Risks of Overinterpretation in Resting-State fMRI: The Threat of Noise
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Introduction * Group comparisons of correlation can be distorted in various ways:

— group difference may be entirely attributed to noise

* Common metrics in resting-sate fMRI — group difference may be fully masked by noise

— Correlation: cross-region synchronization in BOLD signal

*+ surrogate for neural-level relationships
« differences across groups or conditions In the simulations results below, the dashed lines show the real, underlying average correlations for each

group. Dots show the estimated correlation values for participants in each group, which can either mask
similarity, hide or distort differences all due to the presence of noise.

— group difference may be sign-flipped by noise

+ potential applications: predictors for biomarkers and therapy

— Graph metrics: derived from graph-based analysis

« basic units: node/region, edge/correlation A) Spurious group differences detected despite identical neural-level correlations (r,4- = 0.4)

+ derived features: hub, node centrality, node efficiency, betweenness centrality, closeness (i) diff noise magnitudes  (ii) diff noise correlations (iii) diff noise-neural correlations
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* Noise: a big threat i
— Different sources of noise 0.2 o 0.2 | 0.2
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What is the impact on estimated correlations in the presence of noise: group group group
+ underestimation or overestimation?
+ how to assess the impact? B) Suppressed group difference C) Reversed group difference
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* Interpretation difficulties: surprisingly, no definite yes/no to the following basic questions!

: : : : : . .y . — Does a near-zero correlation necessarily imply no information flow?
e Simulations show the impact of noise on estimated correlations: it's complicated! Yy HmpYy

L — Does the sign of a correlation (+ or -) = excitatory or inhibitory information flow?
—both under- and over-estimation may occur

—biases depend on
+* magnitude of noise relative to BOLD signal R,
* correlation between neural activity and noise ppix

— Can magnitude of a correlation reliably infer the strength of information flow?

Case A: Correlation can have surprising causal effect(s)

«noise correlation between the two regions pe 1) Observed correlations 2) Possible underlying acyclic causal relationships
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noise magnitude, Rv
between neural activity and noise: pp,ix = 0.4 Conclusions
* Noise: big threat in resting-state fMRI correlation estimation
Mheur = 0 Mheur = 0.4 Meur = 0.8
0.8 —under- or over-estimation may occur, but difficult to predict
| :§ A —may cause misleading statistical inference
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o "y I — cross validations: multimodal imaging methods
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