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• Arousal shapes brain networks: The locus coeruleus (LC) is 
suggested as a central hub, dynamically modulating global 
functional topology, through direct projections and slower 
acting NA modulation [1, 2]

• The missing link: How LC-NA activity causally drives resting-
state connectivity —and how this relates to sleep and mood— 
remains largely unknown

• Our approach: UHF (7T) resting-state fMRI, exploratory 
investigation of LC–whole-brain coupling in healthy 
individuals

• Validation of LC role in sleep, arousal, mood: LC->DFC 
coupling strength associations with sleep quality (PSQI), 
sleepiness (ESS), depression (BDI), anxiety (BAI)
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•Voxel: 1.4 mm iso.
•TR=2320 ms, TE=24 ms
•FA=90°
•Multiband: 2
•120 volumes (~5min)

LC segmentation
•Upsample T1 to match MT-TFL slab
•Manual segmentation (ITK)
•Coregistration with ANTs
•Non-conservative mask (2 raters)
•Intersection-> skeletonized mask

Atlas parcellation
AAL (1mm): 148 regions
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UHF MRI (7T)

•Voxel: 0.75 mm iso.
•TR=4300 ms, TE=1.98 ms
•FA=5°/6°

fMRI (GRE-EPI) T1 (MP2RAGE) LC (MT-TFL) 

•Voxel: 0.4 × 0.4 × 0.5 mm
•TR=400ms, TE=2.55 ms
•FA=8°

• PSQI: Pittsburgh Sleep Quality Index, mean=3.45 (SD=1.57, range=1-7)
• ESS: Epworth Sleepiness Scale, mean=6.48 (SD=4.22, range=0-15)
• BDI: Beck Depression Inventory, mean=4.62 (SD=4.65, range=0-16)
• BAI: Beck Anxiety Inventory, mean=2.48 (SD=2.63, range=0-10)
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GC(LC->DFC): Granger Causality log ratio, *: significant causal relationship, 
true for 5/29 (delay=1TR) or 8/29 (delay=2TR), MWU: Mann-Whitney U test

                     Delay = 2 TR:
BAI: MWU p<0.0208, z=2.038, r=0.38, BDI: Spearman ρ=0.4222, p<0.0225

29 healthy sleepers
mean=39.17 (SD=18.13)
years
15 women

• LC activity predicts changes in global integration; GC(LC->DFC)* 
in sample subset

• People with stronger LC-driven integration have poorer subjective 
sleep quality and higher sleepiness (delay=1TR), higher depression 
and anxiety scores (delay=2TR)

• Potentially able to capture instantaneous (short delay) and diffuse, 
tonic [3] effects of the LC (longer delay)

• Baseline evidence to study cases of altered sleep, arousal and 
mood, all found in Insomnia Disorder, LC strongly implicated [4]
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