptom severity, supporting the concept of cognitive reserve. 
Whether similar associations exist for in vivo tau pathology remains elusive, although clo-
ser relations between tau-deposition and cognitive decline have been reported. Therefore, 
this study examined differences in tau pathology load and spread in higher versus lower 
educated AD patients using [18F]AV-1451-PET imaging.

Methods: 24 patients with typical AD were grouped into a higher (HEAD) and lower educa-
ted (LEAD) group. The two groups were matched for age and cognition measured by the 
Mini Mental State Examination. Additionally, a group of 14 age-matched healthy controls 
was included. [18F]AV-1451-PET scans were acquired to assess cerebral tau-burden.

Regional tau ratios (reference region: cerebellum) were determined in a set of regions of 
interest (ROIs) which were defined according to the pathological disease stages by Braak 
& Braak. The obtained tau ratios were then compared between the groups. Furthermore, 
whole brain voxel-wise comparisons were conducted using Statistical Parametric Mapping 
to determine differences in tau-distribution between each AD-group and the healthy cont-
rols, respectively, as well as between the two AD-groups.

Results: The ROI analysis yielded tau pathology in regions corresponding to more ad-
vanced Braak stages exclusively in the HEAD group, whereas tau pathology in the LEAD 
group was still confined to lower Braak stages. These results were confirmed by voxel-wise 
comparisons revealing higher tau levels in dorsomedial fronto-parietal cortical areas in the     
HEAD group when compared to the LEAD group.

Conclusion: Highly educated AD patients seem to be able to tolerate more tau tangle 
pathology than lower educated patients with comparable cognitive impairment in support 
of the cognitive reserve hypothesis. These cognitive reserve- related differences in 
disease manifestation have crucial implications for early detection of AD, prognosis and 
assessment of disease progression and the monitoring of drug treatments. 
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Functional connectivity in cognitive control networks moderates the 
impact of white matter lesions in aging

Benson G.1, Hildebrandt A.2, Lange C.3, Schwarz C.1, Köbe T.1, Sommer W.2, Flöel A.4, 
Wirth M.1

1Charité - Universitätsmedizin Berlin, NeuroCure Clinical Research Center, Department of Neurology, 
Berlin, Germany, 2Humboldt-Universität zu Berlin, Department of Psychology, Berlin, Germany, 3Charité - 
Universitätsmedizin, Nuclear Medicine, Berlin, Germany,  4University Medicine Greifswald, Department of 
Neurology,  Greifswald,  Germany

Background: Cerebrovascular pathology, measurable through White Matter Lesions 
(WML), is known to affect cognition in aging. Proxies of cognitive reserve, such as educa-
tion and lifestyle behaviors, have been shown to mitigate the impact of WML on cognition. 
The neural correlates of cognitive reserve remain unclear. However, integrity of cognitive 
control networks, as determined by resting state functional connectivity has been sugge-
sted as a candidate biomarker of reserve.

Objective: To investigate whether integrity in higher-order resting-state networks can mo-
derate the negative impact of WML on cognition in non-demented older individuals.

Methods: In total, 230 participants, 140 healthy older adults (63.3 ± 6.9 years) and 90 
patients with Mild Cognitive Impairment (68.6±7.5 years) underwent cognitive evaluation, 
FLAIR-MRI, and resting-state functional MRI. WML volumes were quantified algorithmical-
ly. Functional integrity was assessed using two approaches: a) global connectivity   in the 
fronto-parietal network, the salience network, and the default mode network and b) local 
connectivity within each network by extracting regions related to a cognitive reserve proxy 
(estimated based on education, premorbid IQ, and lifestyle behavior). Latent moderated 
structural equations modeling was used to assess direct and interactive effects between 
WML volumes and functional connectivity measures on cognition.

Results: Greater WML volumes were related to lower general cognition (β1= -0.26), with 
higher impact on executive function (β2 = -0.37) as compared with memory (β3 = -0.22). 
Higher global connectivity in the fronto-parietal network exerted a beneficial effect on exe-
cutive functions (β =0.22, p =.01). In addition, higher global connectivity in the fronto- pa-
rietal network and higher local connectivity in the anterior cingulate cortex of the salience 
network significantly mitigated the impact of WML on executive functions (unstandardized 
coefficients: β=2.39 p=.01; β=3.70 p=.01, respectively). Similar effects were not detected for 
the default mode network.

Conclusion: Integrity of higher-order resting-state networks may have beneficial effects 
in cognitive aging. Specifically, higher global and local connectivity in the fronto-parietal 
and salience networks could protect against detrimental effects of cerebrovascular lesions 
on executive functions. These results highlight the crucial role of functional connectivity in 
cognitive-control networks as a potential neural mechanism underlying reserve in the face 
of cerebrovascular pathology.
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Education is associated with individual variability in recollective 
memory abilities in normal aging

Bastin C.1, Simon J.1

1University of Liege, Liege, Belgium

Healthy aging is accompanied by a decline of episodic memory. However, there is large in-
dividual variability among older adults, so that some people retain better episodic memory 
abilities than others. Factors contributing to creating a cognitive reserve, such as educati-
on, appear to be correlated with episodic memory performance in aging. It is not clear ho-
wever which aspects of episodic memory are modulated by cognitive reserve. Finer-grain 
analyses of memory changes in aging revealed that age-related memory difficulties are due 
to a predominant decrease in the ability to recollect the encoding context of past events and 
a smaller decline of familiarity-based memory. The current study aimed to assess whether 
cognitive reserve is related to variability in recollection-based and/or familiarity-based me-
mory performance in older participants. A sample of 118 older participants (aged 55 to 89 
years old) performed recognition memory tasks in which they studied 25 pictures of objects 
and then had to recognize them among similar new pictures. The Remember/Know para-
digm allowed to estimate the contribution of recollection and familiarity to performance.

Moreover, participants completed a Cognitive Reserve Index, from which we extracted 
the number of years of education, a measure of occupational attainment (based on the 
duration and cognitive load of the longest occupation) and the frequency of intellectual, 
physical, social and cultural leisure activities currently performed. Compared to a sample 
of 70 young adults, the older group showed decreased global recognition accuracy as 
well as diminished recollection and familiarity. Moreover, age was negatively correlated 
with these 3 memory scores. In order to assess the association of cognitive reserve 
measures with recollection and familiarity estimates, multiple regression analyses were 
performed in the older group, with age, education, occupational attainment and the four 
current leisure frequencies as predictors. The results showed that only recollection was 
related to cognitive reserve factors: education and the frequency of intellectual leisure.  
Older  people  with higher  education  had  better  recollection estimates  (beta=.25,  
p  <  .01).  Surprisingly, older adults who were engaged more frequently in intellectual 
leisure showed poorer recollection abilities (beta=-.17, p < .05). These findings suggest 
that education is a protective factor that is specifically associated with the ability to 
recollect past events in aging. The negative association with the frequency of intellectual 
leisure, like reading, playing crossword or using computers, may be due to a link with an 
unmeasured variable, such as social isolation. 
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Hippocampal resting state functional connectivity at 7 Tesla and its 
association with episodic memory and Alzheimer‘s disease related 
CSF biomarkers

Köbe T.1, Arbab-Zadeh P.1,  Wang H.1, Fillmer A.2, Schubert F.2,  Aydin S.2, Flöel A.3

1Charité - University Medicine, Neurology, Berlin, Germany, 2Physikalisch-Technische Bundesanstalt Berlin, 
Berlin, Germany,  3University Medicine Greifswald, Greifswald, Germany

Recently, it has been proposed that brain functional connectivity might contribute to brain 
reserve capacity in the presence of Alzheimer´s disease (AD) pathology (Teipel et al., 2016). 
Here, we aimed to investigate how the association between AD pathology and cognitive 
function is mediated by hippocampal resting-state functional connectivity (RSFC), using 7T 
magnetic resonance imaging (MRI).

This cross-sectional preliminary analysis was performed within the NeuroMet study, car-
ried out within the framework of the EURAMET funded European metrology program for 
innovation and research. Data on memory performance and  RSFC of the hippocampus of 
24 participants with and without cognitive impairment were available at the time of abstract 
submission. For assessment, we used the German version of the Rey Auditory Verbal Lear-
ning Test and a hippocampus seed-based functional connectivity approach. Resting-state 
fMRI data were acquired at a 7T whole body MRI scanner using a multiband echo-planar 
imaging sequence. Learning and memory scores were voxel-wise correlated with the fun-
ctional connectivity between the hippocampus and whole brain gray matter, controlled 
for age, gender and education. Therefore, the Functional Connectivity Toolbox CONN of 
SPM12 was used and a two-sided voxel-wise threshold of p< 0.001 uncorrected and a clus-
ter-level threshold of p< 0.05 corrected for the false discovery rate was applied. Levels of 
amyloid ß (Aß) and tau were determined in cerebral spinal fluid of eight individuals with co-
gnitive impairment and was correlated with learning and memory scores and hippocampal 
RSFC. Statistical analyses were performed using SPSS 23.0 (PASW, SPSS; IBM, Armonk, 
NY). Levels of significance were set at p < 0.05.

After correction for age, gender and education, learning ability was significantly associated 
with higher RSFC between right hippocampus and superior lateral occipital cortex (peak 
T-value: 6.08; Cluster size: 255 voxels) and between left hippocampus and precuneus (peak 
T-value: 6.82, Cluster size: 142 voxels). Levels of total tau and phosphorylated tau, but not 
Aβ (Aβ40, Aβ42 and Aβ ratio), were negatively correlated with learning ability and RSFC 
between the  hippocampus and the significant clusters. Simple mediation analyses indica-
ted a moderate impact of hippocampal RSFC on the negative association between tau levels 
and learning ability, which did not reach significance though.

These preliminary results indicate that RSFC of the hippocampus plays an important role 
in buffering the negative effect of tau-, but not Aß-pathology, on learning ability with 
regard to AD. A better insight into the functional organization of brain circuits will help 
to further understand the mechanisms underlying brain reserve in neurodegenerative 
disease, possibly providing promising targets for prevention and intervention strategies. 
The present analyses will be repeated with a larger sample size (n = 90) at the end of 
recruitment of the NeuroMet study. 
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Effects of lifespan cognitive and leisure engagement and APOE ε4+ on 
mid-life cognitive functioning

Atkinson R.Á.1, Gaysina D.1, Rusted J.1

1University of Sussex, Department of Psychology,  Brighton, United  Kingdom

Background: Apolipoprotein ε4 (APOE ε4+) is the major genetic risk factor for late-onset 
Alzheimer‘s disease, and is associated with poorer healthy cognitive ageing. Research sug-
gests that life-long intellectual and leisure activity engagement may be related to better 
cognitive ageing in the absence of dementia, yet previous studies have reported inconsis-
tent interactions between cognitive and leisure engagement and APOE genotype. Here we 
used prospective longitudinal data to examine the associations between APOE genotype 
and cognitive and leisure engagement measured throughout the lifetime, and their impact 
on mid-life cognitive functioning.

Methods: We used data from 5 waves of the 1958 British Birth Cohort (the National Child 
Development Study). Cognitively-normal cohort members reported their leisure activities 
and cognitive engagement during childhood, adolescence, young adulthood, and mid-life. 
Additionally they provided overall years of education. At age 50, participants completed  
immediate and delayed memory, category fluency, and letter cancellation tasks. Formal  
cognitive assessments were also completed throughout school years. We used structu-
ral equation modelling with cognitive and leisure activity engagement latent variables to 
evaluate the associations between early- and mid-life cognitive and leisure engagement 
and cognitive functioning at age 50, controlling for early-life cognitive performance and so-
cioeconomic status. This model was fitted for multiple groups stratified by APOE genotype, 
to compare ε4+ carriers (n=217) with the population norm (ε33 carriers) (n=533).

Results: Paths between lifespan cognitive and leisure activities and mid-life cognitive fun-
ctioning were statistically significant, including the path between years of education and 
delayed memory performance, and the path between current cognitive & leisure activity 
engagement and immediate memory performance (p< .05). APOE genotype modified path 
associations differently for the two groups. In particular, childhood cognitive & leisure acti-
vity engagement was associated with memory performance at mid-life, but only among ε4+ 
carriers (p< .05). Relationships were altered by the addition of SES measures.

Conclusions: APOE ε4 association with poorer cognitive ageing appears to interact with 
early- and mid-life cognitive and leisure engagement to differentially predict mid-life cog-
nitive outcomes. The pattern of results is suggestive of accelerated or premature cognitive 
ageing, even in the absence of pathology. The role of specific cognitive modalities is discus-
sed, as is the impact of socioeconomic status on these relationships.
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Do leisure activities and rest-activity rhythm explain executive 
performance in aging?

Collette F.1,2, Lesoinne A.1, Gilsoul J.1,2, Simon  J.1,2

1Liège University,  GIGA-CRC In vivo imaging, Liège, Belgium, 2Liège University,  PsyNCog, Liège,  Belgium

There exists a large inter-individual variability regarding the effects of aging on cognition. 
Sleep-wake rhythms and cognitive reserve may contribute to explain why some people 
appear to be more resistant to the effects of aging than others. Particularly, individuals who 
have developed a high level of reserve resist better to the effects of aging than individuals 
with lower cognitive reserve. Conversely, a decrease of day-to-day stability of sleep-wake 
rhythms and an increase of sleep fragmentation may contribute to potentiate the effects of 
aging. In this study, we describe the impact of cognitive reserve and rest-activity rhythm 
on executive functions in normal aging. One hundred and sixty five healthy participants  
aged  from 59 to 81 years were recruited. We assessed the three major executive functions:  
Inhibition (Stroop test, Hayling test, TAP Incompatibility subtest), Shifting (TAP Flexibility 
subtest, Plus-Minus task), and Updating (Letter-Number Sequencing subtest from MEM 
III, Letter memory task, 2-back task). Cognitive reserve was measured by questionnaires 
assessing leisure activities across the lifespan. Actigraphy was used to measure parameters 
of sleep- wake cycle (24-h fragmentation and 24-h stability) over a minimal period of 12 
days. In a first model, multiple linear regressions (p< 0.05) adjusted for age, Mattis score 
and processing speed showed that education did not explained executive performance. 
Conversely, current practice of at least one social leisure activity has a positive impact on   
flexibility and a minimum of 3 intellectual activities or a minimum of two social activities 
regularly performed are necessary to have a positive impact on updating. In a second mo-
del adjusted for age, Mattis score and processing speed and formal education, we did not 
observed a significant effect of day-to-day stability and sleep fragmentation on executive   
functioning. These results suggest that the cognitive reserve is related to abilities in some 
executive tests while rest-activity rhythm does not seem to explain the inter-individual va-
riability of executive performance.
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High-dose spermidine supplementation to improve episodic memory 
in individuals with subjective cognitive decline: proof-of-concept 
study

Wirth M.1,2, Schwarz C.1, Benson G.1, Köbe T.1, Stekovic S.3,4, Madeo F.3,4, Agnes F.5

1Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität 
zu Berlin, and Berlin Institute of Health, NeuroCure Clinical Research Center, Department of Neurology, 
Berlin, Germany, 2Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, 
Humboldt-Universität zu Berlin, and Berlin Institute of Health, Center for Stroke Research Berlin, Berlin, 
Germany, 3University of Graz, Institute of Molecular Biosciences, NAWI Graz, Graz, Austria, 4BioTechMed 
Graz, Graz, Austria, 5University Medicine Greifswald, Department  of Neurology,  Greifswald, Germany

Background: Dietary lifestyle choices including caloric restriction may retard brain and co-
gnitive aging. Novel candidate substances that mimic such effects are natural polyamines, 
particularly spermidine. In model organisms, spermidine-rich diet can prevent age-rela-
ted memory impairment, most likely via autophagy-based neuroprotection. This first pro-
of-of-concept human trial evaluated impacts of high-dose spermidine supplementation on 
episodic memory along with safety/tolerability in individuals at increased risk for Alzhei-
mer‘s disease.

Methods: Healthy older participants with subjective cognitive decline and self-repor-
ted concerns (n = 30, mean age: 70 ± 5 years, 2 drop-outs) were recruited to conduct a 
3-months randomized, placebo-controlled, double-blind trial. Episodic memory was asses-
sed using a behavioral paradigm designed to tackle the hippocampal formation. Safety/
tolerability parameters were evaluated together with adverse events recordings. Outcomes 
were compared between intervention groups (polyamine and placebo) at the end of inter-
vention, co-varying for baseline levels.

Results: Greater improvement of episodic memory was observed after spermidine compa-
red to placebo intervention with a medium effects size and statistical trend (Cohen´s d = 
0.517, p = 0.189). Memory performance was significantly increased in the spermidine-tre-
ated (Cohen´s d = 0.471, p = 0.040) and not in the placebo-treated (Cohen´s d = 0.246, p = 
0.575) group. Safety/tolerability outcomes of physical condition, hematology, and self-re-
ported health were comparable between groups at the end of intervention. Frequency and 
intensity of serious adverse events was low in both groups (n = 1, respectively) and unre-
lated to treatment.

Discussion: High-dose spermidine supplementation may induce positive effects on episo-
dic memory performance in older individuals, paralleled by favorable safety and tolerability 
profiles. This finding allows for longer-term intervention studies in humans to investigate 
impacts of oral polyamine intake on brain and cognitive health. The plant-derived dietary 
supplement could perhaps increase cognitive and brain reserve mechanisms in older indi-
viduals at risk for Alzheimer‘s disease.
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Intellectual and social enrichement linked to larger hippocampal 
volume in healthy aging 

Narbutas J.1,2, Van Egroo M.1, Besson G.1, Schmidt C.1,2, Gaggioni G.1, Muto V.1, Salmon 
E.1,2,3, Balteau E.1, Vandewalle G.1, Bastin C.1,2, Collette F.1,2

1University of Liège, GIGA-CRC In Vivo Imaging, Liège, Belgium, 2University of Liège, Research Unit 
PsyNCog, Liège, Belgium, 3University of Liège, CHU Liège, Memory Clinic, Liège, Belgium

Introduction: Decreased hippocampal volume in older adults is associated with episodic 
memory decline and subsequent neurodegenerative diseases. According to the dynamic 
polygon hypothesis, strategies that increase neurogenesis of the hippocampus are likely to 
be successsful in delaying the onset of cognitive impairment in ageing. Several modifiable 
factors can have a positive effect on the size of the hippocampus, one of them being cogni-
tive reserve. However, to date, very few studies reported an impact of cognitive reserve on 
hippocampal volume in healthy older adults. Therefore, the main objective of our study was 
to explore whether cognitive reserve is linked to hippocampal volume in healthy aging. We 
focussed particularly on intellectual and social enrichment during lifespan, because these 
aspects have been linked to hippocampal volume in clinical populations.

Methods: Twenty-six healthy late middle-aged participants (51-69 y.o.) underwent 3T 
magnetic resonance imaging. Hippocampal volume was calculated with the Automatic 
Segmentation of Hippocampal Subfields (ASHS) software, which uses T1-weighted and 
T2-weighted MRI to obtain optimal segmentation of the hippocampus and its subfields. 
Raw volumetric scores obtained with ASHS were controlled for age and total intracranial 
brain volume. Only the main hippocampal regions (CA1, CA2, CA3, dentate gyrus) were 
included in the analysis. Volunteers also completed a questionnaire quantifying their life-
span engagement in intellectual (i.e. reading, hobbies) and social (i.e., volunteering,  social 
games) enrichment. More specifically,  participants had to describe the frequency of each 
activity they have engaged in from 6 years old to the present day.

Results: Pearson correlation and hierarchical linear regression analyses revealed that hig-
her frequency of intellectual (r = 0.40; p = 0.023) and social (r = 0.44; p = 0.013) enrichment 
was significantly linked to larger hippocampal volume, even when controlling for age and 
sex. Education, another proxy of cognitive reserve, had, however, no significant associa-
tion with hippocampal volume, possibly due to restricted variance in education and small 
sample size.

Conclusion: These results suggest that in a late middle-aged population, lifespan intellec-
tual and social enrichment is related to larger hippocampal volume. These findings could 
indicate that lifespan enrichment promotes hippocampal neurogenesis. Future analysis on 
a larger sample will distinguish the impact of early and later life enrichment on hippocam-
pal volume and will also assess whether this relation can modulate hippocampal-related 
changes in episodic memory in aging population.
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Exploring cognitive reserve in the EMPIR project “Innovative 
measurements for improved diagnosis and management of 
neurodegenerative diseases (NeuroMET)”

Göschel L.1, Wang H.1, Fillmer A.2, Schubert F.2, Aydin S.2, Quaglia M.3, Bellotti V.4, Cano 
S.5, Deane K.6, Divieto C.4, Lehmann S.7, Martos G.8, Pang S.3, Pendrill L.5, Parkes H.3, 
Köbe T.1

1Charité - Universitätsmedizin Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität 
zu Berlin, and Berlin Institute of Health, NeuroCure Clinical Research Center, Neurology, Berlin, 
Germany, 2Physikalisch-Technische Bundesanstalt (PTB), Berlin, Germany, 3Laboratory of the Government 
Chemist Limited, Teddington, United Kingdom, 4Istituto Nazionale di Ricerca Metrologica, Turin, Italy, 
5RISE Research Institutes of Sweden, Gothenburg, Sweden, 6School of Nursing at the University of East 
Anglia, Norwich, United Kingdom, 7Centre Hospitalier Universitaire de Montpellier, Montpellier, France, 
8Laboratoire National d‘Essais Paris, Paris,  France

Background: One of the most common neurodegenerative diseases is Alzheimer‘s disease 
(AD). While it is already  known that a healthy life style can reduce the risk of AD due to 
cognitive and brain reserve, the influence of reserve is often difficult to measure. In this 
ongoing study, we use 7T high resolution MRI data from the EMPIR project NeuroMET    to 
explore cognitive reserve in more detail. In NeuroMET, the diverse expertise of various na-
tional measurement institutes, including both clinicians and academics, joined together to 
improve accurate diagnostic and thereby approach better therapy. We present an overview 
of the project, which aims to (1) develop improved magnetic resonance imaging (MRI) and 
magnetic resonance spectroscopy (MRS) methods, (2) understand bias and uncertainty of 
immunoassays and digital PCR methods for neurodegenerative disease protein and miRNA 
biomarkers, (3) develop reference methods for tau, (4) improve cognitive assessment ques-
tionnaire for early diagnosis of Alzheimer‘s disease.

Methods: In this project, a total of 90 participants are being recruited (30 Healthy Control, 
30 Mild Cognitive Impairment and 30 AD patients). All subjects are undergoing a battery of 
neuropsychological tests. With a focus on reserve, the relationship of memory scores and 
hippocampal volumetric data obtained from T1 weighted MRI images of a 7T MRI scanner 
(Siemens Magnetom, Erlangen, Germany) will be analyzed. Additionally, participants are 
being asked to fill in a self-administered lifestyle questionnaire which assesses current 
physical activity and nutrition. The influence of lifestyle factors will be investigated and pre-
liminary results will be presented. For general blood count and APOE genotyping,   blood 
samples are being drawn. Immunoassays (Meso Scale Discovery) are being developed to 
overcome matrix effects and achieve duplexed detection of Aß40 and Aß42 within human 
plasma. Available cerebrospinal fluid (CSF) samples are being tested performing digital 
PCR for a panel of proteins and miRNA biomarkers, all of which might be used to   obtain 
further insights into cognitive reserve. Furthermore, liquid chromatography mass spectro-
metry (LC-MS, triple quadrupole and quadrupole time of flight) is performed on blood and 
CSF samples, to investigate concentrations of the mentioned biomarkers. This diversity of 
different cutting-edge measures, like ultra-high field MRI and MRS, LC-MS,  miRNA assays, 
new immunoassays, and digital PCR methods, will provide anatomical, functional, and me-
tabolic information in order to improve sensitivity, resolution and delineation for volume, 
connectivity, and metabolite quantification.
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Conclusion: The NeuroMET project aims to improve diagnostic measurements for AD, 
which are important to better understand the effects of cognitive and brain reserve in detail.

20

Cognitive reserve and hippocampal diffusivity in cognitively healthy 
elderly people and MCI patients

Henf J.1,2, Brueggen K.2, Teipel S.1,2, for the Alzheimer‘s Disease Neuroimaging Initiative
1University Medicine Rostock, Rostock, Germany, 2German Center for Neurodegenerative Diseases (DZNE), 
Rostock, Germany

Introduction: A high Cognitive Reserve (CR) decreases the risk for dementia. CR is typical-
ly measured by proxies such as years of education, occupation status or intelligence. A dif-
fusion-tensor-imaging (DTI) study found that education mediated changes in hippocampal 
mean diffusivity (MD) in middle-aged healthy adults, suggesting a neuroprotective   effect 
of education on hippocampal microstructural integrity in healthy people. Contrary to this, 
in people with Alzheimer‘s disease (AD) pathology, a compensatory effect of CR has been 
revealed. Therefore, to further investigate the neuroprotective effect of CR on hippocampal 
MD, the association with neocortical Amyloid-β (Aβ) burden should be taken into account. 
The present study aimed at investigating the association between a comprehensive CR pro-
xy and hippocampal microstructural integrity in healthy elderly people and subjects with 
late mild cognitive impairment (LMCI) with and without neocortical amyloid burden. We 
expected a negative correlation of CR and hippocampal MD in  participants with a low Aβ 
burden, corroborating a neuroprotective effect of CR in healthy elders. In participants with 
high Aβ burden, we assumed this relationship to be reversed, suggesting a compensatory 
effect of CR in the presence of AD pathology.

Methods: We included 53 healthy subjects from the Alzheimer‘s disease Neuroimaging 
Initiative (ADNI) in the analysis, of which 16 were classified as Amyloid positive. Further, 
we included 42 LMCI subjects, of which 30 were classified as Amyloid positive. As a proxy 
for CR, we used a composite score including years of education, last occupation, and the 
American National Adult Reading Test. The CR score was entered in linear models as a 
predictor for hippocampal MD, including age, gender and a composite score of memory 
function as covariates.

Results/Discussion: In healthy participants with a high Aβ burden, we found a negative 
relationship between the CR score and MD of the left hippocampus. No significant associa-
tion was found in participants with low Aβ burden. Contrary  to our hypothesis, the negative 
relationship between CR and neuropathology in our sample rather supports the neuropro-
tective effect of CR in healthy participants with an emerging AD pathology. Results for the 
LMCI sample will be presented at the conference.
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Validation of a German version of the Lifetime of Experiences 
Questionnaire (LEQ) as a measurement of cognitive reserve - results of 
the DELCODE  study

Roeske S.1, Wolfsgruber S.1,2, Kleinadam L.1,2, Zulka L.2, Buerger K.3,4, Düzel E.5,6, Jessen 
F.1,7, Laske C.8,9, Nestor P.5, Peters O.10,11, Priller J.10,11, Schneider A.1,12, Spottke A.1,13, Teipel 
S.14,15, Wiltfang J.16,17, Kalbe E.18, Wagner M.1,2, DELCODE Study Group
1German Center for Neurodegenerative Diseases (DZNE, Bonn), Bonn, Germany, 2University Hospital 
of Bonn,  Department  of  Psychiatry  and  Psychotherapy,  Bonn,  Germany,  3German  Center  for  
Neurodegenerative  Diseases (DZNE, Munich), Munich, Germany, 4Klinikum der Universität München, 
Institute for Stroke and Dementia Research, Munich, Germany,  5German Center for Neurodegenerative 
Diseases (DZNE, Magdeburg), Magdeburg, Germany,  6Institute of Cognitive Neurology and Dementia 
Research (IKND), Magdeburg, Germany, 7University of Cologne, Medical Faculty, Department of Psychiatry, 
Cologne, Germany, 8German Center for Neurodegenerative Diseases (DZNE,  Tübingen), Tübingen, 
Germany, 9Hertie Institute for Clinical Brain Research and Department of Psychiatry and Psychotherapy, 
University of Tübingen, Section for Dementia Research, Tübingen, Germany, 10German Center for 
Neurodegenerative Diseases (DZNE, Berlin), Berlin, Germany, 11Charité - Universitätsmedizin Berlin, 
Department of Psychiatry and Psychotherapy, Berlin, Germany, 12University of Bonn, Department of 
Neurodegeneration and Geriatric Psychiatry, Bonn, Germany, 13University Hospital of Bonn, Department 
of Neurology, Bonn, Germany,  14German Center   for Neurodegenerative Diseases (DZNE, Rostock), 
Rostock, Germany,  15Rostock University Medical Center,  Department of Psychosomatic Medicine, Rostock, 
Germany, 16German Center for Neurodegenerative Diseases (DZNE, Göttingen), Göttingen, Germany, 
17University Medical Center Göttingen, Department of Psychiatry and Psychotherapy, Göttingen, Germany, 
18University Hospital Cologne, Department of Medical Psychology: Neuropsychology and Gender Studies & 
Center for Neuropsychological Diagnostics and Intervention (CeNDI), Cologne, Germany

The construct of cognitive reserve (CR) is an explanation of how neurodegenerative chan-
ges differ inter-individually in their impact on cognitive decline. As important components 
of CR, intelligence, educational and occupational attainment and lifestyle activities are con-
sidered. The Lifetime of Experiences Questionnaire (LEQ) has been established as a valid 
instrument for the assessment of complex mental activity across the lifespan. As there is 
currently no German version available, we adapted the Australian version for research in 
German speaking countries (LEQ-D) and examined its validity in the “DZNE longitudinal 
cognitive impairment and dementia study” (DELCODE).

Data from 394 subjects were analyzed (n=141 healthy controls, n=126 with Subjective Co-
gnitive Decline, n=65 with Mild Cognitive Impairment, n=40 mild Alzheimer´s disease (AD) 
patients, n=22 first degree relatives of AD patients; mean age =70.4 (SD=5.8), 47.2% male). 
Construct validity was examined by correlation of the total score and its lifetime specific 
sub-scores with level of formal education, vocabulary and other reserve parameters ob-
tained from detailed assessment of occupational history: cognitive and motivational re-
serve index, Occupational Cognitive Requirements Score (OCRS). In a subsample (n=140) 
with CSF biomarker data available, we employed hierarchical regression analyses to test  
whether the LEQ-D total score and/or its lifetime specific sub-scores moderate the relati-
onship between AD typical CSF pathology (Abeta42/Tau ratio) and cognitive performance 
via confirmatory factor analysis. 
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The LEQ-D total score showed positive moderate (r=0.40-0.55) correlations to years of 
education and occupational parameters and a lower correlation (r=0.28) to crystallized in-
telligence. Middle adulthood LEQ score was correlated highest (r=0.55-0.65) to the occu-
pational reserve parameters, followed by the young adulthood (r=0.4-0.5) subscore, while 
the late adulthood score only showed a small correlation (r=0.25-0.3) to these parameters.

Only the late life LEQ sub-score (contemporaneous complex mental activity), moderated 
the influence of AD-typical CSF pathology on cognitive performance such that the influence 
was less pronounced for participants with higher late life LEQ sub-scores in the domains 
of executive functioning (p=0.03) and verbal and working memory (both p=0.05). Similar    
results were observed for the OCRS score in executive functioning and verbal memory (p< 
0.05).

Overall, results of the present study speak to the validity of the LEQ-D as a measure of life-
span complex mental activity and further suggest that especially late life mental activity is 
a protective factor against the deleterious effects of AD pathology on cognition. However, 
such protective effects were also observed for higher OCRS scores. This may suggest that 
operationalization of cognitive reserve obtained during mid-life may require a more de-
tailed assessment of complex occupational mental activity.
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Virtual reality neurofeedback paradigm for the assessment of 
hippocampal hyperactivity and cognitive reserve 

Skouras S.1, Salvadó G.2, Anderson P.3, Falcon C.2, Koush Y.4, Torner J.5, Alpiste F.5, Gispert 
J.2, Molinuevo J.L.2 
1Pompeu Fabra University / Pasqual Maragall Foundation, Barcelonabeta Brain Research Center, Barcelona, 
Spain, 2Barcelonabeta Brain Research Center, Barcelona, Spain, 3Stockholm University, SUBIC, Stockholm, 
Sweden, 4Yale University, Department of Radiology and Biomedical Imaging, New Haven, United States, 
5Polytechnic University of Catalonia, School of Engineering, Barcelona,  Spain

Background: Capacity and efficiency have been proposed as components of neural reserve, 
itself a subcomponent of cognitive reserve. Hippocampal hyperactivity is a signature of 
MCI due to Alzheimer‘s disease (AD). Hyperactivity can be considered to reflect the extent 
of neural capacity that is already expended. Additionally, memory performance correlates 
with  neurofeedback  down-regulation  of  the  parahippocampal  formation.  We  propose  
a  neurofeedback  performance metric to assess hippocampal hyperactivity and investigate 
its relation to cognitive reserve.

Methods: Sixteen participants of a pilot study attended a virtual reality neurofeedback task 
that was designed to promote hippocampal down-regulation. 610 whole-brain real-time 
fMRI volumes were acquired at 3T with TR=3000ms. The hippocampal subfield CA1 of 
each participant had been identified using multi-atlas segmentation. Pearson‘s r between 
the mean CA1 activity of each participant and an optimal performance regressor that spe-
cified linearly decreasing activity, served as a metric of neurofeedback performance. Cog-
nitive reserve was estimated using a previously validated questionnaire comprising of 10 
questions addressing various intellectual influences. Subjects also underwent amyloid beta 
PET imaging and were classified into three groups: low, intermediate and high amyloid 
deposition. Cognitive reserve, age and neurofeedback performance were normalized. GLM 
was used to obtain the residual cognitive reserve (after the effects of age and sex) and to 
assess the correlation between residual cognitive reserve and neurofeedback performance. 
Bland-Altman plotting was used to assess the agreement between cognitive reserve and 
neurofeedback performance. The relation of the agreement to amyloid deposition was as-
sessed via parametric tests.

Results: Neurofeedback performance correlated with residual cognitive reserve only mo-
derately across the pilot sample (r = 0.449, p = 0.081) but significantly when excluding the 
seven amyloid negative subjects (r=0.757, p=0.018). Bland-Altman plotting suggested that 
only two amyloid-negative subjects were outside of the 95% limits of agreement. Regressi-
on between the agreement and PET centiloids (r=-0.063, p= 0.871) and a t-test comparing 
the agreement between amyloid positive subjects and the rest of the sample (t(14)=-0.551, 
p=0.591) suggested that amyloid deposition had no linear influence on the relation bet-
ween neurofeedback performance and cognitive reserve.

Conclusions: Although current sample size does not allow for reliable statistical inferen-
ce, preliminary results suggest that the designed neurofeedback performance metric of 
hippocampal hyperactivity may serve as a proxy of cognitive reserve in subjects at the 
beginning of the AD pathophysiological continuum. Data acquisition, for more than forty 
volunteers is expected to complete in October 2017 and further analyses have been imple-
mented with the aim of presenting more conclusive results at  ResDem2017.
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Neural basis of cognitive reserve: Role of education and bilingualism

Mekala S.1, Alladi S.2, Kenchaih R.2, Yarada S.J.3, Kashyap V.3, Surampudi B.4, Hornberger 
M.5, Kaul S.3, Tata Longitudinal Study of Cognitive Ageing
1Nizam‘s Institute of Medical Sciences, Neurology, Hyderabad, India, 2National Institute of Mental Health 
and Neurosciences (NIMHANS), Bengaluru, India, 3Nizam‘s Institute of Medical Sciences, Hyderabad, 
India, 4Hyderabad Central University, Hyderabad, India, 5University of East Anglia, Norwich, United 
Kingdom

Background: Education and more recently bilingualism are implicated as protective factors 
for dementia. There is a need to identify potential neural mechanisms that may under-
lie these effects. The aim of this study was to evaluate cognitive and neural correlates of 
education and bilingualism in a cohort of elderly people with variable levels of education 
and language use in the sociodemographically heterogeneous setting of India.

Methods: 72 community participants with no cognitive impairment and 35 subjects with 
dementia formed the study cohort. Subjects were participants of the Tata Longitudinal 
study of Cognitive ageing based in Hyderabad, India. Subjects underwent detailed clinical 
and cognitive evaluation. MRI brain scanning with MPRAGE sequence and diffusion tensor 
sequence was performed. FSL software was used for evaluation of cerebral white matter 
integrity: fractional anisotropy  (FA), radial diffusivity (RD), and mean diffusivity  (MD).

Results: Literates both with normal cognition and with dementia were associated with a 
better performance on domains of attention, working memory, semantic and episodic me-
mory compared to illiterates, and bilinguals were associated with better performance on at-
tention, working memory, executive and visuospatial functions compared to monolinguals.

Whole-brain voxel-wise comparisons demonstrated decrease in MD and RD in literates 
compared to illiterates with normal cognition and dementia. Increased FA was observed 
in literates with normal cognition. Bilinguals with dementia were associated with increase 
in MD and RD compared to monolinguals Conclusions: Acquisition of literacy appears to 
be associated with higher cognitive functioning and a profile (increased FA, decreased 
MD and RD) suggestive of better white matter microstructural integrity. Bilinguals with 
dementia had poor white matter integrity compared to monolinguals. Results indicate that 
plasticity of white matter microstructure may underlie development of cognitive reserve 
against dementia. Wide spread changes noted suggest synchronous operation of brain in 
relation to literacy and bilingualism. 
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Development and predictive validation of a composite score of 
cognitive reserve in the Cardiovascular  Health Study

Geary U.1, Udeh-Momoh C.1, Evans S.1, Wong M.M.1, McRae-McKee K.1, Anderson R.1

1Imperial College London, London, United  Kingdom

Background: Cognitive reserve (CR) is hypothesized modifier of the relationship between 
Alzheimer‘s disease (AD) pathology and the clinical diagnosis of disease, making CR an 
important factor to take into account in the design of pharmacotherapeutic clinical trials 
in AD.

A key obstacle for assessing CR is the lack of a validated, robust measurement tool. The 
major challenge to measuring CR is that, as a hypothetical construct, it cannot be measured 
directly. Latent variable models are a suitable method for measuring CR. However, very few 
studies have developed such models, and even fewer have developed theoretically robust 
models.

Aims: To generate a composite score of CR based on a latent variable analysis of multiple 
baseline indicators of CR, utilising data from older, cognitively normal, community-dwel-
ling adults from the U.S. in the Cardiovascular Health Study (CHS) cohort.

To assess the predictive role of the composite score of CR in relation to the long-term cog-
nitive outcome of participants.

Methods: The composite score of CR was generated using a confirmatory factor analysis 
(CFA) of three categorical indicator variables - education level, occupation and income le-
vel. The loadings (coefficients) estimated by the model for the indicator variables were used 
as weights to calculate a weighted sum of an individual‘s values for these three  variables, 
which constituted the composite score of CR.

Multivariate linear regression analyses were carried out to assess the predictive role of the 
CR composite score in relation to long-term cognitive outcome, adjusting for covariates. 
As data on AD or dementia diagnoses were not available for the CHS cohort, the outcome 
variable was operationalized as cognitive performance on the Modified Mini- Mental State 
examination (3MS) at study exit. Variable lengths of follow-up time were controlled for in 
the analysis.

Results: There was a highly statistically significant positive association between CR score 
and 3MS score at study exit, adjusted for covariates (n = 3,048, mean follow-up = 6.7 years, 
β = 1.01, p< 0.001).

A likelihood ratio test indicated that when the CR composite score was included as a pre-
dictor variable in the regression model instead of the three individual indicator variables, 
the model fitted the data significantly better (p< 0.001), further reinforcing the predictive 
role of the score.

Conclusions: A composite score of CR generated based on CFA of the indicator variables 
education, income and occupation, significantly predicted the cognitive performance at 
study exit of older adults who were cognitive normal at baseline. 
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Development and construct validity of the Chariot-PRO reserve 
composite: a multilevel neurocognitive  performance analysis

Udeh-Momoh C.1, Su B.1, Price G.1, Bassil D.1, Robb C.1, Newson R.1, Tzoulaki I.1, Perneczky 
R.1,2, Middleton L.1

1Imperial College London, London, United Kingdom, 2Ludwig-Maximilians University, Munich, Germany

Background: Alzheimer‘s disease (AD) is the most common form of dementia worldwide 
with no effective treatment identified. Numerous epidemiological studies suggest that gre-
ater reserve - cognitive or brain (CR or BR) may postpone the clinical expression of AD. 
However, the measurement of reserve has not been well established, especially within a 
multilevel data structure. The aim of the present study is to a) generate multi-indicator 
reserve composites using established reserve variables - lifestyle, structural and cognitive 
factors via unsupervised methods, and b) explore associations between the reserve compo-
sites and cognitive performance in relation to AD risk, denoted by carriage of the apolipo-
protein- ε4 allele (APOEε4).

Methods: 987 cognitively healthy older adults, aged 60-85, were screened for the CHA-
RIOT PRO: a prospective cohort study. Demographic, biological, medical, structural, cog-
nitive and lifestyle factors linked to AD prevention were collected   at study entry. Princi-
pal component analysis (PCA) was conducted to explore the structure of reserve variable 
loadings within generated components. Multivariate regression analyses were employed 
to examine relationships between the resultant latent constructs comprised of the factor 
loadings within each PCA, and neurocognitive abilities measured via performance in the 
multi-domain neurocognitive assessment - the Repeatable Battery for Assessment of Neu-
ropsychological  Status (RBANS).

Results: Cohort demographics revealed mean age: 68.5 years ± 2.31, 67% female; with 
25% APOEε4 allele carriers.

PCA identified three leading reserve component groups with eigenvalue >1.00; component 
1: years of education, current and midlife mental activity and premorbid IQ; component 2: 
occupation, personal income and head circumference; and component 3: current plus mid-
life leisure activity. Using cross-sectional data, the regression model adjusted for APOEε4 
status, gender, age, hypertension, hypercholesterolemia and the three reserve composite 
scores revealed significant positive associations (p< 0.05) between higher neurocognitive 
test performance and female gender, APOE ε4 non-carrier status, high component 1, high 
component 2 and high component 3.

Conclusion: We have developed and shown the validity of robust composites featuring 
multiple reserve indicators for distinguishing neurocognitive abilities within a pre-sympto-
matic cohort. Our data provides evidence to suggest that healthy elderly individuals with 
high levels of reserve (cognitive and brain) perform better in tests assessing global cogni-
tive performance, than their low reserve  counterparts.
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Towards an operational definition of cognitive lifestyle: A systematic 
review

Swann L.1, Matthews F.1,  Stephan B.1

1Newcastle University,  Newcastle, United Kingdom

Background: Though the concept of a cognitive lifestyle in relation to reserve is a topic of 
growing research interest, a consensus operational definition has not emerged. The current 
review aims to provide a comprehensive exploration of current definitions in the literature 
and their  commonalities.

Methods: A systematic review across PubMed, Embase, PsycInfo, Web of Science, and 
Scopus of cognitive lifestyle in relation to cognitive decline was conducted. The search 
identified 7,863 articles. Title and abstract screening eliminated 7,655 articles, and full-text 
screening eliminated 174: Finally, 34 studies met the inclusion criteria.

Results: Of the 34 papers reviewed, 21 included educational attainment construct mea-
sures (e.g. the number of years of full time education), 14 sociological position constructs 
(e.g. social class), 6 occupational complexity constructs, 4 cognitive abilities (e.g. premor-
bid IQ), and 19 engagement in leisure activities. An Additional 6 papers utilised tools de-
signed for the purpose of measuring reserve across the life course, e.g. the Lifetime of 
Experiences Questionnaire (LEQ).

Conclusions: This review highlights the profound heterogeneity in current definitions of 
cognitive lifestyle. Several operationalisations were identified in the present review, uti-
lising elements of several reserve constructs, and encapsulating a variety of life stages, 
ranging from one conceptual time period, to measures across the lifespan. However, the 
review further highlights some shared commonalities across definitions with regard to the 
identified constructs within each conceptual time period (educational attainment, socio-
logical position, occupational complexity, cognitive abilities, and engagement in leisure 
activities), thus enabling promising avenues towards a consensus definition of cognitive 
lifestyle.
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Environmental enrichment increases AMPAR GluR1 subunit and PSD-
95 expression but not improved learning and memory in male Wistar 
rats

Dita D.A.A.1, Kartinah N.T.1, Paramita N.1, Kodariah  R.2

1Universitas Indonesia, Physiology, Jakata Pusat, Indonesia, 2Universitas Indonesia, Anatomic Pathology, 
Jakata Pusat, Indonesia

Experience-dependent plasticity is thought to involve selective change in pre-existing brain 
circuits, involving synaptic plasticity. One model for looking at experience-dependent pla-
sticity is environmental enrichment (EE), where animals are exposed to a complex novel 
environment. The present study assessed the effect of 3 hours EE exposure per day on the 
performance in spatial memory task using water-E maze and quantified potential synaptic 
plasticity throughout the hippocampus of 6 month-old male wistar rats using immunohis-
tochemistry for two protein, AMPAR GluR1 subunit and PSD-95. A six-week in vivo expe-
rimental study on male Wistar rats were housed under isolation, aerobic exercise, enrich-
ment, and enrichment plus aerobic exercise.  Behavioral results showed that the enriched  
group, achieved no better performance in time travelled and in total errors. EE resulted in 
increased AMPAR GluR1 subunit and PSD-95 expression in CA1 hippocampus. The results 
demonstrate that environmental enrichment results in an increase of post- synaptic, also 
receptor protein in hippocampus, and it is possible that such changes represent the under-
lying synaptic plasticity occurring in EE.
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Pioglitazone alleviates synapse loss via suppressing complement-
dependent pathway in a preclinical model of Alzheimer‘s disease

Shi Y.1,2,3, Dorostkar M.M.1,2,4, Herms  J.1,2,4

1Ludwig Maximilian University of Munich, Center for Neuropathology and Prion Research, Munich, 
Germany, 2German Center for Neurodegenerative Diseases (DZNE), Munich, Germany, 3Ludwig Maximilian 
University of Munich, Munich Medical Research School, Munich, Germany, 4Munich Cluster for Systems 
Neurology (SyNergy), Munich, Germany

The cognitive decline in Alzheimer‘s disease (AD) is attributed to reduced numbers of neu-
ronal synaptic structures or the synaptic malfunction, most likely related to the neuroin-
flammatory response in the AD pathology. Our previous studies have demonstrated that 
anti-inflammatory treatment with pioglitazone, a PPAR-gamma agonist, successfully res-
cues the impaired synaptic plasticity during enriched environment in a transgenic mouse 
model of AD. Given that rapidly growing evidence suggests that the inflammation-related 
classical complement cascade, initiated by the pattern-recognition protein C1q, contributes 
to the synapse elimination in AD, we further investigated whether pioglitazone rescues the  
synaptic pathology via suppressing complement-dependent pathway. We quantified the 
synaptic marker VGLUT1 and the initiating protein of the classical complement cascade 
C1q immunohistochemically in cortical and hippocampal areas by automatically detecting 
and counting VGLUT1 and C1q positive punctae using morphological image analysis routi-
nes. Both male and female AD/ wild-type mice were assigned to the vehicle and treatment 
groups, which received daily vehicle or pioglitazone treatment for five months. Our results 
showed that in vehicle-treated AD transgenic mice, the densities of VGLUT1-positive pun-
ctae were significantly reduced, while the densities of C1q-positive punctae were highly 
up-regulated in certain brain regions compared to non-transgenic controls. Anti-inflammat-
ory treatment with pioglitazone alleviated the reduction of VGLUT1-positive punctae and 
suppressed the accumulation of C1q in the respective brain regions of AD transgenic mice, 
while had no significant influence in the wild-type mice. Together, these findings reveal the 
role of pioglitazone in improving cognitive function in AD by attenuating complement-me-
diated synapse loss, which provides novel insight into the molecular and synaptic mecha-
nisms for pioglitazone-mediated cognitive improvement in  AD.
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Ratio tTau/Amyloid beta 1-42 as progression marker for Alzheimer’s 
Disease: A 10 Year Follow-Up Study

Diesing D.1, Klostermann A.1, Klöppel S.2, Kornhuber J.3, Wiltfang J.4, Peters O.1,5

1Department of Psychiatry, Charité, Berlin, Germany, 2Department of Psychiatry, Bern, Switzerland, 
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Center for Neurodegenerative Diseases (DZNE) Berlin, Germany

Background: Alzheimer’s disease (AD) is a neurodegenerative disorder that often progres-
ses slowly. There is a lack of studies investigating reliable biomarkers predicting long-term 
development of dementia. In this study we followed up MCI (mild cognitive impairment) 
patients on average 10 years after baseline. Multimodal parameters including cerebros-
pinal fluid (CSF) markers, volumetric MRI and a detailed neuropsychological test battery 
were analyzed

Methods: We reassessed MCI patients (n = 178) belonging to the cohort of the multi-cen-
tered German Dementia Competence Network (DCN).  Single and multi-domain, amnestic 
and non-amnestic MCI was defined as CDR (Clinical Dementia Rating) = 0.5 and SD < -1 
in any CERAD subdomain. Progression to dementia required a deterioration in CDR (Delta 
CDR) between baseline and follow up of ≥ 0.5. Diagnostic accuracy of a priori defined sing-
le biomarkers was calculated using a support vector machine and 100 bootstrapping repli-
cations. We also compared AUC of ROC with regard to superiority of prediction capacity 
between each single marker and incremental value of two- to four-parameter combination 
models.

Results: 48% of the MCI patients progressed to AD dementia within 10 years on average 
after baseline and met NINCDS-ADRDA criteria at follow up. Top 5 best single predictors 
were Ratio tTau/Amyloid-beta-42 with an AUC of 0.701. Bayer Activities of Daily Living 
(BADL) (AUC = 0.663), Ratio amyloid-beta-42/40 (AUC = 0.638), Delayed Logical Memory 
subtest from the CERAD test battery (AUC = 0.587), CDR-SB (AUC = 0.565) and hippocam-
pal volume (AUC = 0.558). Regarding models of multimodal marker combinations, tTau/
Aß42 ratio and BADL was the best two parameter predictor (AUC = 0.795), tTau/Aß42 ratio, 
CDR-SB and BADL the best three parameter predictor (AUC = 0.819) and APOE4, tTau/
Aß42 ratio, BADL and CDR-SB the best four parameter predictor (AUC = 0.821). 

Conclusion: After a decade about 50% of MCI patients in our cohort progressed to AD 
dementia. Analysis of multimodal single and multiple parameters revealed ratio tTau/Aß42 
as the most reliable predictor of disease progression on the long run.

 




