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Abstract 
Neuroimaging offers a valuable insight into human brain 
development by allowing in vivo assessment of structure, connectivity 
and function. Multimodal neuroimaging data have been obtained as 
part of three sub-studies within the Avon Longitudinal Study of 
Parents and Children, a prospective multigenerational pregnancy and 
birth cohort based in the United Kingdom. Brain imaging data were 
acquired when offspring were between 18 and 24 years of age, and 
included acquisition of structural, functional and magnetization 
transfer magnetic resonance, diffusion tensor, and 
magnetoencephalography imaging. This resource provides a unique 
opportunity to combine neuroimaging data with extensive phenotypic 
and genotypic measures from participants, their mothers, and fathers.
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Introduction
Population neuroscience, the interface between epidemiology 
and neuroscience, aims to identify environmental and genetic 
factors associated with brain health across the lifespan1,2.  
Key to the development of this field is the recruitment of large, 
representative samples of participants, with deep phenotyping 
on a wide range of physiological, environmental and genetic 
measures. Over the last decade, the inception of large-scale  
population based studies3–10, and those embedded in existing 
cohorts9,11, has generated a rich source of neuroimaging data  
drawn from the general population.

Here we present three such studies nested within The Avon 
Longitudinal Study of Parents and Children (ALSPAC)12–14.  
In addition, we describe the pipelines and quality control (QC) 
measures used to generate image-derived phenotypes (IDPs) 
from T

1
-weighted structural magnetic resonance imaging (MRIs), 

designed to be useful to researchers in fields of neuroscience and 
beyond. ALSPAC is a prospective pregnancy and birth cohort, 
which enrolled a total of 14,062 pregnant women living in 
South-West England in the 1990s. Mothers, fathers and children 
have been followed up for the last 28 years, and data collection 
is ongoing. The study has collected genetic, epigenetic, and a  
wealth of phenotypic and environmental measures in a broad 
range of health, social and developmental domains. With such 
an abundance of data, ALSPAC provides a unique opportunity 
to identify factors for optimal neurodevelopment in the general  
population.

Materials and methods
The Avon Longitudinal Study of Parents and Children (ALSPAC: 
formerly the Avon Longitudinal Study of Pregnancy and Child-
hood) is a pregnancy and birth cohort established to identify 
the factors influencing child health and developmental out-
comes. All pregnant women residing in the county of Avon,  
South West of England, with an expected delivery date from 
1st April 1991 to 31st December 1992 were invited to partici-
pate15. A total of 14,541 pregnancies were initially enrolled (for 
details, see http://www.bristol.ac.uk/alspac/); of these 68 have 
no known birth outcome, 195 were twin, 3 were triplet and 1 
was quadruplet, overall accounting for 14,676 known foetuses.  
This resulted in 14,062 live births, of whom 13,988 were alive 
at 1 year of age. A second wave of enrolment invited all eligible 
children and those not originally recruited to participate, which 
resulted in a total of 15,247 pregnancies13. Since recruitment 
children and their parents have been followed up with question-
naire and clinical assessment data collected at regular intervals.  
Additionally, there is a detailed biobank, which includes bio-
logical samples, genetic and epigenetic measures. Full details 
on the cohort profile, representativeness, and phases of enrol-
ment have been extensively documented15. Further information  
regarding the ALSPAC cohort can be located on the study web-
site, which includes a searchable data dictionary. Written informed 
consent was collected for all participants in line with the Dec-
laration of Helsinki16. Ethical approval for all neuroimaging  
sub-studies described below were obtained from the ALSPAC  
Ethics and Law Committee and the Local Research Ethics Com-
mittees (North Somerset & South Bristol Research Ethics  

Committee: 08/H0106/96) and participants provided written  
consent.

Imaging sub-studies
Overview
Between the ages of 18 to 24 years, a subset of ALSPAC  
offspring were invited to participate in three different neuroim-
aging studies; the ALSPAC Testosterone study (n= 513, mean 
age at attendance 19.62 years, range 18.00 to 21.50 years), the  
ALSPAC Psychotic Experiences (PE) study (n=252, mean age 
at attendance 20.03 years, range 19.08 to 21.52 years), and 
the ALSPAC Schizophrenia Recall-by-Genotype (SCZ-RbG) 
study (n=196, mean age at attendance 22.75 years, range 21.12 
to 24.55 years). Scanning protocols were harmonised across  
sub-studies where possible, and all data were acquired at Cardiff 
University Brain Research Imaging Centre (CUBRIC) on a 3 
Tesla General Electric HDx (GE Medical Systems) using an 
8-channel head coil. Study specific sample descriptives and  
imaging information are described below and in Table 1. Sam-
pling strategies and participant overlap are depicted in Figure 1  
and Figure 2.

ALSPAC-Testosterone Study
Sample description
The ALSPAC-Testosterone Study was initiated to test associa-
tions between pubertal sex hormones and brain development in 
males from a population-based sample. A subset of 513 male par-
ticipants from ALSPAC were selected based on the availability  
of multiple (>3) blood samples obtained during early and mid-
puberty (9, 11, 13, 15 and 17 years of age), and their current 
residence being within a 3-hour journey (1 way) of the scan-
ning centre in Cardiff, Wales. Participants were accepted based 
on those who first responded to the invitation17. Measures  
acquired from this study have been used to assess sex differ-
ences in corpus callosal structure18, the association of stress  
throughout the life course on white matter integrity19,20 and struc-
tural properties of the cerebral cortex21. In addition, measures 
derived from structural MRIs have been used as part of a rep-
lication sample assessing the moderating role of a polygenic 
risk score for schizophrenia (SCZ) on the association between 
cannabis use and reduced cortical thickness22. Ethical approval 
for the study was obtained from the ALSPAC Law and Ethics  
Committee and the Local Research Ethics Committees (listed  
at http://www.bristol.ac.uk/alspac/researchers/research-ethics/); 
participants provided written informed consent for their  
participation in this sub-study (ALSPAC project ID B648).

Scanner acquisition parameters
For each participant (n=513; 100% male), multimodal neuroim-
aging data were acquired on a General Electric 3T HDx scanner 
and included structural MRI (sMRI), Diffusion Tensor Imag-
ing (DTI), Multi-Component Driven Equilibrium Single-Pulse 
Observation of T1 and T2 (mcDESPOT), magnetization transfer  
MRI (mtMRI) and functional MRI (fMRI).

Structural MRI
During each structural imaging session coronal T

1 
scans were 

collected. Imaging parameters were as follows: 3D fast spoiled  
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gradient echo (FSPGR) with 168–182 oblique-axial AC-PC  
slices, 1 mm isotropic resolution; flip angle = 20°; repetition time 
(TR) = 7.9 ms; echo time (TE) = 3.0 ms; inverse time (TI) = 450 
ms; 1mm × 1mm x 1mm voxel size; slice thickness 1 mm; FOV  
(field of view) 256 × 192 mm matrix. T

1
- weighted scans took 

approximately 7.15 minutes each.

Diffusion Tensor Imaging
Diffusion Tensor Imaging (DTI) data were obtained using a dual 
spin-echo, single shot echo-planar imaging sequence. A total of 
30 gradient orientations and 3 non-diffusion weighted images 
(b = 0 s/mm2) were acquired with the following parameters:  

resolution = 2.4 x 2.4 x 2.4 mm; FOV = 230 x 230 mm; acqui-
sition matrix = 96 x 96; slice thickness = 2.4mm; number of 
slices = 60 (oblique-axial AC-PC); TR/TE = cardiac gated/
87ms (effective); b = 1200 s/mm2, T

1
 = 0; flip angle = 90°; 

number of excitations (NEX) = 1; parallel imaging acceleration  
factor (ASSET) = 2;30. Acquisition time was between 15 and  
20 minutes.

Multi-component driven equilibrium single-pulse 
observation of T1 and T2 (mcDESPOT)
Data were acquired using a 3D fast spoiled gradient recall (SPGR), 
with 8 T1-weighted SPGR, 2 inversion prepared SPGR and  

Figure 1. Flow chart depicting the sampling of each neuroimaging sub-study within ALSPAC, modalities acquired, and processing 
pipeline of structural MRIs. IDP: image-derived phenotypes, MT-MRI: magnetization transfer MRI, mcDESPOT (multi-component 
driven equilibrium single-pulse observation of T1 and T2). sMRI: structural MRI, DTI: diffusion tensor imaging, fMRI: functional MRI, MEG: 
magnetoencephalography, QC: quality control.
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15 T1/T2 weighted steady-state free precession images at a  
resolution of 1.72 x 1.72 x 1.70 mm23. Acquisition time was approx-
imately 20 minutes.

Magnetization transfer MRI
Images were collected with a 3D SPGR sequence in the sagit-
tal plane using the following parameters: resolution = 1.9 x 1.9 
mm x 1.9mm; FOV = 240 x 240 mm; matrix =128 x 128; slice 
thickness = 1.9 mm; number of slices = 100; TR/TE = 26.7 
ms/1.8 ms; TI = 0; flip angle = 5°, NEX = 0.75, ASSET = ON.  
Acquisition time was 4.27 minutes.

Functional MRI
Paradigm: dynamic faces. During the functional MRI (fMRI) 
session, participants viewed short videoclips displaying ambigu-
ous facial expressions (gestures such as nose twitching), angry 
facial expression or controlstimuli (non-biological motion).  
The control stimuli were adapted from a study of Beauchamp 
and colleagues24. The face stimuli were created as follows. 
A total of eight actors (four females) were filmed for the face 
movements. They were instructed to express different emotions  
starting from a neutral point. Short video-clips from the peri-
ods when the actors were not expressing the emotions but were 
nonetheless moving their face (e.g. twitching their nose, open-
ing their mouth, blinking their eyes) were also extracted. A  
total of 20 video-clips were selected for the angry and ambiguous 
face movements respectively; four raters judged the intensity of 
each of emotion from those clips. The control stimuli consisted of 
black-and-white concentric circles of various contrasts, expanding 
and contracting at various speeds, roughly matching the contrast  

and motion characteristics of the faces and hands clips25. Dynamic  
video clips of faces were presented as, compared with static faces, 
they elicit more robust responses in brain regions critical for 
face processing, such as the fusiform gyrus and amygdala, and  
engage a more elaborate network for face processing, includ-
ing regions in the frontal cortex and along the superior temporal 
sulcus26. The three viewing conditions were organized into 18s 
blocks (five “Ambiguous”, five “Angry”, nine control) for a total 
of 160 echo planar imaging (EPI) volumes in a single 6-minute 
fMRI run. Using this paradigm, probabilistic maps of the brain 
response to faces were created27, global genetic contributions to 
the response estimated28, and various developmental processes in  
population-based studies investigated8,29–32.

Acquisition parameters
Acquisition parameters were as follows: GE-EPI (AC-PC); reso-
lution = 3.4 x 3.4 mm; FOV = 220 x 220 mm; matrix = 64 x 64; 
slice thickness = 2.4 mm; number of slices = 45; gap = 1 mm; 
TR/TE = 3000/35; TI = 0; flip angle = 90; NEX=1, acquisition  
time = 6.42. Slice ordering was interleaved (ascending).

ALSPAC Psychotic Experiences (ALSPAC-PE)
Sample description
The ALSPAC-PE Study was established to investigate the effects 
of subclinical psychosis on brain structure and function. A  
subsample of 4,323 participants aged 17–18 from the ALSPAC 
cohort were assessed for psychotic experiences (PE), using the 
psychotic-like symptoms semi-structured interview (PLIKS)33,34,  
administered by trained psychologists. A definite or suspected 
PE was confirmed using the clinical criteria of the Schedule 

Figure 2. Venn diagram depicting participant overlap within the three ALSPAC-MRI sub studies. A total of 22 individuals participated 
in both the Testosterone and PE studies, 33 individuals participated in both the Testosterone and SZC-RbG studies, 11 individuals in both the 
PE and SCZ-RbG studies, and three individuals participated in all. PE: psychotic experiences, SCZ-RbG: schizophrenia-Recall-by-Genotype.
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for Clinical Assessment in Neuropsychiatry35. Approximately 
10% of those tested (n=433) were identified as having experi-
enced at least one definite or suspected PE and were invited to  
participate in this study. Of these, 29.1% (n=126) were 
scanned. A total of 3,887 participants of the original pool did 
not show any symptoms of PE, and of these, 3.24% (n=126) 
agreed to undergo scanning. The control group were randomly  
selected until the number of participants in each group was bal-
anced. The mean age at time of scanning was 20.10 (SE=0.002) 
years of age in the control group, and 20.05 (SE =0.002) in 
the PE group. A full description of the protocol and original  
findings have previously been reported36.

The data acquired from this study have demonstrated that, in 
this population-based sample, PE are associated with region-
specific reductions in gyrification of the left temporal gyrus and  
volume of the left occipital and right prefrontal gyri, but not 
white matter37. Analysis of whole-brain structural connectomes 
demonstrated differences in both global and local topology in 
individuals with PE compared to those without38. An additional 
study identified clusters of differences in measures of mean  
diffusivity and fractional anisotropy between participant groups39.

Ethical approval for this study was given by both the Cardiff 
University School of Psychology Ethics Committee and the 
ALSPAC Ethics and Law Committee, and informed consent was  
obtained from all participants (ALSPAC project ID B709).

Scanner acquisition parameters
For each participant (n=252, 35% male, of which 126 with PEs 
and 126 controls) structural, diffusion, relaxometry, and on a 
slightly small subset of the sample, functional MR data were  
collected. Participants were instructed to get a typical night’s 
sleep before each scan, not to drink more than one alcoholic 
beverage, and to abstain from drinking coffee within 2 hours  
preceding each scan.

Structural MRI
T

1
-weighted structural images with a 1mm isotropic resolu-

tion were acquired using a FSPGR sequence (TR = 7.8 ms, 
TE = 3.0 ms, TI = 450 ms, flip angle = 20°, acquisition matrix 
= 256 × 192, zero-padded matrix = 256 × 256). T

2
-weighted  

whole brain scans were acquired using a coronal TSE 
sequence with the following parameters: TR=10000 ms for 
3T, TR=9000 ms for 1.5T; TE=14 ms for 3T, TE=64 ms for 
1.5T; FA=149 for 3T, FA=180 for 1.5T; Bandwidth=193 for 3T,  
Bandwidth=149 for 1.5T; voxel size same as for T

1 
scans; 

NEX=1 for the 3T, NEX=2 for the 1.5T. Acquisition of each  
volume took approximately 14.5 minutes. 

Diffusion tensor imaging
Diffusion MRI comprising a cardiac-gated diffusion-weighted 
spin-echo echo-planar imaging sequence was used to obtain 
high angular resolution diffusion weighted images (HARDI). A 
total of 60 gradient orientations and 6 unweighted (b = 0 s/mm2)  
images were acquired with the following parameters: TR 
= cardiac-gated, TE = 87 ms, acquisition matrix = 96 × 96,  

zero-padded matrix = 128 × 128), FoV = 230 × 230 mm.  
Following zero-padding, the reconstructed image resolution  
for the HARDI scans was 1.8 × 1.8 × 2.4 mm.

Multi-component driven equilibrium single-pulse 
observation of T1 and T2 (mcDESPOT)
SPGR images across eight flip angles, one inversion  
recovery SPGR (IR-SPGR) and SSFP images across eight flip 
angles and two phase-cycling angles were acquired in a 3T 
GE HDx MRI system (General Electric Healthcare). A total of  
25 images were acquired for each participant. All images 
were acquired in sagittal orientation with a slice matrix of 
128 x 128 mm (1.72 x 1.72 mm resolution) with a minimum 
of 88 slices (slice thickness = 1.7 mm). Additional slices 
were added for some participants to ensure full head cover-
age. Sequence-specific parameters were as follows: SPGR:  
TE = 2.112 ms, TR = 4.7 ms, flip angles = 3°, 4°, 5°, 6°, 7°, 9°, 
13° and 18°. IR-SPGR: TE = 2.112ms, TR = 4.7ms, IR = 450 
ms, flip angle = 5°. SSFP: TE = 1.6 ms TR = 3.2 ms, flip angles 
of 10.59°, 14.12°, 18.53°, 23.82° 29.12° 35.29°, 45°, 60° and  
phase-cycling angles of 0° and 180°.

Functional MRI data
Acquisition parameters. T

2
*-weighted gradient-echo echo-pla-

nar images along the axial plane parallel to the AC–PC line  
(TR = 2000 ms, TE = 30ms, flip angle = 75°, FOV = 240 ×  
240mm, resolution = 3.75 × 3.75 × 3.5 mm).

Paradigm: Working Memory
A letter variant of the N-Back task was used. Participants were 
instructed to press a button with their index finger when the  
letter that was presented on the screen was identical to the one 
they saw n trials earlier, where n can be 1, 2, or 3. During 0-
back testing, participants were instructed to press the button 
whenever the letter X was presented on the screen. Each condi-
tion was presented three times in a pseudorandom order in blocks  
of 14 items; each item lasted 2 s and was preceded by a 3 s writ-
ten instruction on the screen. During each block, there were 
three correct combinations, giving a maximum of nine cor-
rect responses per condition. Including the instruction, each 
block was 31 s long, making the total duration of the N-Back  
task 372 s40.

ALSPAC-Schizophrenia Recall-by-Genotype
Sample description
The SCZ-RbG study was established to understand the effects 
of genetic variants contributing to schizophrenia (SCZ) on brain 
developmental and behavioural outcomes, with a focus on decom-
posing effects according to specific biological pathways. A  
recall-by-genotype design, which increases power by sampling 
participants from the tails of genotypic distribution for a  
particular trait or risk factor41, was utilised.

All participants within ALSPAC were genotyped using the Illu-
mina HumanHap550 quad chip genotyping platform and were 
subjected to standard quality control methods42. A total of 8,653 
offspring ALSPAC participants had genotypic data available  
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for this study. Genetic risk scores (GRS) were calculated for 
each participant using methods outlined by the International 
Schizophrenia Consortium, based on results from the Psychi-
atric Genomics Consortium SCZ genome-wide association 
study43. GRSs for schizophrenia (GRS

SCZ
), were derived for each  

individual using the “score” command in Plink (version 1.07)44. 
This summed together the number of risk alleles (coded 0, 1 or 
2) for each single nucleotide polymorphism (SNP), weighted 
using the logarithm of each SNP’s odds ratio for SCZ, using the  
Psychiatric Genomics Consortium summary statistics.

The GRS
SCZ

–based RbG was calculated based upon a GRS
SCZ

 
generated from SNPs with a discovery GWAS training-set P 
≤. 05 threshold, including approximately 5% of all imputed 
SNPs. This threshold was set as it as it was most predictive of  
SCZ liability in the primary GRS

SCZ
 analysis, using training 

data/summary statistics derived from the largest SCZ genome-
wide association study (34,241 cases and 45,604 controls)43. 
Of the total 8,365 individuals, 196 participants (low GRS

SCZ
 [n 

= 98]; high GRS
SCZ

 [n = 98]) completed a series of psychomet-
ric and neuroimaging paradigms that are robustly associated  
with the aetiology of SCZ. An additional 104 participants declined 
the invitation to participate. In agreement with previous stud-
ies, non-participation was associated with the high GRS

SCZ
 

group (low GRS
SCZ

 [n = 40]; high GRS
SCZ

 [n = 64])29. Research-
ers were blind to which tail of the GRS

SCZ
 distribution each  

individual was selected from during both data collection and 
processing. In the final sample, the GRS

SCZ
 groups were matched 

for gender (low GRS
SCZ

: 52 female, 46 male; high GRS
SCZ

: 52 
female, 46 male)42. Ethical approval for the study was obtained 
from the ALSPAC Law and Ethics Committee and the local  
research ethics committees, and all participants provided  
written informed consent (ALSPAC project ID B1276). Results 
from this study have demonstrated differences in BOLD (blood 
oxygen level-dependent) signal between groups during reward 
processing in the ventral striatum and whole brain42.

Scanner acquisition parameters and MRI data analysis
Structural, DTI, and functional MR data were collected (n = 196 
for sMRI, n=191 for DTI, n=190 for fMRI N-Back task, n=192 
for fMRI reversal learning task, n=196 for MEG resting-state,  
n=199 for MEG N-Back task, and n=197 for participants com-
pleting three MEG mismatch negativity sessions). In most cases, 
two scan sessions (one for MEG and one for DTI/MRI/fMRI) 
were required to collect the complete imaging dataset. Partici-
pants were instructed to get a typical night’s sleep before each  
scan, not to drink more than one alcoholic beverage, and to  
abstain from drinking coffee within 2 hours preceding each scan.

Structural scans
High-resolution 3-dimensional T

1
-weighted images were 

acquired using a 3D FSPGR with contiguous sagittal slices of 1 
mm thickness (TR=7.9 s, TE = 3.0 ms, TI = 450 ms, flip angle 
= 20°, FOV = 256 × 256 × 176 mm to yield 1 mm3 isotropic  
voxel resolution images) were collected for each participant.

Structural MRI
T

1
-weighted structural scans were acquired using an oblique 

axial, 3D FSPGR with the following parameters: TR = 7.9 ms, 

TE = 3.0 ms, inversion time = 450 ms, flip angle = 20°,  
1 mm isotropic resolution, with a total acquisition time of  
approximately 7 minutes.

Diffusion tensor imaging
HARDI data were acquired using a cardiac-gated, peripher-
ally gated twice-refocused spin-echo EPI sequence. A total 
of 60 gradient orientations and three non-diffusion weighted  
(b = 0 s/mm2) images were acquired with effective TR/TE 
of 15R-R intervals/87ms, FoV = 230 × 230 mm, acquisition 
matrix = 96 × 96, zero-padded matrix = 128 × 128. Follow-
ing zero-padding, the reconstructed image resolution for the 
HARDI scans was 1.8 × 1.8 × 2.4 mm. Sets of 60 contiguous 
2.4-mm thick axial slices were obtained, with diffusion-sensitiz-
ing gradients applied along 30 isotropically distributed gradient  
directions (b = 1,200 s/mm2).

Multi-component driven equilibrium single-pulse 
observation of T1 and T2 (mcDESPOT)
SPGR images across eight flip angles, one inversion recovery 
SPGR (IR-SPGR) and SSFP images across eight flip angles and 
two phase-cycling angles were acquired. A total of 25 images  
were acquired for each participant. All images were acquired 
in sagittal orientation with a slice matrix of 128 x 128 mm 
(1.72 x 1.72 mm resolution) with a minimum of 88 slices (slice  
thickness = 1.7mm). Additional slices were added for some 
participants to ensure full head coverage. Sequence-specific 
parameters were as follows: SPGR: TE = 2.112ms, TR = 4.7ms, 
flip angles = 3°, 4°, 5°, 6°, 7°, 9°, 13° and 18°. IR-SPGR:  
TE = 2.112ms, TR = 4.7ms, IR = 450ms, flip angle = 5°. SSFP: 
TE = 1.6ms TR = 3.2ms, flip angles of 10.59°, 14.12°, 18.53°, 
23.82° 29.12° 35.29°, 45°, 60° and phase-cycling angles of  
0° and 180°.

fMRI data
Acquisition parameters. Gradient echoplanar imaging data 
were acquired for each participant using the following param-
eters: 35 slices, slice thickness = 3 mm/1 mm gap, acquisition  
matrix = 64 × 64; FOV = 220 mm, TR = 2000 ms, TE = 35 ms, 
flip angle = 90°, ASSET factor; 2. All functional images were 
first motion scrubbed, where TRs with a frame wise displace-
ment of greater than 0.9 were removed. A total of 354 volumes  
(12 minutes) for the reversal learning and 265 volumes (9 minutes)  
for the N-Back study were acquired.

Paradigm: N-Back working memory task
Participants performed a cued sequence production task, respond-
ing to visually cued sequences by generating responses using 
their right-hand on a fibre-optic response box. Responses 
were made using four fingers of the left hand (the thumb was  
excluded). Visual cues were presented as a series of Arabic num-
bers from 1 to 4. Each number was mapped to one of the four 
buttons on the response box. N-Back experiments were designed 
with three load levels (0, 1 and 2) following the same order dur-
ing the 6 runs. The total number of presented numbers for each 
N-Back level per run was 10 (resulting in 10 responses for  
0-back level, nine response for 1-back level and eight response 
for the 2-back level). The sequence of presented num-
bers was generated via a randomisation procedure for each  
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participant. Every block started with a label (‘0-back’,’1-back’,’ 
2-back’) to notify the participant of the current N-Back level. 
During the task, participants were not informed about their  
performance.

Each number (trial) was presented for 2 s, separated by an inter-
trial interval (ITI) lasting maximum 3 s, not including any time 
remaining from the previous trial. The duration of each block/
run was fixed. Responses and reaction times to each stimu-
lus were for subsequent analysis of behavioural performance.  
Participants completed six runs of each of three conditions. The 
total duration of the experiment was approximately 10 minutes, 
with 9 minutes the actual block/run time. Each block/run  
included 15 slices with a total duration of 30 s.

Participants had performed the same task earlier on the same 
day as part of a MEG acquisition, and so were already famil-
iar and practiced with the task when performing during the 
MRI acquisition. Stimulus presentation was performed by 
MATLAB version 7.6 (MathWorks, Natick, MA) using the  
Psychophysics Toolbox version 3 (also functional in GNU  
Octave). Key-press responses were collected using a fibre-optic 
button box supplied by NATA Technologies (Coquitlam, BC).

Paradigm: reversal learning
Participants learned to choose one of two simultaneously pre-
sented colours (“blue” and “green”) by receiving monetary 
reward for correct choices and monetary punishment for wrong 
choices (e.g., +1 pence (p] for “blue” and −1p for “green”). After 
7–11 trials, reward/punishment contingencies were reversed 
so that the previously rewarded colour was now punished 
and vice versa. Participants were instructed to maximize 
their earnings during the learning session, which consisted of  
12 reversal episodes in total (108 choice trials). Within each 
reversal episode we included either one or two probabilis-
tic error trials, in which “wrong”-feedback was given for cor-
rect choices, even though the reward contingencies had not  
changed. At the start of each choice trial, participants were pre-
sented with a response cue consisting of two white frames 
surrounding the colours and prompting the participants to 
press the left or right button on a response box to choose one  
colour. Response feedback (choice outcome) was given subse-
quently using a centrally presented white “smiley” (correct choice) 
or red “frowny” (incorrect choice) face and an earnings coun-
ter changing incrementally by ±1 p. In trials following reversal 
or probabilistic error events, i.e., in those trials used for fMRI 
analysis, response cues and feedback stimuli were presented with 
a jittered duration (cue: 4–8 s, mean 5.5 s; feedback: 0.75 s fol-
lowed by 3–7 s (mean 4.5 s)) ITI. To reduce scanning time, in all  
other standard trials a fixed stimulus duration was used (cue 
= 2 s, feedback = 0.75 s). ITIs showed the two colours without 
response cue or feedback and were 0.5-s long after standard tri-
als, and between 4 and 8 s (mean 5.5 s) after probabilistic errors  
and reversals.

Magnetoencephalography (MEG)
Acquisition parameters. Whole-head MEG data were acquired 
using a 275-channel CTF axial gradiometer system sampled 

at 1200 Hz. An additional 29 reference channels were recorded 
for noise cancellation purposes. Vertical and horizontal  
electrooculography were also collected as bipolar recordings.

All experiments were run on MATLAB using the Psychophys-
ics Toolbox45,46. Stimuli for all experimental paradigms were 
presented using a Mitsubishi Diamond Pro 2070 CRT monitor 
viewed through a hole cut into the shielded room. All displays were  
presented at 1024 x 768 resolution and 100-Hz refresh rate.

Paradigm: resting state
Participants underwent a 5-minute resting state recording. Par-
ticipants were instructed to keep their eyes open and to fix-
ate on a centrally presented red square (approximately 0.2° in  
width).

Paradigm: N-Back
Participants performed a cued sequence production task that  
was identical to that performed in the fMRI session.

Paradigm: visual stimulation
Participants undertook 100 trials of visual stimulation with a 
grating stimulus. The stimuli were stationary, vertically ori-
ented, luminance-defined, square-wave gratings with a spa-
tial frequency of three cycles/°. Each stimulus was masked 
by a square window measuring 8 × 8° and presented centrally 
at maximum contrast on a mean luminance (26.5 cd/m2) grey  
background.

Each trial consisted of a 2000-ms baseline period, followed 
by presentation of the stimulus for a random duration between 
1500 and 2000 ms, followed by a 1000-ms response period,  
resulting in a total trial time between 4500 and 5000 ms. Dur-
ing each trial a red square (approximately 0.2° in width) was 
present continuously, and participants were instructed to main-
tain fixation on the square throughout. To encourage partici-
pants to maintain attention to the stimuli, they were instructed to 
respond to stimulus offset from the screen by pressing a single  
button with the index finger of their right hand as rapidly as  
possible.

Paradigm: mismatch negativity
Participants undertook a mismatch negativity paradigm based 
on the ‘Optimum-1’ paradigm of Näätänen et al.47. Participants 
listened to a sequence of tones that alternated between a stand-
ard tone and one of a number of deviant tones with stimulus  
onset asynchrony of 300 ms5.

The standard stimulus was a harmonic tone composed of three 
sinusoidal partials of 500, 1000, and 1500 Hz, and was 75 ms 
in duration. The intensity of the second and third partials was 
lower than that of the first partial by 3 and 6 dB, respectively.  
The stimuli were presented via headphones at 60 dB above the 
individual participant’s hearing threshold with equal phase and  
intensity at both ears.

The deviant tones differed from the standard tone by one of the 
following properties: frequency, duration, intensity, perceived 
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sound-source location, or by having a gap in the middle of 
the tone. For frequency deviants, half were 10% higher in fre-
quency from the standard and the other half were 10% lower. For  
intensity deviants, half were +10dB relative to the standard and 
half were -10dB. For sound-source deviants, an interaural delay 
of 800µs was introduced to the right ear half of the deviants, 
and for the left ear for the other half. The duration deviant had  
a duration of 25 ms. The gap deviant was created by leaving a 
silent gap of 7 ms in the middle of the stimulus. Deviant tones  
were otherwise identical to the standard tones.

The tones were presented for 15 minutes, split into 5-minute 
blocks with short breaks between. The order of deviant tones 
was randomised for each participant subject to the constraint that  
successive deviants were always of a different type. 

Extraction of image-derived phenotypes from 
structural MRIs
T

1
-weighted images were processed using the automated  

FreeSurfer brain imaging software package (Version 6.0.0) via 
the ‘recon-all’ command including the -qcache flag. Processing 
includes an automated pipeline of removal of non-brain tissue,  
voxel intensity correction for B

1
 field inhomogeneities, segmen-

tation of voxels into white matter, grey matter or cerebral spinal 
fluid, and generation of surface-based models of white and grey 
matter. Each vertex within the cortical ribbon is automatically 
assigned a label based on a predefined atlas, and parcellated 
into 34 cortical regions. Each voxel within the normalised brain 
is then assigned 1 of 42 labels, which includes 8 subcortical  
regions48.

Reconstructed images were subjected to QC measures following  
the ENIGMA consortium structural image processing protocol49. 
This included blinded visual inspection by two independent 
reviewers of the cortical external parcellation, cortical internal  
parcellation and subcortical segmentation via html brainmap 
outputs. The quality of cortical parcellation was determined 
by inspecting both lateral and medial snapshots of pial surface 
reconstructions, and internal slices through the brain. Subcor-
tical images, and their segmentation, were assessed using the 
same protocol. Images were rated as “pass”, “moderate”, or 
“fail” quality for cortical parcellation and subcortical segmenta-
tion separately. Fail level scoring was defined as the presence of 
motion or other artefacts that significantly compromised image 
quality. Images from participants with substantial deviation 
from average neuroanatomy (e.g., volume of ventricles, skull 
shape) were identified and discussed with two additional review-
ers to determine if this affected the overall parcellation or seg-
mentation quality, and rated accordingly. No manual editing was  
applied to the reconstructed images.

Histograms of FreeSurfer output were assessed to confirm 
normal distribution of all extracted measures. Participants 
with thickness, surface or volumetric measures that deviated  

± 2.698*SD were identified and closely inspected in the brainmap  
images. If a participant was identified as an outlier, but vis-
ual inspection confirmed accurate parcellation/segmentation,  
this did not affect their overall rating.

Within the three sub-studies the following number of recon-
structed images failed quality control: Testosterone study: 5.0% 
(n=24) of cortical and 3.7% (n=18) of subcortical scans, PE 
Study; 4.03% (n=10) of cortical and 1.61% (n=4) of subcortical  
scans, SCZ-RbG Study; 2.03% (n=4) of cortical and 3.05% 
(n=6) of subcortical scans. Overlap of failure of cortical and 
subcortical quality control was as follows; Testosterone Study 
20.85% (n=5), PE Study 0% (n=0), and SCZ-RbG Study 100%  
(n=4).

Image derived phenotypes of global, cortical and subcortical 
measures are available in csv format. In addition, all files pro-
duced from the recon-all pipeline are available for whole brain 
analyses. Results of the visual inspection of FreeSurfer output  
are also available to researchers, and we recommend exclusion 
of participants with a “fail” status, and the inclusion of sensitiv-
ity analyses with the removal of participants with a “moderate”  
quality image.

Data availability
Underlying data
ALSPAC data access is through a system of managed open 
access. To access the ALSPAC data included in this data note, and  
all other ALSPAC data, please follow the steps below.

1.     Please read the ALSPAC access policy (http://www.
bristol.ac.uk/media-library/sites/alspac/documents/
researchers/data-access/ALSPAC_Access_Policy.pdf) 
which describes the process of accessing the data and 
samples in detail, and outlines the costs associated with  
doing so.

2.     You may also find it useful to browse our fully search-
able research proposals database (https://proposals.
epi.bristol.ac.uk/?q=proposalSummaries), which lists 
all research projects that have been approved since  
April 2011.

3.     Please submit your research proposal (https://propos-
als.epi.bristol.ac.uk/) for consideration by the ALSPAC 
Executive Committee. You will receive a response 
within 10 working days to advise you whether your  
proposal has been approved.

Data are available in the following formats: structural MRI 
(NifTI, defaced), mcDESPOT (raw DICOM), functional MRI 
(raw DICOM), DTI (raw DICOM). Image derived phenotypes 
extracted from the sMRIs using FreeSurfer and QC results 
are available in csv format. Full details regarding the num-
bers of available datasets across modalities for each ALSPAC  
sub-study are described in Table 2.
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Table 2. Numbers of available datasets across modalities for each ALSPAC neuroimaging sub-study. MRI: 
magnetic resonance imaging, sMRI: structural MRI, fMRI: functional MRI, DTI: diffusion tensor imaging, mcDESPOT (multi-component 
driven equilibrium single-pulse observation of T1 and T2), FSPGR: fast spoiled gradient echo, PE: psychotic experiences, SCZ-RbG: 
schizophrenia-Recall-by-Genotype, NifTI: Neuroimaging Informatics Technology Initiative, CSV: comma-separated values, DICOM: Digital 
Imaging and Communications in Medicine. IDPs (image derived phenotypes) were extracted from sMRIs using FreeSurfer (version 6.0).

sMRI sMRI fMRI fMRI fMRI mcDESPOT DTI

T1-type 
FSPGR

IDP Faces N-Back Reversal 
Learning

Testosterone Study 504 489 474 489 500

PE Study 252 249 214 248 250

SCZ-RbG Study 195 195 192 192 183 189

Format NifTI CSV raw DICOM raw DICOM raw DICOM raw DICOM raw DICOM
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This manuscript presents a summary of three neuroimaging substudies nested in the ALSPAC 
cohort and focused on young adults between the ages of 18-21 years. The studies include a more 
general population-based study in males only related to understanding the role of testosterone in 
adolescence on brain development (n=513), a more targeted study investigating brain structure 
and function amongst young adults who have suffered a psychosis like experience/episode and 
then a highly targeted investigation of high vs low genetic risk for schizophrenia and brain 
structure and function in young adulthood. This is a well written study which is potentially a very 
useful resource for internal and external researchers to support the broader use of the data. 
  
The hypothesis-based aims of the three studies mean that the potential to use this data for 
answering other questions may be limited. The fact that the samples are so highly selected should 
have some reflection in the abstract. Given that the rationale for the paper is to describe the 
different data sets in a manner that may allow them to be used for other aims, a more detailed 
discussion of how the datasets overlap not only in terms of numbers, but also acquisition 
sequences, processing approaches across different modalities (not just the structural). Within the 
descriptions of the different studies, detail is given about acquisition sequences (and functional 
MRI task-paradigms) as well as a variable amount of detail about QC approaches. Having more 
detail about what domains the paradigms were attempting to establish across the different 
cohorts would be useful for outside researchers to understand how the task-based fMRI data may 
potentially be used. More closely aligning the way the studies are reported in the manuscript 
(including how much information is offered regarding sample selection, sequences acquired, 
acquisition protocols, QC, results summary and potential limitations of the datasets) would also 
make it easier to make sense of how the very different studies might intersect. A discussion 
section which synthesizes this information in a narrative form would be very helpful. This can 
include potential strategies for using these data as well as clear discussion of limitations.
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Many thanks for giving me the opportunity to review this paper. This study describes three 
neuroimaging (MRI) projects nested in the population-based ALSPAC birth cohort. The three 
individual projects include the ALSPAC-Testosterone Study (n=513; males only), ALSPAC Psychotic 
Experiences Study (n=252) and ALSPAC Schizophrenia Recall-by-Genotype (n=196). This study 
describes how brain imaging data were collected for these separate projects and what quality 
control procedures were applied. In addition, it briefly discussed the results from these studies 
and how researchers can get access to the data. The paper reads very nicely and coherently, and 
QC protocols are presented in great detail. It is also very clear from the table how many 
individuals had complete data available for the specific imaging modalities datasets. However, I 
would find it interesting to read more about these sub-project taken together and what are the 
future directions of neuroimaging in ALSPAC, perhaps in a separate/final paragraph of the 
paper(?) 
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The study described the individual scanning and QC protocols, and that they were harmonised 
across sub-studies where possible. I would be interested to read which parts of the protocol could 
not be harmonised. And could this have had any effects on the results and their interpretation? 
 
As shown in the Venn diagram, there is little overlap of participants from the 3 sub-projects 
(naturally, because of the 3 quite different hypotheses and research aims). However, has there 
been any effort made to make these number bigger? It would have given so many opportunities 
to study longitudinal adolescent/early-adulthood brain development. 
 
In addition, I think it would be interesting to read something about the future directions of 
neuroimaging studies in ALSPAC. Are there any research plans of the authors using these already 
available dataset? Is there a way to harmonise them more in order to more fully benefit from the 
wealth of ALSPAC data? 
 
Relatedly, are there new ALSPAC-MRI sub-projects planned? 
 
Also, I've noticed that not all of the imaging modalities of the 3 separate projects have been 
published about in peer-reviewed articles. For example, for the SCZ-RbG study, only structural and 
functional MRI (reversal learning paradigm) have been studied. Are there any plans to look at the 
other modalities too? Or have these resulted in null findings? 
 
Minor point: in Table 1, the authors wrote "Psychosis Study", but perhaps PEs study would fit 
better with the rest of the article.
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This paper describes three brain imaging (MRI) projects nested in the famous ALSPAC birth cohort. 
The emphasis is on imaging methodology of these projects, i.e. ALSPAC-Testosterone Study 
(n=513; males only), ALSPAC Psychotic Experiences Study (n=252) and ALSPAC Schizophrenia 
Recall-by-Genotype (n=196). The paper is very coherent and describes clearly the scanning and 
image processing protocols. 
 
The quality control (QC) dimension that is highlighted in the abstract/overview is mentioned only 
rather briefly by citing the well-known ENIGMA consortium protocol. Accomplishing long-term 
cohort follow-ups and collecting data from multiple sources using demanding methods and 
techniques as here, is to be complimented.The sample sizes are large or largish for the field, while 
I read no comments on power issues re: the possible main outcomes. 
 
I understand that the focus in this paper is in illustrating the methods of these projects e.g. for the 
purposes of the projects, data sharing and other collaborations. However, I still miss more 
information on the rationale, aims and expected results or hypotheses (if any). It would be 
interesting to hear, why these domains were selected as foci here. Which metrics are the most 
interesting ones at this stage? What were the most burning questions to be answered by these 
studies? Or was the idea more of collecting an image bank from a population based cohort around 
certain themes without having highly focused questions in mind? both approaches are ok, but a 
comment on this would be nice.
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