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ABSTRACT
Introduction  Structural MRI is the most frequently 
used method to investigate brain volume alterations 
in neuropsychiatric disease. Previous meta-analyses 
have typically focused on a single diagnosis, thereby 
precluding transdiagnostic comparisons.
Methods and analysis  We will include all structural 
MRI studies of adults that report brain volumes for 
participants from at least two of the following diagnostic 
groups: healthy controls, schizophrenia, schizoaffective 
disorder, delusional disorder, psychotic depression, 
clinical high risk for psychosis, schizotypal personality 
disorder, psychosis unspecified, bipolar disorder, autism 
spectrum disorder, major depressive disorder, attention 
deficit hyperactivity disorder, obsessive compulsive 
disorder, post-traumatic stress disorder, emotionally 
unstable personality disorder, 22q11 deletion syndrome, 
generalised anxiety disorder, social anxiety disorder, 
panic disorder, mixed anxiety and depression. Network 
meta-analysis will be used to synthesise eligible studies. 
The primary analysis will examine standardised mean 
difference in average volume, a secondary analysis will 
examine differences in variability of volumes.
Discussion  This network meta-analysis will provide a 
transdiagnostic integration of structural neuroimaging 
studies, providing researchers with a valuable summary 
of a large literature.
PROSPERO registration number  CRD42020221143.

BACKGROUND
A wide range of neuropsychiatric disorders have 
been associated with alterations in regional brain 
volumes.1–3 Understanding whether regional 
patterns of structural abnormalities differ between 
disorders as opposed to representing a more general 
transdiagnostic disease process has major relevance 
for understanding the pathophysiology of neuro-
psychiatric disease.

In addition to studying differences in the mean 
size of regional brain volumes, recent studies have 
highlighted that the variability of regional volume 
size also differs between healthy controls and indi-
viduals with psychiatric disorders.2 3 In some disor-
ders, relatively homogenous volumetric changes to 
specific brain regions are observed, whereas other 
regions display more heterogenous differences, 
suggesting that structural alterations may only be 

present within certain subgroups of the diagnostic 
category.

Meta-analysis has frequently been used in 
attempts to synthesise findings from the large 
number of studies of brain volumes. These analyses, 
however, typically only examine a single disorder.2 3 
Network meta-analysis is an approach that is gener-
ally used for the comparison of efficacy across 
multiple health interventions, but can also be used 
to allow for the coherent synthesis of structural 
imaging studies across multiple disorders. Previous 
transdiagnostic meta-analyses have occasionally 
been reported. However, these meta-analyses either 
studied a restricted range of diagnoses4; or used 
an activation likelihood estimate approach, which 
does not allow for quantification of effect sizes and 
so preclude determination of whether one disorder 
displays a regional volumetric alteration greater in 
magnitude than another.1

In the current protocol, we describe a network 
meta-analysis of structural MRI studies across a wide 
range of neuropsychiatric disorders. The primary 
objective of the study is to quantify patterns of simi-
larity and differences between disorders in terms of 
regional brain volumes. The secondary objective 
is to examine how patterns of variability of brain 
volumes differ across neuropsychiatric diagnoses.

METHODS AND ANALYSIS
Types of studies
All relevant published observational studies that use 
MRI to compare brain volumes in one neuropsy-
chiatric disorder to another, or to controls will be 
identified by searching the relevant international 
scientific literature.

Types of participants
The eligible population consists of individuals age 
18 and over, of both sexes, with established diag-
noses of any of the following disorders: schizo-
phrenia, schizoaffective disorder, delusional 
disorder, psychotic depression, clinical high risk 
for psychosis, schizotypal personality disorder, 
psychosis unspecified, bipolar disorder, autism spec-
trum disorder, major depressive disorder, attention 
deficit hyperactivity disorder, obsessive compulsive 
disorder, post-traumatic stress disorder, emotion-
ally unstable personality disorder, 22q11 deletion 
syndrome, generalised anxiety disorder, social 
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anxiety disorder, panic disorder, mixed anxiety and depres-
sion. In addition, data from control groups will be extracted. 
These diagnoses encompass the vast majority of neuropsychi-
atric disorders in terms of lifetime prevalence, with the excep-
tion of substance use disorders.5 We have chosen not to include 
substance use disorders due to the difficulties in disambiguating 
the brain changes associated with the pathophysiology of addic-
tion, and those that result from the direct effects of substance 
use.

Diagnoses should have been made using standardised diag-
nostic criteria such as the Research Diagnostic Criteria, Diag-
nostic and Statistical Manual of Mental Disorders, Third Edition 
(DSM-III), DSM-III-R, DSM-IV, DSM-5, International Clas-
sification of Disease, 10th Revision (ICD-10), ICD-11 or the 
comprehensive assessment of At-Risk Mental States.6 Study arms 
explicitly examining participants with comorbid psychiatric 
or physical health disorders will not be included. Uncertainty 
regarding study eligibility will be decided by discussion between 
authors.

Outcome measures
For each study, we aim to collect the mean and SD of volumetric 
(in mm3 or cm3) or thickness (mm or cm) measurements for 
global and/or regional brain structures. Brain volumes examined 
will include: whole brain, whole brain white matter, whole brain 
grey matter, whole brain cerebrospinal fluid, amygdala, ante-
rior cingulate cortex, accumbens, caudate, cerebellum, corpus 
callosum, frontal lobe, hippocampus, insula, lateral ventricle, 
pallidum, parahippocampal gyrus, parietal lobe, putamen, 
temporal lobe, thalamus and third ventricle. If reported sepa-
rately, values will be extracted for both left and right hemispheres.

If only subregions of the above regions are reported (eg, frontal 
pole and medial frontal cortex are reported, but no overall value 
for frontal lobe is reported), then all subregions for the region 
in question will be combined. For volume measurements, the 
overall mean volume measure will be obtained by summing 
the subregion volumes, with SD being calculated according to 
standard propagation of uncertainty formula with the between 
region correlation assumed to be 0.7. For thickness measure-
ments overall mean volume measure will be obtained by aver-
aging the subregion thickness values, with SD being calculated 
according to standard propagation of uncertainty formula, with 
the between region correlation assumed to be 0.7, and subre-
gions weighted according to their estimated volume as reported 
within the Desikan-Killany atlas.7

If both normalised and non-normalised volumes are reported, 
non-normalised volumes are preferred. If grey and white matter 
values are reported separately for a region, grey matter values 
are preferred. If both volume and thickness measurements (in 
mm or cm) are reported, volume measurements are preferred.

Search strategy
The search strategy will include terms related to the study popu-
lation, study type and main outcome. This search will extract 
studies from the following databases: Embase (Ovid interface), 
Medline (Ovid interface) and PsycINFO (Ovid interface). Hand-
searching will also be performed to supplement electronic data-
base searches; this will involve reviewing the reference lists of 
studies meeting our eligibility criteria.

Search term
((“magnetic resonance imaging” or MRI) and volume and 
(schizophren* or psychosis or schizoaffective or delusional or 

bipolar or depression or depressive or affective or autism or ASD 
or ADHD or “attention deficit” or anxiety or OCD or “obsessive 
compulsive” or PTSD or posttraumatic or 22q or velocardiofa-
cial or “emotionally unstable” or “borderline personality”)).​ab,​
kw,​ti.

Data extraction
Extracted information will be as follows: number of participants 
in each group, mean age, gender (% male), ethnicity (% black, 
white, other), psychiatric diagnosis including any comorbidities, 
age at illness onset, illness duration, psychotropic usage, method 
of measurement (volume vs thickness, automated vs manual), 
magnetic field strength, units of measurement, mean±SD of 
regions stated above.

Seven researchers will select the studies and extract the rele-
vant information (XG, LV, TAH, CC, RM, GW) into a shared 
google sheet. If there is evidence of overlapping samples between 
studies, the study with the larger sample size will be used.

Data synthesis
A qualitative synthesis of the collected data will also be presented. 
This will include summary tables showing the characteristics of 
the study population—demographics, diagnosis, age at illness 
onset, illness duration, medication use and duration of pharma-
cological treatment, and a Preferred Reporting Items for System-
atic Reviews and Meta-Analyses flow chart.

Pairwise meta-analyses
The principal summary measure will be the standardised mean 
difference (Hedges’ g) between diagnostic groups for the volumes 
of different brain regions.8

The secondary summary measure will be the coefficient 
of variation ratio. This is a measure of how variability differs 
between two groups while controlling for mean, and has been 
used in previous meta-analyses of brain structure to identify if 
there is evidence of subgroup phenomena within psychiatric 
disorders.2 3 9

We will perform direct meta-analyses for all pairs with ≥3 
studies to obtain mean brain volume differences with their 
accompanying 95% CIs using a random effects model. Analyses 
will be carried out in the statistical programming language R 
(V.3.5.1) using ‘metafor’ (V.2.1–0).10 Visual inspection of the 
forest plots will be used to investigate the degree of statistical 
heterogeneity, alongside monitoring of τ (the estimated SD of 
random effects) and the I2 statistic. An I2 of less than 25% will be 
deemed to correspond to low heterogeneity, 25%–75% medium 
heterogeneity and greater than 75% high heterogeneity. To help 
visualise and assess the extent of heterogeneity, we will also 
include prediction intervals in all forest-plots.

Small study effects and publication bias will be assessed for 
each pairwise comparison by visual inspection of the contour-
enhanced funnel plot and by performing Egger’s test of the inter-
cept for meta-analyses comprising at least 10 studies.11

Assessment of the transitivity assumption
In an attempt to ensure transitivity in the network, we will 
exclude studies examining paediatric patients, and exclude 
studies in which physical and psychiatric comorbidities are 
specifically studied.

Potential effect modifiers include age, gender and ethnicity. 
As such, we will examine if age, gender (% male) and ethnicity 
(% white) of participants are similarly distributed across the 
different diagnoses and health control populations.
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Network meta-analyses
If there is sufficient similarity between studies in terms of age, 
gender and ethnicity, we will conduct a random-effects network 
meta-analysis to synthesise our data. Network plots will be gener-
ated using the ‘netgraph’ function from the package ‘netmeta’,12 
with each node representing a specific disorder, the size of the 
node being proportional to the number of studies used, and the 
thickness of the lines (edges) between nodes being proportional 
to the number of pairwise comparisons.

We will use a frequentist approach to network meta-analysis 
using netmeta in R (V.1.0–1). In order to allow for comparison 
across different scanners and measurement approaches, we will 
express volume differences between disorders as a standardised 
mean difference (Hedge’s g).

We will produce forest plots using ‘ggplot2’ (V.2.2.1), where 
the control group will be used as the reference. League tables 
will be created to display the relative degree of volume alteration 
for the various diagnostic groups using the ‘netleague’ function.

For each brain region, we will use the P-scores to rank diag-
nostic groups based on the corresponding degree of volume 
alteration. This will be done using the ‘netrank’ function. This 
method will allow us to rank the diagnostic groups on a contin-
uous 0–1 scale for each outcome of interest: a higher P-score 
indicates greater degree of volume alteration. To summarise 
results across brain regions and disorders in a single diagram, we 
will produce a ‘Kilim plot’.13

Assessments of heterogeneity and inconsistency
Heterogeneity of each network will be assessed by monitoring 
of τ and by plotting the prediction intervals for all comparisons 
versus placebo. Consistency of each network (ie, the agreement 
between direct and indirect evidence) will be evaluated using 
a global method (Q statistic) as well as a local method (back-
calculation method using the ‘netsplit’ function).14

Sensitivity analyses
The Enhancing Neuro Imaging Genetics through Meta-Analysis 
(ENIGMA) consortium has published several large scale 
syntheses of neuroimaging data.15 16 It is not straightforward 
to determine the overlap between these studies and previously 
published work, as a result a sensitivity analysis will be ran both 
including and excluding ENIGMA studies.

Metaregression analyses
In addition to neuropsychiatric disorders, multiple other genetic 
and environmental factors also influence brain volumes. These 
include ageing and the use of psychotropic medications. We will 
therefore perform a meta-regression analysis to examine the rela-
tionship between study-level means of participant characteristics 
(gender, age, ethnicity (% white), illness duration, medication 
use) and differences in brain volumes, for each diagnosis versus 
a control population. Meta-regressions will be performed using 
the metafor function in R statistical software (V.3.5.3) and plots 
will be generated using ‘ggplot2’. We will only perform this anal-
ysis for diagnoses compared with controls in at least five studies.

Risk of bias
Two independent reviewers will assess the quality of each study 
using a modified version of the Newcastle-Ottawa Scale for case 
control studies in which the exposure category is not considered 
due to its lack of relevance for imaging studies. This is the most 
appropriate scale given that observational studies are expected 
to predominate. Each study can receive a score from zero (low 

quality, high risk of bias) to six stars (high quality, low risk of 
bias). A threshold of ≥4 stars will be used to designate a high-
quality study.

The ‘Confidence in Network Meta-Analysis’ (CINeMA) appli-
cation will be employed to evaluate the credibility of findings 
from network meta-analysis.14 17 As part of the CINeMA evalua-
tion process, a risk of bias assessment is required for each study 
with each study categorised as at low, unclear or high risk of bias, 
we will use the same threshold of ≥4 stars to classify studies as 
being at low or high risk of bias.

DISCUSSION
Structural brain abnormalities in neuropsychiatric disease have 
been studied in increasing depth over the past half century, 
with the number of studies increasing dramatically following 
the advent of MRI. While meta-analyses of individual disorders 
aid in the synthesis of this vast body of research, understanding 
how findings regarding one disorder relate to another remains 
a major challenge. In recent years studies have undertaken 
transdiagnostic attempts, but these involve smaller numbers of 
participants than a meta-analytic approach allows for or do not 
encompass as broad a range of disorders. This network meta-
analysis provides a powerful approach to deriving a coherent 
understanding of brain abnormalities across neuropsychiatric 
disorders.

Twitter Robert McCutcheon @rob_mccutcheon and Andrea Cipriani @And_Cipriani

Contributors  RMC and TP participated in the conception, drafting, revising and 
final approval of this manuscript. GW, LV, CC, XG, TAH, OE, AC and OH participated 
in the revising and final approval of this manuscript

Funding  TP and RM are funded by the NIHR. OH is funded by Medical Research 
Council-UK (no. MC-A656-5QD30), Maudsley Charity (no. 666), Brain and 
BehaviorBehaviour Research Foundation, and Wellcome Trust (no. 094849/Z/10/Z) 
grants and the National Institute for Health Research (NIHR) Biomedical Research 
Centre at South London and Maudsley NHS Foundation Trust and King’s College 
London, and by NIHR. OE is supported by Ambizione grant No. 180 083 from the 
Swiss National Science Foundation (SNSF). AC is supported by the National Institute 
for Health Research (NIHR) Oxford Cognitive Health Clinical Research Facility, by 
an NIHR Research Professorship (grant RP-2017-08-ST2-006), by the NIHR Oxford 
and Thames Valley Applied Research Collaboration and by the NIHR Oxford Health 
Biomedical Research Centre (grant BRC-1215-20005). The views expressed are 
those of the authors and not necessarily those of the UK National Health Service, the 
NIHR, or the UK Department of Health. The funders had no role in the design of the 
protocol.

Competing interests  RAM, GW, LV, CC, XG, TAH and OE declare no competing 
interests. AC has received research and consultancy fees from INCiPiT (Italian 
Network for Paediatric Trials), CARIPLO Foundation and Angelini Pharma, outside 
the submitted work. TP has participated in speaker meetings organised by Sunovion, 
Lundbeck, and Otsuka. ODH has received investigator-initiated research funding 
from and/or participated in advisory/ speaker meetings organised by Astra-Zeneca, 
Autifony, BMS, Eli Lilly, Heptares, Jansenn, Lundbeck, Lyden-Delta, Otsuka, Servier, 
Sunovion, Rand and Roche. Neither Dr Howes or his family have been employed by 
or have holdings/ a financial stake in any biomedical company.

Patient consent for publication  Not required.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  All data relevant to the study are included in the 
article or uploaded as supplementary information. All data relevant are presented 
within the manuscript.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Robert McCutcheon http://orcid.org/0000-0003-1102-2566
Orestis Efthimiou http://orcid.org/0000-0002-0955-7572
Andrea Cipriani http://orcid.org/0000-0001-5179-8321

copyright.
 on A

pril 20, 2024 by guest. P
rotected by

http://m
entalhealth.bm

j.com
/

E
vid B

ased M
ental H

ealth: first published as 10.1136/ebm
ental-2020-300229 on 13 A

pril 2021. D
ow

nloaded from
 

https://twitter.com/rob_mccutcheon
https://twitter.com/And_Cipriani
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-1102-2566
http://orcid.org/0000-0002-0955-7572
http://orcid.org/0000-0001-5179-8321
http://mentalhealth.bmj.com/


114 McCutcheon R, et al. Evid Based Ment Health 2021;24:111–114. doi:10.1136/ebmental-2020-300229

Protocol

REFERENCES
	 1	 Goodkind M, Eickhoff SB, Oathes DJ, et al. Identification of a common neurobiological 

substrate for mental illness. JAMA Psychiatry 2015;72:305.
	 2	 Rogdaki M, Gudbrandsen M, McCutcheon RA, et al. Magnitude and heterogeneity 

of brain structural abnormalities in 22q11.2 deletion syndrome: a meta-analysis. Mol 
Psychiatry 2020;25:1704–17.

	 3	 Brugger SP, Howes OD. Heterogeneity and homogeneity of regional brain structure in 
schizophrenia: a meta-analysis. JAMA Psychiatry 2017;74:1104.

	 4	 Boedhoe PSW, van Rooij D, Hoogman M, et al. Subcortical brain volume, regional 
cortical thickness, and cortical surface area across disorders: findings from the enigma 
ADHD, ASD, and OCD working groups. Am J Psychiatry 2020;177:834–43.

	 5	 Steel Z, Marnane C, Iranpour C, et al. The global prevalence of common mental 
disorders: a systematic review and meta-analysis 1980-2013. Int J Epidemiol 
2014;43:476–93.

	 6	 Yung AR, Yuen HP, McGorry PD, Yung AR, Pan Yuen H, et al. Mapping the onset 
of psychosis: the comprehensive assessment of at-risk mental states. Aust N Z J 
Psychiatry 2005;39:964–71.

	 7	 Desikan RS, Ségonne F, Fischl B, et al. An automated labeling system for subdividing 
the human cerebral cortex on MRI scans into gyral based regions of interest. 
Neuroimage 2006;31:968–80.

	 8	 Metelli S, Chaimani A. Challenges in meta-analyses with observational studies. Evid 
Based Ment Health 2020;23:83–7.

	 9	 Nakagawa S, Poulin R, Mengersen K, et al. Meta‐analysis of variation: ecological and 
evolutionary applications and beyond. Methods Ecol Evol 2015;6:143–52.

	10	 Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat 
Softw 2010;36:1–48.

	11	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a 
simple, graphical test. BMJ 1997;315:629–34.

	12	 Rücker G. Network meta-analysis, electrical networks and graph theory. Res Synth 
Methods 2012;3:312–24.

	13	 Seo M, Furukawa TA, Veroniki AA, et al. The Kilim plot: a tool for visualizing network 
meta-analysis results for multiple outcomes. Res Synth Methods 2021;12:86–95.

	14	 Salanti G, Del Giovane C, Chaimani A, et al. Evaluating the quality of evidence from a 
network meta-analysis. PLoS One 2014;9:e99682.

	15	 Thompson PM, Stein JL, Medland SE, et al. The enigma Consortium: large-scale 
collaborative analyses of neuroimaging and genetic data. Brain Imaging Behav 
2014;8:153–82.

	16	 Dias S, Welton NJ, Caldwell DM, et al. Checking consistency in mixed treatment 
comparison meta-analysis. Stat Med 2010;29:932–44.

	17	 Nikolakopoulou A, Higgins JPT, Papakonstantinou T, et al. Cinema: an approach 
for assessing confidence in the results of a network meta-analysis. PLoS Med 
2020;17:1–19.

copyright.
 on A

pril 20, 2024 by guest. P
rotected by

http://m
entalhealth.bm

j.com
/

E
vid B

ased M
ental H

ealth: first published as 10.1136/ebm
ental-2020-300229 on 13 A

pril 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1001/jamapsychiatry.2014.2206
http://dx.doi.org/10.1038/s41380-019-0638-3
http://dx.doi.org/10.1038/s41380-019-0638-3
http://dx.doi.org/10.1001/jamapsychiatry.2017.2663
http://dx.doi.org/10.1176/appi.ajp.2020.19030331
http://dx.doi.org/10.1093/ije/dyu038
http://dx.doi.org/10.1080/j.1440-1614.2005.01714.x
http://dx.doi.org/10.1080/j.1440-1614.2005.01714.x
http://dx.doi.org/10.1016/j.neuroimage.2006.01.021
http://dx.doi.org/10.1136/ebmental-2019-300129
http://dx.doi.org/10.1136/ebmental-2019-300129
http://dx.doi.org/10.1111/2041-210X.12309
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.18637/jss.v036.i03
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1002/jrsm.1058
http://dx.doi.org/10.1002/jrsm.1058
http://dx.doi.org/10.1002/jrsm.1428
http://dx.doi.org/10.1371/journal.pone.0099682
http://dx.doi.org/10.1007/s11682-013-9269-5
http://dx.doi.org/10.1002/sim.3767
http://dx.doi.org/10.1371/journal.pmed.1003082
http://mentalhealth.bmj.com/

	Magnitude and variability of structural brain abnormalities in neuropsychiatric disease: protocol for a network meta-­analysis of MRI studies
	Abstract
	Background
	Methods and analysis
	Types of studies
	Types of participants
	Outcome measures
	Search strategy
	Search term

	Data extraction
	Data synthesis
	Pairwise meta-analyses
	Assessment of the transitivity assumption
	Network meta-analyses
	Assessments of heterogeneity and inconsistency
	Sensitivity analyses
	Metaregression analyses
	Risk of bias

	Discussion
	References


