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Assessing functional connectivity beyond Pearson’s correlation
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Introduction Functional Connectivity Optimal Scales of MGC in 7 Networks
Functional connectivity (FC) is defined as the temporal coincidence among A) Human Awake - " ot Seate of MGC A) Human Awake
neurophysiological events (Friston, 1994), which can be measured by the I:fjrson ot M pt':ﬂii cale o M
statistical dependency of recorded signals between two regions. In fMRI ' Es P e P = Inter Hemisphere Intra Hemisphere
studies, Pearson’s correlation is commonly used to measure the FC. In fact, o | e e | R i 0.85 0.85
. " ) . . o e P e e e 1 e Within Network - Within Network
it appears.to have become’thg synonym” of FC in thg flgld. However, it is E EEE EL ﬁgi% _ 0s0] I . Getwoon Ritwoi % 8 1 . fetwoon Rikwoii
worth noting that Pearson’s r is only one of many statistical dependency e § (= SR Y - I | il -
T T ol : . : G o G oo g 0.75 A il | | - 0.75 1 I | "
measures, and it limits its ability to a linear relationship. Recently, a Bl ki L I L __
o . ] - urple (Visua TEER
statistical model - Multiscale Graph Correlation (MGC) was developed for EIER Dt (Somatomoton A 070 | L & 070- l
. . . . . e A Iy e ©
testing the dependency of time series (Vogelstein et al., 2019). Unlike RS R R - I Green (Dorsal Attention) E 065 - E 065 -
Pearson’s r, MGC enables characterization of both linear and nonlinear ] Shea i T [ Violet (Ventral Attention) S e S e
relationships between two time series, and provides a novel 'optimal g L d B e Cream (Limbic)
. . . . . — T : 1 i o : 0.55 - 0.55 -
scale' metric to differentiate between linear and nonlinear dependence. et TR Orange (Frontoparietal)
| B BT R T il M Red (Default G5l | | | | 0.50 - | | | |
Here, we used MGC as our dep.endency measurement to assess the FC and SRR i i B e PR S sM  dAtt ventral Frontop sM  dAtt ventral frontop
to examine the linear and nonlinear relations of fMRI signals in humans | oo ] ] : L . L :
and macaque. 1 J A Network Network
NonKnear Linear B) Macaque
B) Macaque Awake N Inter Hemisphere Intra Hemisphere
. Within Networks
Pearson Corr Optimal Scale of MGC 100 4 100 .
We selected 30 participants from the Human Connectome Projects (HCP, R WL e
. . : S ey o T LT L - 0.98 - 0.98 -
resting-state fMRI, 2 sessions x 200 volumes) and two macaque samples = ey A T
including awake and various anesthetized states (13, 15, 16, 16, 16 TR N 2 096 L 0961
sessions in the awake state, anesthetized at 0.75%, 1.00%, 1.50%, 2.00% . : -;{ S ] R 9 94 2 094
isoflurane concentration, 200 volumes per session). Data were processed : E P T e 1. E o
. . . . B b e, L Q v Q -
using “HCP-style” surface based processing for both species. We first ke o Ly P ] O O
: T et 1 st e S Tl Y] 0.90 - 0.90 -
averaged the human and macaque data using the Glasser et al. (2016) and o T i et P Pl g
BT T e e L, _ .
Markov et al. (2014) parcellations, respectively. Functional networks were T G v R NS Aliditori 0.88 0.88
] ] . c - = Lo :|: T reore. -. - -..I-;..__: h 2 : : ' ' .
defined by the Yeo et. al., (2011) and Bezgin et. al., (2012) parcellations. R e W Default ad NS Ins Aud dAtt ns  |DMN
We calculated MGC statistics and Pearson’s r to measure the functional R s b At ] DorsalAtt Between Networks
Vi inall d th imal scal ine the li e | PR e e 1.00 - 1.00 - —e— Awake
connectivity. Finally, we computed the optimal scale to examine the linear L R o Insular-opercular
: : : . lils, PN et 18 PR T e | | —— 0.75%
and nonlinear nature of FC in macaque across multiple states and FC in R et R Libmic 0.98 . - ——
humans. The optimal scale suggests the best fMRI signal range during a -08 0.6 04 -0.2 00 02 04 06 090 092 094 096 098  1.00 " Somatomotor @ 096 @ 096 —— 1.50%
. . . . . . e o 0
period of time that achieves the maximal local correlation. Global optimal B) Macaque 1SO-1.50% Visual 3 000 & o4 2.00%
scale indicates an approximately linear or monotonic relationship, and e e e, £ . £ .
. . . . . Y ) -1 i = U i
non-global (i.e. local) optimal scale implies a nonlinear dependency. : S &
0.90 - o 0.90 - + @
Homotopic Connectivity (L-R) h ﬁ}gge.ﬁt + m #;49;_-:@'%::_:.; é+%+
—0 v m  —— 3
] ] ] 0.88 : ; . a2 & 088{ g @
) 3 : aud VS|  SM dAtt Ins aid  |Mis| SM  dAtt Llimbic Ins DMN
/ \ Network Network

Global optimal

Linear Connectivity Figure 3. Optimal scales in 7 Networks.

Scf‘le indicates A) Human awake optimal scales in Yeo’s 7 Networks. B) Macaque optimal scales in 7 Networks defined in the Bezgin et.
§ Imgar al., 2012 Parcellation, in the awake state or anesthetized at 0.75%, 1.00%, 1.50%, 2.00% isoflurane concentration.
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indicates a Figure 1. Functional Connectivity - Anesthetized 0.75% Anesthetized 1.00% Anesthetized 1.50% Anesthetized 2.00%
E nonlinear A) Human (30 subjects, 2 sessions x 200 volumes) functional connectivity measured by Pearson’s r, optimal scale of MGC Decreased vs. Awake vs. Awake vs. Awake vs. Awake
Qe|ati0n / and MGC test statistics. B -C) Macaque (13, 16 sessions x 200 volumes) in the awake state or anesthetized at 1.50%

isoflurane concentration functional connectivity measured by Pearson’s r, MGC test statistics and optimal scale of MGC.
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in deep anesthetized states while the optimal scale increased (Fig. 4).
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state, as well as scale differences in functional connectivity between networks. Homotopic connectivity measured by Pearson’s r, MGC, and MGC optimal scale in human (awake) and macaque
Our results open up new directions to measure the FC and infer [inear and (awake, and anesthetized at 0.75%, 1.00%, 1.50%, 2.00% isoflurane concentration). The optimal scale of MGC in the

nonlinear relationships, facilitating our understanding of brain organization
across different states and species.

macaque showed a shift from global to local optimal scales as the isoflurane concentration increased. Figure 4. Significant (FDR corrected p<0.01) changes of MGC FC (A) and optimal scale (B) across states




