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MethodsIntroduction

Results

Discussion

Four subsystems with the salience community as a 
possible intermediary in light of its association with 
both delay and response inhibition.

Two non-overlapping meta-analytic networks, one 
(A) associated with goal-directed decision making8 
the other (B) with executive functions9.

Serotonergic modulation of behavior (e.g., in 
aggression10) might be linked with high intra-network 
communication.
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1) Meta-analysis
ALE meta-analyses2 for impulsive vs control 
processes within delayed consequence sensitivity  
(47 experiments):

●  Smaller sooner vs larger later rewards
●  Larger later vs smaller sooner rewards
●  Subjective value

and response inhibition (126 experiments): 
●  Error vs correct inhibition (meta-contrast)
●  Correct inhibition vs error (meta-contrast)

Impulsivity
Multidimensional construct referring to diverse 
behaviours such as response inhibition and 
discounting of future rewards1. 
Most investigations of its neural correlates only focus 
on individual dimensions or behaviours.

Aim 

Delineate and characterize a brain network associated 
with impulsivity focusing on two dimensions:

A)  Delayed consequence sensitivity (delay                    
    discounting)

B)  Response inhibition (stop signal, go/nogo tasks)

Meta-analysis
A) Delayed consequence sensitivity meta-analyses

No convergence was found for contrast 
larger later > smaller sooner

B) Response Inhibition meta-analyses

Network community detection
A) Louvain community detection

Identified four functional subsystems which 
replicated in both datasets: 
1) All Delay-related regions
2) Salience network regions
3) Frontoparietal regions
4) Temporoparietal regions

B) Seed-voxel connectivity gradients
Complementary whole-brain analysis was in strong 
agreement with community detection results.

Blue: Correct > error
Red: Error > correct

Conjunction: Correct & 
error

rho = 0.49, p = 0.015 rho = 0.64, p > 0.001

NKI HCP

Response 
inhibition

Community Neuromodulation
Only serotonin 5HT1a receptor density 
displayed a positive correlation with 
network integration (within-module degree 
z-score) in both datasets. Segregation was 
not correlated with receptor density.

Smaller sooner > Larger 
later

Subjective value

Networks of Impulsivity: Evidence from Meta-
Analyses and Functional Connectivity Modelling 

Experiments of 
impulsive vs. 
control 
contrast

rsfMRI

2) Community detection
Resting-state functional connectivity between meta-
analytic seeds and rest of the brain in data from 
Human Connectome Project3 (n=332) and Nathan 
Kline Institute4 (n=608). Louvain community 
detection5 and gradient decomposition6 (PCA).

3) Neuromodulation
Correlation between network measures of 
integration/segregation and PET receptor density of 
serotonin, dopamine and norepinephrine7. 
Significance was tested using spatial permutation.

A B
Would you prefer

$100
today

$200
1 month

OR

Choice of smaller 
sooner reward

Choice of larger 
later reward

Our meta-analytic findings reinforce insights from behavioural research and provide 
evidence for the multidimensional nature of impulsivity on the neural level


