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Abstract

The presymptomatic phase of neurodegeneratives#iseae characterised by structural brain
changes without significant clinical features. @e aut to investigate the contribution of functibna
network resilience to preserved cognition in prexgiomatic genetic frontotemporal dementia. We
studied 172 people from families carrying genetin@malities in C9orf72, MAPT or PGRN.
Networks were extracted from functional MRI data assessed using graph theoretical analysis.
We found that despite loss of both brain volume faimdtional connections, there is maintenance of
an efficient topological organisation of the braifunctional network in the years leading up to the
estimated age of frontotemporal dementia symptosew#dfter this point, functional network
efficiency declines markedly. Reduction in conndotess was most marked in highly connected
hub regions. Measures of topological efficiencyhaf brain’s functional network and organisation
predicted cognitive dysfunction in domains relai@dymptomatic frontotemporal dementia and
connectivity correlated with brain volume loss liarftotemporal dementia. We propose that
maintaining the efficient organisation of the bimifunctional network supports cognitive health

even as atrophy and connectivity decline pre-symptaally.

Keywords. Frontotemporal dementia; Genetics; Connectivitypdtional imaging; Cognition



1. Introduction

Many neurodegenerative dementias begin their natiofpgy years or even decades before the
onset of symptoms. The evidence of pre-symptonpailcology comes from changes in structural
brain imaging, PET ligands that bind to patholobprateins, and abnormal cerebrospinal fluid and
blood biomarkers®. However, it is not clear why people with signéfitt progressive
neurodegeneration and brain volume loss remaindfregmptoms for so long, or develop
symptoms when they do. To address this issue vessessg functional network resilience in the

Genetic Frontotemporal Dementia Initiative (GEN&short.

Network resilience derives from the robust andcedfit arrangement of connections between brain
regiond. This arrangement is characterised by the presefiuighly connected hub&in a ‘small
world’ arrangement which minimises the topologidistance (also called path length) between
parts of the network. This path length can be useatkrive measures of global or regional network
efficiency. Networks that have an efficient smatingd topology are intrinsically robust to processes

that damage the network by removing network node®onections

Examining the network organisation of the brain pass/ided critical insights into neurocognitive
developmerf; and diverse disorders of the nervous system frantiple sclerosis™® depressioft,
schizophreni¥ and autisrt, to multiple neurodegenerative diseases inclutfimgtotemporal
dementia (FTDY ¢ Alzheimer’s disease, Parkinson’s disé&3% and Progressive Supranuclear
Palsy®'® In patients, altered network connectivity is dstently associated with the loss of

A% or reduced response to treatniéfit In contrast, here we assess whether

cognitive functio
network integration provides resilience at easigages of the disease process, with the maintenance
of cognitive well-being, even in the presence dalekshed neuropathology and brain atrophy. To
be more specific, we assess functional networkieese, which is defined as the maintenance of
the topological properties of a functional braitwak in the context of structural changes to the

brain.

We identified functional brain networks from furartal MRI1 (fMRI) images, using the Blood
Oxygen Level Dependent effect as an indirect meastineural activity. The advent of task-free
fMRI (also called “resting state” fMRA} has facilitated the analysis of brain functiors@verely
impaired clinical groups while retaining a stromgationship to functionally defined brain
networks. The connectoATalerived from task-free fMRI is robust, reprodueilaind capable of
generating brain networks analogous to other plygical techniques such as EEG or

Magnetoencephalograptiy



We used task-free fMRI to assess people with gefrettotemporal dementia and their first-

degree relatives in whom approximately half calngy familial gene abnormality. Our cohort

included mutations or expansions in the three mggmes associated with FTD: PGRN, MAPT,
C9orf72. We tested the hypothesis that, prior &abe of symptom onset in genetic FTD,

functional network resilience arises from the mematnce of an efficient network topology
preserving cognitive function in the context of gmessive pathology assessed by brain volume loss.
From the age of symptom onset we would expectdase of functional network resilience, with a

decline in network efficiency and connectivity glation to both brain volume loss and cognitive
function.



2. Materialsand Methods

Subjects were recruited as part of the multi-cemternational Genetic Frontotemporal Dementia
Initiative (GENFI) and underwent a standardisegsssient3. The age of expected symptom onset
was defined as the mean within each family, wheckignificantly correlated among affected
relatives3. Echo-Planar Imaging and Magnetizatip&ed Rapid Gradient Echo (MPRAGE)
were acquired at each centre. Analogous imagingesexs were acquired at each GENFI study
site accommodating different manufacturers and s¢lengths (1.5T and 3T). Echo-planar images
were acquired over at least 300s with a mediarlb6§ JIQR 309-440) and had a median Repetition
Time (TR) of 2200ms (2200ms-3000ms), echo timeQonS, in-plane resolution of 2.75x2.75mm
(2.75-3.31 x 2.75-3.31), slice thickness of 3.3n32043.3). MPRAGE images were obtained during

the same acquisition.

Image preprocessing used MPRAGE images to gengtaa@sformation to register images to
Montreal Neurological Institute (MNI) standard spaga a study-specific template using
Diffeomorephic Anatomical Registration Through Erpatiated Lie algebra (DARTEL)
implemented in SPM12 (www.fil.ion.ucl.ac.uk/spmitsadre/spm12/). This transformation was
applied to co-registered functional images. Fumaiomage pre-processing was performed using
the brainwavelet pipeline (www.brainwavelet.orgdliding slice-time correction, regression of
cerebrospinal fluid, white matter, movement paramseand their derivatives, and despiking using a
wavelet algorithm. Identification of motion outlgefor exclusion used the spike percentage
threshold, defined as the percentage of the tirressgr which spikes were identified during the
wavelet despiking process. The spike percentagstibid was set at 10% at which level the
removal of subjects did not significantly change tlonnection strength measured across all
subjects.

Each subject's brain volume was parcellated irDtbd&pproximately equally sized regions using a
centroidal Voronoi tessalatidh Of the 500 regions, 29 were insufficiently covkire some or all
subjects, leaving 471 regions for further analyBige fMRI signal timeseries within each parcel

was bandpass filtered using a wavelet scale of/GW6125Hz.

Graph theoretical analysis was applied to networknectivity, the wavelet cross-correlation was
used as a measure of the strength of each conneligdworks were then analysed in terms of
connection strength, efficiency and connectedr@ssph analysis used the Maybrain package
(github.com/RittmanResearch/maybrain). We defimrmthection strength as the sum of nodal

connection strength (also called weighted degrak)es of all the network's nodes. To capture the



property of network efficiency, we use measuregtas path length. The global efficiency is
defined as the sum of the inverse path lengthalfarodes in a network. The analogous nodal
measure of closeness centrality is defined asuhred the path lengths for each node to all other
network nodes. Efficiency measures were normabgginst the mean value generated from 500
graphs with an identical degree distribution antlcan connections. We assessed atrophy by
calculating the percentage brain volume or regienhlme compared to the total intracranial
volume. Hubs were defined in the gene negativegesubrain regions with connection strength

two standard deviations greater than other regions.

Because network measures are not independentdwetiapply correction for multiple
comparisons. Group comparisons between the geniercand FTD group were performed for each
network measure using a mixed effects linear madtél diagnostic group as the main effect, age as
a dependent variable, and scan site and gene syadom variables using the Imer package in R.
We included the gene negative group in all mode|sroperly estimate the effect of age. We then
assessed group differences by specifying an apptepontrast between the gene carrier group and
FTD groups. The Sattherthwaite estimate of effectiggrees of freedom enabled calculation of
significance values. In order to assess the relslip between estimated age at onset and network
measures we extended the linear mixed effects nigdelcluding an interaction term between the

diagnostic group and estimated time to symptomtonse



3. Results

Twenty-nine people with genetic FTD were recruitg? C9orf72, 11 MAPT, 6 PGRN), 70
unaffected relatives carrying the same mutatiorwlleefer to as “gene carriers” (17 C9orf72, 13
MAPT, 40 PGRN) and 86 relatives without the mutatieferred to as “gene negative”. During
image processing 13 subjects were removed beceseassive motion, 5 with FTD (1 C9orf72, 2
MAPT, 2 PGRN), 2 gene carriers (2 PGRN) and 6 gezgative. The remaining 172 subjects were
taken forward for analysis: 24 FTD, 68 gene cas(i80 gene negative. Demographic information is
shown in table 1. The FTD clinical syndromes wéehavioural variant FTD n=20, FTD-Motor

Neuron Disease n=1, Primary Progressive Aphasiaaer@entia not otherwise specified=1.

3.1 Differencesin network connectivity and efficiency between groups

To assess the difference in global network progettietween the gene negative, gene carriers and
FTD groups, brain networks were assessed for coionestrength and global efficiency, shown in
figure 1. The FTD group (mean connection stren@h8) was less well connected compared with
gene carrier (149.4, p=0.01) and gene negativepgr@li7.1, p=0.02). Gene carriers (mean global
efficiency 0.88) had a higher global efficiencatithe gene negative group (0.86, p=0.004) but
there was no differences in global efficiency iy ather comparison (FTD 0.86). We found similar
regional reduction in connectivity in frontal lobésmporal lobes, occipital lobes, and cingulate
cortices, cerebellum and insula cortices in the [gf@up compared with gene carriers; increased
efficiency (closeness centrality) in all brain i@gs in the gene carrier group compared with the
gene negative group, and reduced efficiency irotiegpital cortex in FTD compared with gene

carriers; see figures 2 and 3 and eTable 1.

To assess whether regional network properties wotllgdence change in network properties we
examined the most highly connected ‘hub’ regionsdBfinition, hubs were more connected than
non-hubs; however the difference in connectiomgfife between hubs and non-hubs was
significantly smaller in the FTD group (p=0.02)ggesting that hubs were weaker in the FTD
group. The difference in efficiency measured byseleess centrality between hubs and non-hubs
was abolished in the FTD group (effect size 0.0Q2%.5) compared with gene carriers (effect size
-0.01, p<0.00001); the difference between thesiftbeing significant (p=0.001).

3.2 Disease progression and network measures
To test the relationship between between networksues and disease progression we began by

estimating the temporal relationships between netweeasures and symptom onset. There were



no simple linear relationships of time to the estiad age of symptom onset with connection

strength (p=0.6) or global efficiency (p=0.17).

We then tested whether there may be a non-linedindan network properties. We assessed
whether a breakpoint existed in the relationshigvben estimated time to symptom onset and
network measures at the estimated time of symptwgetaising piecewise regression analysis.
There was no significant breakpoint in network nuees at the estimated time of onset in
connection strength for the whole brain (p=0.9%y brain region, see figure 2 and eResults. For
global efficiency we found a significant breakpajpt0.009) suggesting that global efficiency
starts to decline at the time of symptom onsetfigeee 1. We saw similar breakpoints for
efficiency in the frontal lobes, parietal lobescipital lobes and cingulate cortex, see figure @ an
eResults. These results suggest that network tgpaleclines in a dramatic fashion at the point of

transition from pre-sympomatic to symptomatic FTD.

3.3 Functional network resilience to brain atrophy

We assessed whether connection strength and neéffariency was associated with brain volume
loss, see figure 4. Connection strength correlai#id reduced brain volume in the FTD group
(r=0.47, p=0.0002). This correlation differed sigantly from the non-significant relationship
between connection strength in the gene carriengpyfr=0.031, p=0.6, difference between
interactions (p=0.001). Similar differences werersi the frontal, temporal and parietal lobes, see

fig 4 and eResults.

There was no relationship between global efficienaye FTD group and whole brain atrophy
(p=0.2), and no interaction between the FTD grawp @ene carriers on the relationship between
global efficiency and whole brain atrophy (p=0I8h brain regions demonstrated a relationship

between global efficiency and whole brain or regicatrophy.

3.4 Relationship between network propertiesand cognitive function

Clinical scores are shown in table 2. As expedtedet were no significant differences between gene
negative and gene carriers, whereas all measumesmarkedly impaired in the FTD group
compared to the gene carrier group (p <0.0001lf@oanparisons). The relationship between
clinical test scores and years from expected omastnot clearly linear in the FTD group,
suggestive of an acute decline in ability at diag®moather than a continuous linear association.



We found strong relationships in the FTD group aifreection strength with both MMSE (p=0.002)
and Trails A (p=0.0002) and a difference in thatiehships between the FTD and gene carrier
groups for both cognitive measures (MMSE: p=0.004ils A: p=0.0006), although there were

possible ceiling effects in the gene carrier groaoth these tests, see eTable 3 for full results.

For digit span and verbal fluency, we observedatiomship between connection strength and test
performance across both FTD and gene carrier groapined, but no difference in the

relationship between groups: digit span (p=0.08jegorical verbal fluency (p=0.03) and letter
verbal fluency (p=0.01). This suggests that a tdsnnectivity prior to the onset of clinical
symptoms is relevant to declining cognitive perfanoe in these tests. Of note, we included age as
a covariate in these models, to reduce the likebhihat age explained these results.

Higher global efficiency was associated with bepterformance on the MMSE in the gene carrier
group (p<0.001), but there was no such relationshtpe FTD group (p=0.053); the difference in
the effect between groups was significant (p=0.0%Bgre was a decline in performance on Trails
B with reduced global efficiency in the FTD groys=0.02), although the difference in this
relationship from the gene carrier group did nackesignificance (p=0.1). There was no other

significant relationship between global efficieranyd cognitive performance.

Finally, we tested whether region specific measuoright correlate with cognitive scores, shown in
eTable 3. Both MMSE and Trials A demonstrated ciest relationships with connection strength
in FTD and significant difference from the generi@rgroup (occipital lobe, temporal lobe, insula,
cingulate, hippocampus) similar to the whole brasults. However, these tests demonstrate

marked ceiling effects which may limit the inter@at&on of these results.

Worse performance on forward digit span was rel&deaalloss of connection strength in the parietal
lobe in FTD, and in the Boston naming test witlslo§ connection strength in the occipital lobe.

Both these relationships differed significantlyrfrehe gene carrier group; see eTable 3.

For the network efficiency measure of closenessrakty, the Trials B test that requires signifitan
working memory was related to network efficiencythe hippocampus, and this relationship
differed significantly from the gene carrier grogee eTable 3. Similar to connection strength,
there was a relationship between efficiency and NMENdSore, and a significant difference in this

relationship compared to the gene carrier groupenoccipital lobe, cerebellum and insula.



Taken together, the correlations with cognitiveressuggest that changes to specific brain regions
of connection strength and efficiency may be rai¢va specific cognitive functions, particularly in
the Trails B, forward digit span and Boston nantagks.



4. Discussion

We demonstrate that the brain can function nornfallyognitive well-being despite substantial
pre-symptomatic neurodegenerative disease if incaimtain efficient information processing
through functional connections, but that brain reeknefficiency declines sharply around the time
of symptom onset. The loss of network efficiencynigst severe in highly connected hub regions
and regional changes in network efficiency are @ased with worsening of cognitive deficits
associated with FTD. We propose that interventoiureng the crucial pre-symptomatic period of
neurodegenerative disease could be effective yf pihemote the maintenance or resilience of the

brain’s intrinsically efficient arrangement of furemal network connections.

Our findings challenge the concept that functiateficits mirror structural change early in the
disease process. This is not to say that structheaiges are irrelevant to brain functfom

However, many years before symptom onset therdeaross changes in brain structure and CSF
biomarkers that indicate an active neuropatholégiczcesses and atrophy, both in familial
neurodegenerative disea3é*>'and in sporadic disease such as early Alzheindés&ase and
MCI327** We therefore tested whether resilience of bratwork organisation can explain the

discrepancy between changes in structure and cogfuinction.

The brain’s resilience to structural change in gysyptomatic disease might depend on topological
resilience or active compensation. We proposettpatiogical resilience provides a greater
contribution for several reasons. In common witmynacological and man-made networks, the
brain’s network has a ‘small world’ configuratidmat balances the metabolic costs of long distance
connections between any two points in the netwpath length) and shared connections between
locally connected nodes (clusterifiyj> Highly connected hubs are essential to smallavorl
networks. In the brain they are metabolically a£fii’ and play a role in efficient integration of
information between region$3*>° The presence of hubs mean that small world nés\vare

resilient to targeted and random network attjasen if the hubs themselves are more prone to the
effects of neuropatholody¥

The concept of functional network resilience isselly linked and overlapping with the concepts of
cognitive reserve, brain reserve and brain maimtegia Our definition of functional resilience is
closely aligned with cognitive reserve, which isialtifaceted concept that educational, social and
exercise lead to maintained cognitive abilitieshi@ context of ageing or neurodegeneréfion
There is preliminary evidence that cognitive resgat least as estimated from academic and

occupational attainments) ameliorates the cognithfmct of neurodegenerative disease, or against



reaching the threshold for diagnosis of neurodeggive diseas&** Indeed, higher cognitive
reserve (estimated by years of education) is astatith slower atrophy and later symptom onset
in familial FTD associated with TPD-#3 This effect is moderated by genetic factors (TMEGB
genotype), with many questions remaining as tarteehanisms of effect of cognitive reserve. It is
likely that functional brain imaging reflects asfzeof cognitive reserv& but these are not yet well
established. It is beyond the scope of this stodgéntify the effect of education on functional
network resilience, or the genetic moderators ohsan effect. As a cross-section study, possible
cohort-effects mean that differences in cogniteserve between younger and older gene carriers
cannot wholly be ruled out as a contributor tortregntenance of global efficiency we observe.
However, the stability of global efficiency in tlyears leading up to symptom onset (figure 1),
averages across subjects with differences in emuncanhd occupation reserve at any given range of

years from expected onset of symptoms.

We found a complex relationship between functiawainectivity and brain volume loss. In the
FTD group a relatively small reduction in connetgirength was correlated with a much greater
reduction in brain volume, which was not the caspresymptomatic or gene negative participants.
One intriguing possibility is that premorbid contien strength influences the rate of volume loss
in disease. This echoes previous studies showatgspecific brain network and connectivity
patterns influence the pattern of brain atrophy m&wropathology in a range of neurodegenerative

disease®*’,

We assessed whether clinical measures of diseasld welp us to relate domains of cognitive
function to the changes we observed in functioefivork resilience. In general, the associations
were not strong, which may relate to the globalireabf the network measures we assessed in
comparison to the more specific and localisabl@achil measures. However, we identified a decline
in verbal fluency in relation to connection strdntjtat may reflect subtle pre-symptomatic
cognitive impairment. We found relationships betwtxal measures of network connectivity with
the Boston naming test in the occipital lobe argitdipan in the parietal lobe. We are cautious
about interpreting these results given the relgtiveeak associations and the seeming mismatch in
localisation. It is likely that more local or netikespecific measures of network integrity would be
better associated with cognitive tests.

Our study has several important limitations. Cahoftgenetic dementia are rare and despite a
coordinated multinational recruitment effort themher of subjects is relatively small, although
larger than many comparable studies of functioearoimaging in dementia. This study was cross-



sectional rather than longitudinal, therefore adieience of change over time are based on the
assumption of a similar starting value and ratehainge between individuals. fMRI has been often
open to criticism as a technique since it measamasdirect measure of Blood Oxygen Level
Dependent as a surrogate for neuronal acffyityhas a poor frequency resolution, and it may be
affected by movement of subjects within the scaribespite these limitations it has proven to be a
valuable and useful tool to interrogate brain neks@nd produces network data comparable to
other techniques such as EEG or MEGhere were more females in the FTD group comp&red
males, although comparison across the three gi@epe negative, carriers and FTD) was not
significant. Whilst a more balanced cohort woulddeal, we consider that the effects of FTD
would outweigh any subtle gender effects, and geddferences would not explain the differences
between gene carriers and gene negative partisipant

5. Conclusions

We propose that the maintenance of functional bmatworks underlies the resilience of the brain
to neurodegenerative pathology in the presencgyoificant neuronal loss. We suggest that
resilient topological organisation rather thanatompensation is the main contributor to this
resilience. Our findings suggest a window of oppaity to intervene in the pre-symptomatic stage
of neurodegenerative diseases, including treatstestiegies that promote efficiency and

integration in the brain’s functional brain netwsrven in the presence of progressive atrophy.
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Figurelegends

Figure 1:

Connection strength isreduced in genetic FTD compared to asymptomatic gene carrying
relatives

Differences between the genetic FTD group and pmggsomatic gene carrying relatives
demonstrate reduced connection strength using ach@itects linear model (p=0.01) with no
difference in global efficiency (p=0.2). The resuibr individual genes are shown for completeness,
though we would be cautious in interpreting thesaiits given the small group sizes. Using a
simple t-test, there was significantly reduced @mion strength in the PGRN FTD group
(p<0.00001) and global efficiency in the MAPT FTibgp (p=0.02). In order to assess whether
there was a non-linear relationship between netwueksures and time to the estimated age of
symptom onset, we performed discontinuous breakpmialysis. There was a significant
breakpoint in global efficiency (p=0.009), but ot connection strength (p=0.9). Significance
values: *<0.05, **<0.01, ***<0.001, ****<0.0001.

Figure 2:

Although relevant brain regions demonstrate reduced connectivity in FTD thereisno

significant change at symptom onset

For each brain region the difference in connecsimength between gene carrier and FTD groups
are presented, significant values were calculasatgua mixed-effects linear regression model.
There were significant differences in the frontaimporal, occipital, cingulate and insula cortices
(see eResults). However, no brain region demoestasignificant breakpoint in connect strength
at the age of symptom onset (using a piecewisaiiregression model). Significance values:
*<0.05, **<0.01, ***<0.001, ****<0.0001.

Figure 3:

Brain regions demonstrate both reduced efficiency in FTD and a significant declinein

efficiency beginning at symptom onset

for each brain region the difference in closenesgrality between gene carrier and FTD groups are
presented, significant values were calculated uasingxed-effects linear regression model (see
eResults). There were significant differences enftbhntal, temporal, occipital, cerebellar and
cingulate cortices. In contrast to the connectivésults, there were significant breakpoints in
closeness centrality at the age of symptom ondebimal, temporal, parietal, occipital and

cingulate cortices. These findings suggest thaffatient brain structure is maintained in these



brain regions up to the time that symptoms of Fhizeye, but that the efficient structure rapidly

breaks down thereatfter.

Figure 4:

Whole brain atophy and the atrophy in relevant brain regionsis correlated with the loss of
connectivity only after symptom onset

we examined whether the volume of the whole brathlarain regions were associated with loss of
connection strength. There was a relationship beEtwelume and connection strength in the whole
brain (p=0.0002), frontal lobe (p=0.005) and tengptzbes (p<0.00001) in the FTD group only
and not in the gene carrier group; in each cage thas a significant difference between the
relationship in the FTD group and gene carrier geofwhole brain p=0.001; frontal lobes p=0.02;
temporal lobes p=0.0002). Significance values: 80**<0.01, ***<0.001, ****<0.0001.



Tables

Pvalue |Genenegative Genecarriers FTD
Age, years (sd) <0.0000%47.8 (15.5) 44.5 (12.3) 62.4 (8.6)
Sex (M/F) ns* 49(61%) / 31(39%) 40(59%) / 28(41%) (29%) / 17(71%)
Hand (L/R/Ambi) | ns 74(93%) / 5(6%) / 158(85%) / 8(12%) / 222(92%) / 2(8%) / C
(1%) (3%) (0%)
Education, years (sd)s 13.7 (3.5) 13.8 (3.2) 12.2 (4.5)

Table 1: Demographics for subjects included inahalysis. For parametric data analysis of
variance was used and we report the mean, andathéasd deviation in parentheses. For
categorical data the chi-square test was used anéport the numbers in each category. As
expected, people with FTD were older than both gemeers (p<0.00001) and gene negative
subjects (p<0.00001). *Although sex differencesenmot significant when tested across all three
groups, pairwise tests confirmed that there wenefanen in the FTD patient group compared with
both the gene carrier (p=0.02) and gene negativ@.Qd) groups. FTD = frontotemporal dementia,
ns = non-significant >0.1.



Gene negative Gene carriers FTD
MMSE 29.2 (1.4) 29.1 (1.5) 22.3 (6.3)
Log Immediate Memory 0.08 (1.02) 0.08 (0.84) -201)
Log Delayed Memory 0.08 (0.98) -0.04 (0.77) -2.089)
Forward Digit Span 0.02 (0.97) -0.03 (2) -1.2140.4
Backwards Digit Span 0.01 (0.99) -0.12 (0.9) -1(719)
Trails A 0.2 (0.91) 0.29 (0.58) -2.49 (2.49)
Trails B 0.16 (0.91) 0.24 (0.88) -2.49 (1.34)
Digit Symbol Task 0.25(1.12) 0.27 (0.95) -1.984@).
Boston Naming Task 0.15 (0.88) 0.03 (1.1) -3.58@2.
Verbal Fluency (Category) 0.14 (1.02) 0.16 (0.91) 2.04 (0.9)
Verbal Fluency (Letter) -0.06 (1.01) -0.05 (1.2) .64£(0.96)
Block Design Task 0.01 (1) 0.17 (0.98) -2.05 (0.97)

Table 2: Mean clinical scores for each group wiindard deviation shown in parentheses. The raw
MMSE score is shown and z-score for other measiiresse scores are corrected for language, but

not for other demographics.



*GENFI consortium members:

Sonia Afonso - Instituto Ciencias Nucleares Aplesd Saude, Universidade de Coimbra,
Coimbra, Portugal; sgafonso90@hotmail.com

Maria Rosario Almeida - Faculty of Medicine, idersity of Coimbra, Coimbra, Portugal;
mralmeida2008@gmail.com

Sarah Anderl-Straub — Department of Neuroladpyyversity of UIm, Ulm, Germany;
sarah.straub@uni-ulm.de

Christin Andersson - Department of Clinical Ikescience, Karolinska Institutet,
Stockholm, Sweden; christin.andersson@karolinska.se

Anna Antonell - Alzheimer’s disease and Othegfitive Disorders Unit, Neurology
Service, Hospital Clinic, Barcelona, Spain; antt@elinic.cat

Silvana Archetti — Biotechnology Laboratory,gaetment of Diagnostics, Spedali Civili
Hospital, Brescia, Italy; archetti.s@tiscali.it

Andrea Arighi - Fondazione IRCCS Ca’ Granda €gpe Maggiore Policlinico,
Neurodegenerative Diseases Unit, Milan, Italy; @nsity of Milan, Centro Dino Ferrari,
Milan, Italy; andrea.arighi@yahoo.it

Mircea Balasa - Alzheimer’s disease and Otlegritive Disorders Unit, Neurology
Service, Hospital Clinic, Barcelona, Spain; mba@shnic.ub.es

Myriam Barandiaran - Cognitive Disorders URiepartment of Neurology, Donostia
University Hospital, San Sebastian, Gipuzkoa, Sgdeuroscience Area, Biodonostia
Health Research Insitute, San Sebastian, Gipu8quain;
myriam.barandiaranamillano@osakidetza.eus

Nuria Bargall6 - Imaging Diagnostic Center, Hibal Clinic, Barcelona, Spain;
bargallo@clinic.ub.es

Robart Bartha - Department of Medical Biophgsithe University of Western Ontario,
London, Ontario, Canada; Centre for Functional lsietibolic Mapping, Robarts Research
Institute, The University of Western Ontario, Lomd®ntario, Canada,;
rob.bartha@imaging.robarts.ca

Benjamin Bender -Department of Diagnostic artdriventional Neuroradiology,
University of Tibingen, Tubingen, Germany; benjatmémder@med.uni-tuebingen.de

Luisa Benussi - Istituto di Ricovero e Curaaditere Scientifico Istituto Centro San
Giovanni di Dio Fatebenefratelli, Brescia, Italgehussi@fatebenefratelli.eu only if DF1 or
2 data included

Valentina Bessi - Department of NeurosciensgcRology, Drug Research, and Child
Health, University of Florence, Florence, Italyjyii DF1 or 2 data included

Giuliano Binetti - Istituto di Ricovero e CuaaCarattere Scientifico Istituto Centro San
Giovanni di Dio Fatebenefratelli, Brescia, Italygigetti@fatebenefratelli.eu only if DF1 or
2 data included

Sandra Black -Sunnybrook Health Sciences Ce8trenybrook Research Institute,
University of Toronto, Toronto, Canada; sandrak@sunnybrook.ca

Martina Bocchetta — Dementia Research Centepament of Neurodegenerative
Disease, UCL Institute of Neurology, Queen Squaoedon, UK; m.bocchetta@ucl.ac.uk

Sergi Borrego-Ecija - Alzheimer’s disease anlde® Cognitive Disorders Unit,
Neurology Service, Hospital Clinic, Barcelona, $paiorrego@clinic.cat



Jose Bras - Dementia Research Institute, Deyeattof Neurodegenerative Disease, UCL
Institute of Neurology, Queen Square, London, UKrgs@ucl.ac.uk

Rose Bruffaerts - Laboratory for Cognitive N&logy, Department of Neurosciences, KU
Leuven, Leuven, Belgium; rose.bruffaerts@uzleuven.b

Paola Caroppo -Fondazione IRCCS Istituto Negricb Carlo Besta, Milano, Italy;
Paola.Caroppo@istituto-besta.it

David Cash — Dementia Research Centre, Depattoiéeurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; d.cash@ucl.ac.uk

Miguel Castelo-Branco - Faculty of Medicine,itgrsity of Coimbra, Coimbra, Portugal,
mcbranco@fmed.uc.pt

Rhian Convery — Dementia Research Centre, Drepat of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; thian.convery.16@ucl.ac.uk

Thomas Cope — Department of Clinical NeurisoggertJniversity of Cambridge,
Cambridge, UK; tec31@medschl.cam.ac.uk

Maura Cosseddu - Centre for Neurodegeneratiser@ers, Neurology Unit, Department
of Clinical and Experimental Sciences, UniversityBeescia, Brescia, Italy;
maura.cosseddu@gmail.com

Maria de Arriba - Neuroscience Area, Biodorestealth Research Insitute, San
Sebastian, Gipuzkoa, Spain; dearribamaria@gmail.com

Giuseppe Di Fede -Fondazione IRCCS Istitutorblegico Carlo Besta, Milano, Italy;
Giuseppe.DiFede@istituto-besta.it

Zigor Diaz - CITA Alzheimer, San Sebastian, @koa, Spain; zdiaz@cita-alzheimer.org

Katrina M Dick — Dementia Research Centre, Diepant of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, London; WKdick@ucl.ac.uk

Diana Duro - Faculty of Medicine, University @bimbra, Coimbra, Portugal,
diana.duro@gmail.com

Chiara Fenoglio - Fondazione IRCCS Ca’ Grandpedale Maggiore Policlinico,
Neurodegenerative Diseases Unit, Milan, Italy; @nsity of Milan, Centro Dino Ferrari,
Milan, Italy; chiara.fenoglio@unimi.it

Camilla Ferrari - Department of Neurosciencgydhology, Drug Research, and Child
Health, University of Florence, Florence, Italyjyii DF1 or 2 data included

Catarina B. Ferreira -Laboratory of Neuroscemdnstitute of Molecular Medicine,
Faculty of Medicine, University of Lisbon, LisboRortugal,
catarina.ferreira@medicina.ulisboa.pt

Toby Flanagan -Faculty of Biology, Medicine afealth, Division of Neuroscience and
Experimental Psychology, University of Manchesianchester, UK;
toby.flanagan@manchester.ac.uk

Nick Fox — Dementia Research Centre, DepartmeNeurodegenerative Disease, UCL
Institute of Neurology, Queen Square, London, UKox@ucl.ac.uk

Morris Freedman -Baycrest Health Sciences, RotResearch Institute, University of
Toronto, Toronto, Canada; mfreedman@baycrest.org

Giorgio Fumagalli -Fondazione IRCCS Ca’ Graf@gedale Maggiore Policlinico,
Neurodegenerative Diseases Unit, Milan, Italy; @nsity of Milan, Centro Dino Ferrari,



Milan, Italy; Department of Neurosciences, Psychgl@®rug Research and Child Health
(NEUROFARBA), University of Florence, Florence,lJtagiorgiofumagalli@hotmail.com

Alazne Gabilondo -Neuroscience Area, Biodorosigalth Research Insitute, San
Sebastian, Gipuzkoa, Spain; alazne.gabilondolopsaidetza.eus

Roberto Gasparotti - Neuroradiology Unit, Umsity of Brescia, Brescia, Italy;
roberto.gasparotti@gmail.com

Serge Gauthier -Alzheimer Disease Research MieiGill Centre for Studies in Aging,
Department of Neurology & Neurosurgery, McGill Uargity, Montreal, Québec, Canada;
serge.gauthier@mcgill.ca

Stefano Gazzina -Centre for NeurodegeneratigerDers, Neurology Unit, Department
of Clinical and Experimental Sciences, UniversityBeescia, Brescia, Italy;
stefanogazzina@alice.it

Roberta Ghidoni - Istituto di Ricovero e Cur@arattere Scientifico Istituto Centro San
Giovanni di Dio Fatebenefratelli, Brescia, Italghrdoni@fatebenefratelli.eu only if DF1
or 2 data included

Giorgio Giaccone -Fondazione IRCCS Istituto iéagico Carlo Besta, Milano, Italy;
Giorgio.Giaccone@istituto-besta.it

Ana Gorostidi - Neuroscience Area, Biodonobl&alth Research Insitute, San Sebastian,
Gipuzkoa, Spain; ana.gorostidipagola@osakidetza.eus

Caroline Greaves — Dementia Research Centgarideent of Neurodegenerative
Disease, UCL Institute of Neurology, Queen Squanaedon, UK;
caroline.greaves.1l4@ucl.ac.uk

Rita Guerreiro - Dementia Research Instituep@tment of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; Uguerreiro@ucl.ac.uk

Carolin Heller — Dementia Research Centre, Diepnt of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; d.heller@ucl.ac.uk

Tobias Hoegen -Neurologische Klinik, Ludwig-Mi@uians-Universitat Minchen,
Munich, Germany; tobias.hoegen@med.uni-muenchen.de

Begofa Indakoetxea - Cognitive Disorders Uddpartment of Neurology, Donostia
University Hospital, San Sebastian, Gipuzkoa, Sgdeauroscience Area, Biodonostia
Health Research Insitute, San Sebastian, Gipu8quain;
begona.indacoecheajuanbeltz@osakidetza.eus

Vesna Jelic - Division of Clinical Geriatridsarolinska Institutet, Stockholm, Sweden;
vesna.jelic@ki.se

Lize Jiskoot - Department of Neurology, Erasmvieslical Center, Rotterdam,
Netherlands; |.c.jiskoot@erasmusmc.nl

Hans-Otto Karnath - Division of Neuropsycholpggrtie-Institute for Clinical Brain
Research and Center of Neurology, University ofiligén, Tubingen, Germany;
karnath@uni-tuebingen.de

Ron Keren -The University Health Network, TaimRehabilitation Institute, Toronto,
Canada; Ron.Keren@uhn.ca

Maria Jo&o Leitdo - Centre of Neurosciences@altiBiology, Universidade de Coimbra,
Coimbra, Portugal; jajao86@gmail.com

Albert Lladd - Alzheimer’s disease and Otheg@itive Disorders Unit, Neurology
Service, Hospital Clinic, Barcelona, Spain; alladbi@c.ub.es



Gemma Lombardi - Department of Neurosciencgchirdogy, Drug Research and Child
Health, University of Florence, Florence, Italyngmalomb@gmail.com only if DF1 or 2
data included

Sandra Loosli -Neurologische Klinik, Ludwig-Maxlians-Universitat Minchen,
Munich, Germany; sandra.loosli@med.uni-muenchen.de

Carolina Maruta -Laboratory of Language Redgatentro de Estudos Egas Moniz,
Faculty of Medicine, University of Lisbon, LisboRprtugal; carolmaruta@gmail.com

Simon Mead - MRC Prion Unit, Department of Nmlegenerative Disease, UCL Institute
of Neurology, Queen Square, London, UK; s.mead@jpsm.ac.uk

Lieke Meeter - Department of Neurology, Erasmieslical Center, Rotterdam,
Netherlands; h.meeter@erasmusmc.nl

Gabriel Miltenberger - Faculty of Medicine, Warsity of Lisbon, Lisbon, Portugal,
gmiltenyi@medicina.ulisboa.pt

Rick van Minkelen - Department of Clinical Géng, Erasmus Medical Center,
Rotterdam, Netherlands; r.vanminkelen@erasmusmc.nl

Sara Mitchell - Sunnybrook Health Sciences @gr8unnybrook Research Institute,
University of Toronto, Toronto, Canada; sara.mitid@sunnybrook.ca

Benedetta Nacmias - Department of NeuroscidPggchology, Drug Research and Child
Health, University of Florence, Florence, Italyneéetta.nacmias@unifi.it only if DF1 or 2
data included

Mollie Neason — Dementia Research Centre, Deyasat of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; th.neason@ucl.ac.uk

Jennifer Nicholas - Department of Medical Stats, London School of Hygiene and
Tropical Medicine, London, UK; Jennifer.Nicholas@ti®.ac.uk

Linn Oijerstedt - Department of Geriatric Madig, Karolinska University Hospital-
Huddinge, Stockholm, Sweden; linn.oijerstedt@ki.se

Jaume Olives - Alzheimer’s disease and Othgni@liwe Disorders Unit, Neurology
Service, Hospital Clinic, Barcelona, Spain; joli@dinic.ub.es

Alessandro Padovani -Centre for Neurodegener&tisorders, Neurology Unit,
Department of Clinical and Experimental Sciencesyversity of Brescia, Brescia, Italy;
alessandro.padovani@unibs.it

Jessica Panman — Department of Neurology, BEradnedical Center, Rotterdam,
Netherlands; j.panman@erasmusmc.nl

Janne Papma - Department of Neurology, Eradvimascal Center, Rotterdam;
J-.papma@erasmusmc.nl

Michela Pievani - Istituto di Ricovero e Cur&arattere Scientifico Istituto Centro San
Giovanni di Dio Fatebenefratelli, Brescia, Italypmvani@fatebenefratelli.,eu only if DF1
or 2 data included

Yolande Pijnenburg -Amsterdam University MedliCantre, Amsterdam VUmc,
Amsterdam, Netherlands; YAL.Pijnenburg@vumc.nl

Enrico Premi -Centre for Neurodegenerative Riscs, Neurology Unit, Department of
Clinical and Experimental Sciences, University oé&ia, Brescia, Italy;
zedtower@gmail.com



Sara Prioni -Fondazione IRCCS Istituto Neuradod@arlo Besta, Milano, Italy;
Sara.Prioni@istituto-besta.it

Catharina Prix -Neurologische Klinik, Ludwig-Manilians-Universitat Miinchen,
Munich, Germany; catharina.prix@med.uni-muenchen.de

Rosa Rademakers as London Ontario genetiBispartment of Neurosciences, Mayo
Clinic, Jacksonville, Florida, USA; Rademakers.R@saayo.edu

Veronica Redaelli -Fondazione IRCCS IstitutauMdogico Carlo Besta, Milano, Italy;
Veronica.Redaelli@istituto-besta.it

Ekaterina Rogaeva -Tanz Centre for Researtleurodegenerative Diseases, University
of Toronto, Toronto, Canada; ekaterina.rogaeva@utorca

Pedro Rosa-Neto -Translational Neuroimagingotatory, McGill Centre for Studies in
Aging, McGill University, Montreal, Québec, Canag&dro.rosa@mcgill.ca

Giacomina Rossi - Fondazione IRCCS Istituto fdkagico Carlo Besta, Milano, Italy;
Giacomina.Rossi@istituto-besta.it

Martin Rosser — Dementia Research Centre, Depat of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; th.rossor@ucl.ac.uk

Beatriz Santiago - Neurology Department, Cehklogpitalar e Universitario de Coimbra,
Coimbra, Portugal; hbmcsantiago@hotmail.com

Elio Scarpini -Fondazione IRCCS Ca’ Granda @speMaggiore Policlinico,
Neurodegenerative Diseases Unit, Milan, Italy; @nsity of Milan, Centro Dino Ferrari,
Milan, Italy; elio.scarpini@unimi.it

Sonja Schonecker - Neurologische Klinik, LuchMgximilians-Universitat Minchen,
Munich, Germany; sonja.schoenecker@med.uni-muengéen

Elisa Semler -Department of Neurology, Univisrsif Ulm, Ulm; elisa.semler@uni-
ulm.de

Rachelle Shafei — Dementia Research Centreairapnt of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; Ushafei@ucl.ac.uk

Christen Shoesmith - Department of Clinical Méagical Sciences, University of
Western Ontario, London, Ontario, Canada; christesesmith@Ihsc.on.ca

Miguel Tabuas-Pereira - Neurology Departmernttd Hospitalar e Universitario de
Coimbra, Coimbra, Portugal; miguelatcp@gmail.com

Mikel Tainta - Neuroscience Area, Biodonostiealh Research Insitute, San Sebastian,
Gipuzkoa, Spain; mikeltainta@gmail.com

Ricardo Taipa - Neuropathology Unit and Departirof Neurology, Centro Hospitalar do
Porto - Hospital de Santo Antonio, Oporto, Portugehrdotaipa@gmail.com

David Tang-Wai -The University Health NetwoKeembil Research Institute, Toronto,
Canada; David.Tang-Wai@uhn.ca

David L Thomas - Neuroimaging Analysis CenBepartment of Brain Repair and
Rehabilitation, UCL Institute of Neurology, Queequare, London, UK;
d.thomas@ucl.ac.uk

Hakan Thonberg - Center for Alzheimer Resedbavision of Neurogeriatrics,
Karolinska Institutet, Stockholm, Sweden; hakamtierg@karolinska.se

Carolyn Timberlake — Department of Clinical Mesciences, University of Cambridge,
Cambridge, UK; cmc38@medschl.cam.ac.uk



Pietro Tiraboschi -Fondazione IRCCS Istitutaidogico Carlo Besta, Milano, Italy;
Pietro.Tiraboschi@istituto-besta.it

Philip Vandamme - Neurology Service, Universilyspitals Leuven, Belgium;
Laboratory for Neurobiology, VIB-KU Leuven Centrer Brain Research, Leuven,
Belgium; philip.vandamme@uzleuven.be

Mathieu Vandenbulcke - Geriatric Psychiatryvgm, University Hospitals Leuven,
Belgium; Neuropsychiatry, Department of NeuroscesndKU Leuven, Leuven, Belgium;
mathieu.vandenbulcke@uzleuven.be

Michele Veldsman - Nuffield Department of Ctial Neurosciences, Medical Sciences
Division, University of Oxford, Oxford, UK; micheleeldsman@ndcn.ox.ac.uk

Ana Verdelho - Department of NeurosciencesMadtal Health, Centro Hospitalar
Lisboa Norte - Hospital de Santa Maria & FacultyM#dicine, University of Lisbon,
Lisbon, Portugal; averdelho@medicina.ulisboa.pt

Jorge Villanua - OSATEK, University of Donostisan Sebastian, Gipuzkoa, Spain;
jorgealbertovillanuabernues@gmail.com

Jason Warren — Dementia Research Centre, Degrirof Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; {Ason.warren@ucl.ac.uk

Carlo Wilke -Department of Neurodegenerativedases, Hertie-Institute for Clinical
Brain Research and Center of Neurology, Universityibingen, Tubingen, Germany;
Center for Neurodegenerative Diseases (DZNE), TgdrinGermany; carlo.wilke@uni-
tuebingen.de

lone Woollacott — Dementia Research Centre aapent of Neurodegenerative Disease,
UCL Institute of Neurology, Queen Square, LondoK; ine.woollacott@ucl.ac.uk

Elisabeth Wlasich - Neurologische Klinik, LudpMaximilians-Universitat Minchen,
Munich, Germany; elisabeth.wlasich@med.uni-muenateen

Henrik Zetterberg - Dementia Research InstjtDEpartment of Neurodegenerative
Disease, UCL Institute of Neurology, Queen Squiasedon, UK; h.zetterberg@ucl.ac.uk

Miren Zulaica - Neuroscience Area, Biodonostealth Research Insitute, San Sebastian,
Gipuzkoa, Spain; miren.zulaicaijurco@osakidetza.eus



connection strength

global efficiency

* * % % % o
400 - S 10-
* 2 A
- N
@ ® ® ® . gene carriers ¢ 0.0
i 200 W |
QO
g
100 - . =
3 e :
U T T T T T T
| . . | . . 40 30 -20 -10 0 10
gene negative gene carriers FTD C9orf72 GRN MAPT Years from estimated age of onset
1.0
* %X ra)
= x K
0.95 - S
5 |
& ] @ 5
. |
0.9 - a3
0.90 - Group > 0-
_ gene carriers %
'O
! 0.85- 2 BS F1D 2 .
0.8 - &
L ® 48]
L
0.80 - O -2-
o
8 . . | . . |
40 30 -20  -10 0 10

gene negative gene carriers FTD C9orf72 GRN MAPT Years from estimated age of onset



connection strength connection strength connection strength

connection strength

Frontal

600 * %
x
400 + &
%
o
O
200 + : ! |
O -
T i T
gene gene FTD
negative carriers
Parietal
400 - &
&
300 + .
200 4
100
0 -
] I 1
gene gene FTD
negative carriers
Cerebellum
400 - *
@

I
FTD

gene gene
negative carriers
Cingulate
600 4 k%
*
400 - ®
@
&
200 -
0 - e
I ¥ |
gene gene FTD
negative carriers

—
-

=
&)

™~

<
o

connection strength (z-score)
L5 o
(- -

40 -30 20 -10 0 10
Years from estimated age of onset

—h
QO

=2
o

N

&2
&)

connection strength (z-score)
L6 o
o -]

40 -30 20 -10 0 10
Years from estimated age of onset

—y
-

-
o

N

=2 A~
wn o

connection strength (z-score)
o

40 -30 -20 -10 0 10
Years from estimated age of onset

—h
1

AN

connection strength (z-score)
— o

40 30 20 -10 0 10
Years from estimated age of onset

connection strength connection strength connection strength

connection strength

Temporal
k%
* X
400 +
B
® @
200 +
O -
I i I
gene gene FTD
negative carriers
Occipital
600 *
*
400 + ¢
&
200 E—
R
0 -
I ] I
gene gene FTD
negative carriers
Hippocampus
400 *
*
300 + o
®
200 - &
100 A
0 -
i ¥ §
gene gene FTD
negative carriers
Insula
500 _k%x
*
400 +
&
o
300 +
200 +
100 +
0 -
i B |
gene gene FTD
negative carriers

1.0-

#

=
an

=
o

connection strength (z-score)
L5 o
o (-

40 -30 20 -10 0 10
Years from estimated age of onset

—
o

=
ol

<
o

&2
6]

R

connection strength (z-score)
o

40 -30 20 -10 0 10
Years from estimated age of onset

—
Q

o=
o

connection strength (z-score)

0.0-
0.5-
1.0-
40 30 20 -10 O 10

Years from estimated age of onset

—
o

=
o

connection strength (z-score)
| .E_I_'—_} D
()| -

—_—
-

40 -30 20 -10 0 10
Years from estimated age of onset



Frontal

* X
>
= P
< 0.91 @ ?
=
O
O
o 0.8-4
0 7
=
3 ! ¢
o 0.71
O

9

i i i
gene gene FTD
negative carriers

Parietal

1.0 9 X
>
i B
= 0.9 & i
5
& R
(Vp) 0.8 4
O =
C
&
s 0.7 &
O

%

0.6 - : : :
gene gene FTD
negative carriers

Cerebellum

1.0 % %

= @

S 0.9

C

D

O

? 0.8

g .

O @ =
% @

© 074 @

&

: ¢ §
gene gene FTD
negative carriers

Cingulate
* %
>
= 0.94
i
=
D
O
v 0.8+
o
= s
7 ®
O 4 &
o U7 G
®

i i [
gene gene FTD
negative carriers

—
1

o

closeness centrality (z-score)

o

40 -30 20 -10 0 10
Years from estimated age of onset

* %

\

lh (-] —h

closeness centrality (z-score)

N

40 30 20 -10 0 10
Years from estimated age of onset

] —h

closeness centrality (z-score)

N

40 30 20 -10 0 10
Years from estimated age of onset

x

-

—IL o —_—

closeness centrality (z-score)

I
N

40 30 20 -10 O 10

Veasare frormm msetirmatad ameas AfF Aneot

closeness centrality closeness centrality closeness centrality

closeness centrality

Temporal
1.0 *
@ @
004 8
0.8
&
0.7
&
i i I
gene gene FTD
negative carriers
Occipital
*
1.0 1 * %
&
0.9 1
[ —
08 4 ===
0.7
o
I [ T
gene gene FTD
negative carriers
Hippocampus
1.0 e
2
0.9 1
I
|—
0.8
&
® @
0.7 4
&
: 5 :
gene gene FTD
negative  carriers
Insula
1.04  _%k%k

.
k i i
gene gene FTD
negative  carriers

_II. O —h

closeness centrality (z-score)

I
N

40 30 20 -10 0 10
Years from estimated age of onset

*kk%k

—
|

/

L o

closeness centrality (z-score)
o

40 -30 20 -10 0 10
Years from estimated age of onset

—
1

closeness centrality (z-score)
i o

40 30 20 -10 0 10
Years from estimated age of onset

(- .

closeness centrality (z-score)

40 30 20 -10 0O 10

Vesare frorm osctirmatad aqaa ~AfF Aneot



D O
S =
= =
S —
> S
= 8
L O
an —
o i
2 S
< LL
4 . ®
I I T T § i I T
-2 0 2 4 -2 0 2 4
connection strength connection strength
=@ gene negative == gene carriers =&= FTD == gene negative =®= gene carriers =&= FTD
2 -
@

Temporal lobe Volume
(mls)
Parietal lobe Volume

A
o
O
N
N

-2 0 2
connection strength connection strength

== gene negative =@= gene carriers == FTD == gene negative =®= gene carriers == FTD



Highlights
» mechanisms of preserved function in presymptomatic dementia are not well understood
» we studied people with genetic frontotempora dementia and their relatives
» brain network efficiency was preserved prior to the onset of symptoms
» highly connected hub regions were preferentially affected by neuropathology
* interventions to support functional brain networks may delay the onset of dementia
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