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Improving reliability, replicability and interpretability 

of neuroimaging research – bridging resting state 

functional neuroimaging and underlying biology



Why do we need to think more about our methods

What are the limitations of our tools

• What are the analytical and technical limitations

• Different biological levels need different considerations

 How can we do better

• New analyses methods

• Replication is key



Why do we need to think more about our methods?



“what bothers me isn’t just that people said 5-HTTLPR mattered and it didn’t. It’s that 
we built whole imaginary edifices, whole castles in the air on top of this idea of 5-

HTTLPR mattering. We “figured out” how 5-HTTLPR exerted its effects, what parts of the 
brain it was active in, what sorts of things it interacted with, how its effects were 

enhanced or suppressed by the effects of other imaginary depression genes. This isn’t 
just an explorer coming back from the Orient and claiming there are unicorns there. It’s 

the explorer describing the life cycle of unicorns, what unicorns eat, all the different 
subspecies of unicorn, which cuts of unicorn meat are tastiest, and a blow-by-blow 
account of a wrestling match between unicorns and Bigfoot.” by Scott Alexander 

https://slatestarcodex.com/2019/05/07/5-httlpr-a-pointed-review/

https://slatestarcodex.com/2019/05/07/5-httlpr-a-pointed-review/




What are the limitations of our tools
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Exemplary atlas region: ICC(reliability)=0.31
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Holiga et al., 2018, Plos One

ICC criteria (Cicchetti, Domenic

V. 1994):

Less than 0.40—poor.

Between 0.40 and 0.59—fair.

Between 0.60 and 0.74—good.

Between 0.75 and 1.00—excellent.

ICC – Intra-class correlation 

coefficient

Region-wise

ICC





Typical fMRI study has about 15-30 participants

Power at p<.001 uncorrected
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Genes Gene expression

Cells/

neurotransmitters/

receptors

MRI (functional
and structural)

Behaviour

Correlations between gene expression and imaging: 0 and 0.7

Genetic auto-correlation:

HTR1a: r=0.88

HTR1b: r=0.16

D1: r=0.54

D2: r=0.71

Correlations between Allen Brain Atlas and group-average in vivo PET receptor maps, unpublished data



Genes Gene expression
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Dukart et al., in preparation

Correlation between PET derived receptor maps and

risperidone induced blood flow changes



Genes Gene expression

Cells/

neurotransmitters/

receptors

MRI (functional
and structural)

Behaviour

A lot of variance in transcription

is explained by environment or

by gene/gene interactions

a) mRNA expression often

poorly correlates with

respective receptor

expression

b) Large variability in gene

expression is observed

for some genes across

individuals

a) Functional MRI 

measures are only

sensitive to some

aspects of underlying

activity

b) Some neurotransmitter

changes do not result in 

changes in functional

activity

Low reliability of regional 

functional MRI measures

adds a lot of noise to the data

Limitations



HOW CAN WE ADDRESS those limitations
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Holiga et al., 2018, Plos One

fALFF for 1 region



Time point 1

T
im

e
 p

o
in

t
2

Within

ICC

Between

ICC

Holiga et al., 2018, Plos One

fALFF across regions

ICC criteria (Cicchetti, Domenic V. 1994):

Less than 0.40—poor.

Between 0.40 and 0.59—fair.

Between 0.60 and 0.74—good.

Between 0.75 and 1.00—excellent.

ICC – Intra-class correlation coefficient



Cerebral Blood Flow (CBF, 

using Arterial Spin Labeling) 

for:

• Risperidone

• Olanzapzine

• Haloperidol

• Methylphenidate

• Escitalopram

• Ketamine

• Midazolam

Always vs placebo

Receptor density Drug effect (Effect 

size)
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Palomero-Gallagher et 

al. 2015, in Brain 

Mapping: An 

Encyclopedic Reference

Dukart et al., Cerebral blood flow predicts differential neurotransmitter activity, Scientific reports, 2018

Correlating spatial profiles of receptor densities and drug effects



Correlations with in vivo receptor density 

estimates (dopaminegic compounds) 

Correlational profiles with ex 

vivo receptor density estimates

Dukart et al., Cerebral blood flow predicts differential neurotransmitter activity, Scientific reports, 2018

* p<.05

These profiles align well with 

underlying affinity to the respective 

receptor systems (highest affinity to D2, 

5-HT2)
Further potential applications:
 Profiling of new drugs (hypothesis generation)

 Disease patterns

 Individual symptom prediction/treatment response



Genetics and traits

Gene expression

Public neuroimaging

databases

Tools for cross-modal spatial

correlations

Dukart et al., in preparation

PET and MRI



Exploration
dataset

Validation datasets

TD: typically developing healthy controls

Degree centrality = Sum(r>prespecified 

threshold*)

*r>0.25 based on previous literature for degree 

centrality

Computed using the REST toolbox

Same pre-processing  and 

analysis pipeline for all data

Holiga S, Hipp JF, Chatham CH, ... & Dukart J. (2019). Patients with autism spectrum disorders display reproducible functional connectivity 

alterations . Science Translational Medicine



*p<.05, **p<.01,***p<.001

Significant DC alteration in EU-AIMS

Holiga S, Hipp JF, Chatham CH, ... & Dukart J. (2019). Patients with autism spectrum disorders display reproducible functional connectivity 

alterations . Science Translational Medicine



Holiga S, Hipp JF, Chatham CH, ... & Dukart J. (2019). Patients with autism spectrum disorders display reproducible functional connectivity 

alterations . Science Translational Medicine



 Replication in independent datasets is an important first step for increasing 
replicability of neuroimaging research

 Spatial profile analyses and correlations with PET, gene expression data may 
provide a way forward to increase reliability of neuroimaging tools

 Novel tools allow to answer all of the necessary questions to establish more reliable, 
interpretable and replicable links between genetics, imaging and behaviour
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