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Extended Methods

Information sources and search strategy

We were particularly interested in including participants studied in MRI scanners across many
countries, since our study examined the between-country variance. We accomplished this through two
methods:

- We included open-access data reporting MRI images from healthy adults within the age range of
interest, collating several databases until November 2021 (see Figure 1). We made the effort to
include all pertinent data, particularly from as many countries as possible, but trying to avoid that our
final sample was dominated by countries over-represented in the scientific literature, such as the USA
or China. The reasoning behind this was to avoid the meta-regression results being solely driven by
differences between these few countries, possibly by confounders. This particularly applied to one
specific database (openneuro.org) in which many studies came from the most represented country,
USA. In that case, we finally included 29% of eligible data from this country. Had we included all the
data in this database from the USA, it would have doubled its representation in the total sample in our
study from 22% to 43%. To check if such a convenience sample of neuroimaging studies (that are
also reporting results from convenience samples) could bias our analyses, we performed confirmatory
analyses excluding all studies from the USA and China.

- We included data from collaborators across the world.

Eligibility criteria

We included samples that reported structural MRI data (T1 weighted) from healthy adults aged 18 to
40 years (inclusive). This age range was selected since it is a period when development and aging
processes are less marked. We excluded participants with known mental health or neurological
disorders. However, we did not define specific assessments that needed to be performed in each site
to define a participant as healthy, but relied on the site definition. To be considered initially for
analysis, samples had to include men and women and at least 15 participants, as well as being
approved by their local ethics committee. The final number of participants could have been lower if
participants were excluded during later quality control checks. Although “gender” is related to the
individual expression of identity, gender inequality measured across countries is usually reduced to
biological sex. This dichotomous definition is also collected in many research data. We therefore use
the term sex of participants, acknowledging incomplete overlap with gender identity.

We focused on images acquired on 1.5T and 3T MRI scanners. We excluded samples from 7T MRI
scanners since they require modifications to the Freesurfer processing pipeline used and their results
might not be entirely comparable (1). High-field (7T) MRI scanners are also more likely to be in high-
income countries, potentially introducing a bias, particularly considering the association between
gender inequality and economic development discussed later. We also explored the potential effect of
the different types of scanners by analyzing only studies done on a 3T MRI scanner.

Preprocessing of imaging data

All imaging data were processed using FreeSurfer’s cortical reconstruction pipeline recon-all (see
Dataset S1 for details of the specific version used). In line with other studies using multi-center data
(2), we used Desikan-Killiany’s cortical parcellation (3), including cortical thickness and separately
surface area of 68 cortical regions of interest (ROI) and the two hemispheres.

Quality control of the process was based on an initial visual quality control. As shown in Dataset S1,
this was performed locally by some collaborating groups, and the rest performed by two reviewers (AZ
and NAC). To check whether this introduced any bias, we performed an analysis only including
studies which were quality controlled by the two reviewers mentioned above. It was then followed up
by an automatic quality control where subjects were excluded if any of the ROls, either in thickness or
surface area, were outliers defined by Tukey’s fence (4):



[1] [Q1-k(Q3-Q1), Q3+k(Q3-Q1)]

Where Q refers to the respective quartile and a value of k=3 was used. We also examined a
scatterplot of the difference between women and men in intracranial volume, excluding one extreme
outlier.

Following our previous work (5), age was linearly regressed out from each sample and residuals of
cortical thickness and surface area were used in subsequent analyses.

We were particularly interested in sex differences that were not due to head size (6). We therefore
included total intracranial volume as a confounder in the surface area analysis, with secondary
analyses using total brain surface. We did not correct for head size in the thickness analysis as
suggested in the literature (7). Our data confirmed that there is little association between thickness
and total intracranial volume (Figure S7).

Country-level measures of gender inequality and economic development

We used a combination of the two most-known gender inequality indices: the United Nations’ Gender
Inequality Index, and the World Economic Forum’s Global Gender Gap Index. To combine both tests,
we first z-normalized them including all countries in the world for which these indices are available; we
then inverted the sign of the World Economic Forum’s normalized index, and took the mean of these
metrics. We used a single time point of these metrics, namely 2019, before the start of the pandemic
as indices could have changed substantially.

Economic development was indexed using the per capita Gross Domestic Product (GDP) of the
country as collated by the World Economic Forum and published for 2019.

Meta-regression analyses

Differences in brain structure between men and women were entered into a random-effects meta-
analysis including a meta-regression, in which country-level gender inequality acted as an explanatory
variable for the observed differences between countries. We performed this analysis independently for
the two hemispheric values of cortical thickness and surface area, and for 68 regions of interest from
the Desikan-Killiany atlas. We used a random-effects model with weights based on the inverse of the
variance of the imaging metric examined, modeling the between-study variance using the Paule and
Mandel estimator (8). When examining localized (regional) associations, we corrected results for
multiple testing using false-discovery-rate (FDR) (9).

As described in the literature (13), per capita GDP was correlated with our summary measure of
Gender Inequality (R=-0.43, P-value<0.0001). We therefore also performed analyses including it as
an extra moderator.

All statistical analyses were performed in R (4.02) using the metafor package (14).

Sensitivity analyses

To ensure further that results were not driven by any single site, we additionally performed a jackknife
analysis (leave one out analysis). As a reliability analysis, we also report separately the association
between the brain metrics and the World Economic Forum and United Nations gender inequality
indicators.
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Left Hemisphere Cortical Thickness
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Figure S1. Association between gender inequality and mean left hemisphere cortical
thickness. The beta associated with inequality was 0.0075 (95%CI -0.0006 to 0.016). When
controlling for the log(per capita GDP), this association was significant, with a beta of 0.0113 (95%ClI

0.0006 to 0.0219) and a P-value of 0.038.
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Figure S2. Reliability analyses of cortical thickness findings. Jackknife analyses shown, with

dashed lines representing statistical significance found in the whole sample analyses. Note that the
mean right hemisphere thickness, as well as right caudal anterior cingulate and right medial
orbitofrontal findings are consistent. The left lateral occipital finding is more dependent on the specific
sample included.



Thickness in women and men
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Figure S3. Association between gender inequality and women’s and men’s right hemisphere
cortical thickness. Beta of association in women was -0.022 (95%CI -0.047 to 0.0036, P = 0.093)

and for men a beta of -0.008 (95%CI -0.036 to 0.021, P = 0.6).



Differences in cortical thickness excluding
China and USA
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Figure S4. Analyses of cortical thickness excluding studies from China and the USA. USA and
China were the countries that contributed the largest number of participants (22% and 15% of the total
sample respectively). This large proportion already considered a convenience sampling approach that
did not include all open access data from these countries. This raised the possibility that the findings
were mostly driven by the differences between these two countries. We included 75 samples with a
total of 5,008 participants. The results were consistent with the main analyses (compare to Figure 3).
Only the lateral occipital cortex was no longer significant in this analysis, after controlling for multiple
comparisons (P = 0.012, Pror= 0.13).



Thickness right hemisphere
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Figure S5. Thickness analyses and the UNDP’s gender inequality index or the World Economic
Forum’s gender gap report. (A) Results for the mean right hemisphere. The x-axis on the World
Economic Forum indicator has been reversed so that it can be read congruently with the UNDP
indicator (left side of x-axis (lower UN Gender Inequality Index and higher World Economic Forum’s
Gender Gap Index): more gender-equal countries). (B) Uncorrected P-values for the identified regions
in the main analyses.




Differences in cortical thickness in 3T MRI studies
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Figure S6. Analyses of cortical thickness only including studies performed on 3T MRI
scanners. 119 studies were included, with a total of 6,969 participants. As shown in the figure, results
are very consistent with the main analyses.



Differences in cortical thickness in studies with N >= 15
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Figure S7. Analyses of cortical thickness only including studies with an N>=15 participants.
113 studies were included, with a total of 7,569 participants. Results were consistent with main
analyses, except for the right anterior caudal cingulate being no longer significant after correcting for
multiple comparisons (Prr= 0.057).



Differences in cortical thickness in studies
with the same visual quality control
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Figure S8. Analyses of cortical thickness only including studies where the visual quality
control of the images was performed by the same two reviewers. 116 studies were included, with
a total of 6,047 participants. Results in the average difference in the right hemisphere were consistent
with the main analyses. Regional results were consistent for the right anterior caudal cingulate, but
instead of the right medial orbitofrontal being significant, it was the right lateral orbitofrontal.



Surface Area Analysis
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Figure S9. Surface Area Analysis. There were no significant associations between gender inequality
and the sex difference in hemispheric surface area, or any of the regions of interest (all Prr> 0.05).
Three sites were not included in this analysis since data was not available (Colombia, Cape Town 2
and 3), with a total of 136 samples and 7,822 participants. Analyses correcting for total surface area
instead of total intracranial volume, including the full dataset of 139 samples, were not significant for
any region of interest either.



Hippocampal Volume Analysis
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Figure S$10. Hippocampal volume analyses. There were no significant associations between
gender inequality and the sex difference in hippocampal volumes after controlling for age and total
intracranial volume. Data of subcortical structures were available for 137 samples including 7,821
participants.
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Figure S11. Total intracranial volume and gender inequality. The association between the
difference in estimated total intracranial volume (eTIV) between women and men, and gender
inequality was not significant (beta -15872, 95%CI -37273 to 5529, P=0.15). As in the area analyses,
three sites were not included, with a total of 136 samples and 7822 participants. Controlling for per
capita GDP did not change the results (beta -15103, 95%CI -39535 to 9329, P=0.23).



Surface area, thickness, hippocampal volume
and total intracranial volume
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Figure S12. Association between total intracranial volume and whole-brain thickness, surface
area and hippocampal volumes. Dashed lines represent median correlation across samples for
each morphometric property and intracranial volume. For hippocampal volume the sum of the left and
right hippocampi is considered.



PNAS

cVEDA Authors

The following authors were part of the cVEDA:

Pratima Murthy'

Amit Chakrabarti?
Debasish Basu?®

B.N. Subodh?®

Lenin Singh*

Roshan Singh*

Kartik Kalyanram®
Kamakshi Kartik®
Kalyanaraman Kumaran®’
Ghattu Krishnaveni®
Rebecca Kuriyan®
Sunita Simon Kurpad®
Gareth J. Barker?©
Rose D. Bharath'
Sylvane Desrivieres'?
Meera Purushottam®
Dimitri P. Orfanos™
Eesha Sharma'®
Matthew Hickman'®
Jon Heron'”

Mireille B. Toledano'®
Nilakshi Vaidya'®

COENIOARAWLN =

N
o

—_—
—_

12.

13.

14.
15.

National Institute of Mental Health and Neurosciences (NIMHANS), Bangalore, India.
ICMR-Centre on Non-Communicable Diseases, Kolkata, India.

Post Graduate Institute of Medical Education and Research (PGIMER), Chandigarh, India.
Regional Institute of Medical Sciences, Imphal, Manipur, India.

Rishi Valley, Rural Health Centre, India.

Epidemiology Research Unit, CSI Holdsworth Memorial Hospital, Mysore, India.

MRC Lifecourse Epidemiology Unit, University of Southamtpon, UK.

Division of Nutrition, St John’s Research Institute, Bangalore, India.

Department of Psychiatry & Department of Medical Ethics, St. John's Medical College &
Hospital, Bangalore, India.

. Department of Neuroimaging, Institute of Psychology, Psychiatry & Neuroscience, King's

College London, London, UK.

. Department of Neuroimaging and Interventional Radiology, National Institute of Mental Health

and Neurosciences, Bangalore, India.

Centre for Population Neuroscience and Precision Medicine, MRC Social, Genetic,
Developmental Psychiatry Centre, Institute of Psychology, Psychiatry & Neuroscience, King’s
College London, London, UK.

Molecular Genetics Laboratory, National Institute of Mental Health and Neurosciences,
Bangalore, India.

NeuroSpin, CEA, Université Paris-Saclay, Paris, France.

Department of Child & Adolescent Psychiatry, National Institute of Mental Health and
Neurosciences, Bangalore, India.



16. Bristol Medical School, University of Bristol, Bristol UK.

17. Centre for Public Health, Bristol Medical School, University of Bristol, Bristol UK.

18. MRC Centre for Environment and Health, School of Public Health, Imperial College London,
UK.

19. Centre for Population Neuroscience and Precision Medicine, Charite Mental Health and Dept.
of Psychiatry and Psychotherapy, Charite Universitaetsmedizin Berlin, Germany.

Author contributions:
PM, AC, DB, BNS, LS, RS, KKal, KKar, KKum, GK, RK, SSK, GJB, RDB, SD, MP, DPO, ES, MH, JH,
MBT and NV: performed research.



