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Brain networks reveal the effects of antipsychotic drugs on

schizophrenia patients and controls: Supplementary information

Preprocessing and correcting for head motion

We completed a number of preprocessing steps on the raw fMRI data. The skull was removed

from the images and the data deobliqued. The 16 slices which comprised a volume were gathered

alternately and we temporally corrected them by phase shifting the signal. We used a 12 param-

eter affine transformation to register the data to MNI stereotactic standard space and a 6mm

Gaussian kernal for spatial smoothing. Finally, the voxel timeseries were high- and low-pass fil-

tered with cutoff frequencies of ≈ 0.01 Hz and ≈ 0.08 Hz respectively. As described in the main

text, for each individual dataset voxel time series were averaged within each of the 325 equally

sized anatomical regions in a random driven atlas (Zalesky et al., 2010). 28 regions lacked good

quality fMRI timeseries for some subjects so were discarded from our analysis, leaving datasets

for 297 brain regions for all subjects. The 28 regions we discarded, largely in the cerebellum, are:

Right Superior Temporal Gyrus

Left Inferior Frontal Gyrus

Left Cerebellar Tonsil

Right Pyramis

Left Inferior Frontal Gyrus

Right Cerebellar Tonsil

Left Parahippocampal Gyrus

Right Cerebellar Tonsil

Right Culmen

Right Uvula

Left Cerebellar Tonsil
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Left Inferior Semi-Lunar Lobule

Left Precentral Gyrus

Left Cerebellar Tonsil

Right Superior Temporal Gyrus

Left Superior Temporal Gyrus

Right Cerebellar Tonsil

Right Culmen

Right Cerebellar Tonsil

Right Fusiform Gyrus

Left Cerebellar Tonsil

Right Cerebellar Tonsil

Left Cerebellar Tonsil

Right Cerebellar Tonsil

Left Culmen

Right Inferior Frontal Gyrus

Right Cerebellar Tonsil

Right Cerebellar Tonsil

Whilst in the scanner, subjects invariably move; even the act of swallowing leads to un-

desirable head motion effects. In addition to the obvious problem of physically displacing the

brain, motion introduces a spin history effect. Very precise spatial and temporal alignment of

magnetic gradients is required to acquire the BOLD signal. Protons which move from one voxel

to another have different excitations than expected and cause intensity changes in the BOLD

measurements. For each volume, the position of the head must be estimated and realigned to

a reference position (typically the middle volume). The realignment is done via a rigid body

transform described by 6 parameters (x, y and z translations, and pitch, yaw and roll rotations)

that is estimated to minimise the registration error. To attempt to remove spin history effects,
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measures such as ICA decomposition and regression of the motion parameters are typically

undertaken.

Three independent studies were published in 2012 Power et al. (2012); Satterthwaite et al.

(2012); Van Dijk et al. (2012) demonstrating that these measures were insufficient, that motion

artefacts remained in the data despite them, and that they introduced systematic errors in

regional correlations. Scans of patients and young participants were found to be especially

problematic. Frames can be identified as contaminated by motion effects by examining the

framewise displacement (a measure of how much the head moved between frames) and DVARS

(a measure of brain-wide rate of change of BOLD intensity in one frame) Power et al. (2012).

We used the same cutoffs as Power et al. (2012) to determine unacceptable amounts of motion:

values greater than 0.5 for framewise displacement and 0.5% ∆BOLD for DVARS, with the

additional requirement that at least 5 mins worth of data should be deemed of acceptable

quality for a subject to remain in the study. It was proposed that one should scrub the data,

which simply equates to removing any bad frames. This is undesirable as it usually results in

the loss of a large proportion of data and produces discontinuous timeseries. An alternative

recently developed approach uses wavelet despiking Patel et el (2014). Head motion is often

sporadic and leads to stochastic spikes in the data which are difficult to identify. A wavelet

transform decomposes the timeseries into different frequency scales within which such spikes are

more apparent.

Each of our datasets was analysed for effects of head motion within the scanner as described,

which resulted in the rejection of patient 3 on aripiprazole and sulpiride, control 10 on placebo

and sulpiride, control 8 on sulpiride and patient 5 on placebo, all of which were deemed to

have too many bad frames to be reliable. The remaining datasets were corrected for motion

through realignment and wavelet despiking Patel et el (2014); Suckling et al. (2006). Following

the example of Power et al. (2012), Figure 1 contains plots of the Euclidean distance between

regions against the average of ∆r for each cohort, where ∆r is the difference between regional

correlations in scrubbed and unscrubbed versions of the data. We observe no relation between
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the two, indicating that scrubbing has no systematic effect and we have successfully removed

unwanted motion-related signals.
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(a) HV placebo
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(b) HV aripiprazole
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(c) HV sulpiride
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(d) SZ placebo
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(e) SZ aripiprazole
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(f) SZ sulpiride

Figure 1. Cloud plots to determine the presence of motion effects. Plots of
Euclidean distance between regions against the average ∆r for each cohort (∆r the difference
between scrubbed and unscrubbed derived regional correlations). No correlation is observed
indicating no significant motion effects.
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