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Gene-specific Trajectories Of Longitudinal Functional Connectivity In Genetic 
Frontotemporal Dementia

Frontotemporal dementia (FTD) is highly heritable, with autosomal dominant mutations in 
C9orf72, GRN, or MAPT as the most frequent genetic causes. The salience network, anchored 
in the anterior cingulate and insular cortices, is hypothesized to underlie the social and 
behavioural deficits characteristic of bvFTD [1]. Reliable biomarkers sensitive at 
presymptomatic stages are urgently needed for emerging disease-modifying therapies.

Analysis was based on a cohort of 959 participants from the GENetic Frontotemporal dementia 
Initiative (GENFI) [2], which included individuals with FTD-causing mutations and their non-
carrier family members, and consisted of 362 non-carrier controls, and presymptomatic (n = 
400) and symptomatic (n = 197) carriers of C9orf72, GRN, and MAPT mutations.

Longitudinal resting state fMRI was acquired across multiple sites. fMRIPrep (v24.1.1)[3] was used 
for spatial preprocessing. Temporal preprocessing involved ICA-based denoising. Data was 
harmonized using longCombat. Networks were derived from the Gordon atlas (333 nodes).

We used linear mixed-effects models to assess the main effects and interaction between time 
from baseline visit versus clinical & genetic status of the participant within seven major resting-
state networks. Covariates included age, sex, grey matter volume, and mean framewise 
displacement. Years of education was an additional covariate in association analyses. 
Random effects modeled subjects nested within families.
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Figure 2. Functional 
connectivity changes in 
the genetic FTD cohort. 
Heatmaps linear mixed 
effects baseline effects 
(A) and longitudinal 
effects (B) are shown for 
all networks, with color 
coding representing the 
magnitude of the t-
statistic for the given 
cell, with darker blue 
indicating greater more 
negative (decline) 
effect. Significant effects 
are indicated by 
asterisks within the cells. 

* p-value < 0.05, ** p-
value < 0.01, *** p-value 
< 0.001.

Table 1. Participant demographic characteristics
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Demographics
Age (years) 45.84 (13.17) 44.20 (11.62) 46.23 (11.55) 39.52 (11.25) 63.73 (7.36) 64.73 (8.13) 55.65 (9.81) <0.001
Education (years) 14.40 (3.38) 14.27 (3.11) 15.02 (3.56) 14.33 (3.06) 12.55 (3.71) 11.71 (3.94) 13.47 (3.55) <0.001
Sex <0.001

Female 206 (57%) 95 (57%) 101 (61%) 36 (54%) 34 (34%) 33 (53%) 12 (35%)
Male 156 (43%) 73 (43%) 64 (39%) 31 (46%) 67 (66%) 29 (47%) 22 (65%)

Clinical
CDR® NACC FTLD-SOB 0.29 (0.79) 0.37 (0.88) 0.28 (0.72) 0.36 (0.66) 10.56 (7.22) 11.15 (7.50) 8.03 (6.56) <0.001
Cambridge Behavioral 
Inventory

4.53 (6.76) 6.53 (7.86) 4.25 (7.84) 8.59 (14.11) 64.72 (30.18) 59.79 (32.07) 54.45 (33.22) <0.001

Mini Mental State 
Examination

29.39 (1.07) 29.13 (1.24) 29.39 (0.91) 29.40 (1.29) 23.58 (5.24) 19.23 (7.51) 24.93 (4.67) <0.001

Imaging
Gray Matter Volume (mL) 588 (67) 567 (69) 585 (58) 596 (70) 478 (66) 455 (66) 500 (49) <0.001
Mean Framewise 
Displacement (mm)

0.15 (0.12) 0.15 (0.12) 0.15 (0.09) 0.13 (0.07) 0.23 (0.16) 0.24 (0.18) 0.26 (0.32) <0.001

1Mean (SD); n (%)
2One-way analysis of means; Pearson's Chi-squared test

Figure 1. GroupICA  derived components confirming salience and cingulo-opercular network definitions in the genetic FTD cohort.

Objectives:
1. Characterize longitudinal functional connectivity (FC) changes in presymptomatic and 

symptomatic genetic FTD carriers compared to non-mutation carrier controls
2. Identify gene-specific patterns of network vulnerability
3. Determine whether specific network FCs associate with cognitive-behavioral measures 

and whether this pattern differs by genetic groups

Longitudinal functional connectivity changes in resting state networks of genetic frontotemporal dementia mutation carriers

SUMMARY & CONCLUSIONS

Longitudinal FC decline in salience, cingulo-opercular, and attention networks marks early 
connectivity loss in genetic FTD. FC changes precede symptoms and differentiate genetic 
subtypes. FC-cognitive-behavioral associations exist in C9orf72 and GRN symptomatic 
individuals in general agreement with the hypothesized roles of each network. FC is a 
potential sensitive, non-invasive biomarker for presymptomatic disease tracking and 
therapeutic trial design in genetic FTD.

METHODS
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Figure 3. Heatmaps of post-hoc linear mixed effects estimated marginal trends 
measuring functional connectivity association with cognitive-behavioral 
measures. Cell color coding represents the t-statistic of the trend being greater 
than zero. Significant effects are indicated by asterisks within the cells.
* p-value < 0.05, ** p-value < 0.01, *** p-value < 0.001.
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