NeuroImage 231 (2021) 117865

Contents lists available at ScienceDirect

Neurolmage

Neurolmage

journal homepage: www.elsevier.com/locate/neuroimage

Mind the brain gap: The worldwide distribution of neuroimaging research N

Check for

on adolescent depression | St

Lucas Battel?, Fernanda Cunegatto?, Anna Viduani? Helen L. Fisher "¢, Brandon A. Kohrt¢,
Valeria Mondelli >, Johnna R. Swartz$, Christian Kieling"*

a Department of Psychiatry, Universidade Federal do Rio Grande do Sul (UFRGS), Child & Adolescent Psychiatry Division, Hospital de Clinicas de Porto Alegre (HCPA),
Rua Ramiro Barcelos, 2350 — 400N, Porto Alegre, RS 90035003, Brazil

b King’s College London, Social, Genetic & Developmental Psychiatry Centre, Institute of Psychiatry, Psychology & Neuroscience, 16 De Crespigny Park, London SE5 8AF,
United Kingdom

¢ESRC Centre for Society and Mental Health, Virginia Woolf Building, 22 Kingsway, London WC2B 6NR, United Kingdom

4 Division of Global Mental Health, Department of Psychiatry, School of Medicine and Health Sciences, The George Washington University, 2120L St NW, Ste 600,
Washington DC 20037, United States

¢King’s College London, Department of Psychological Medicine, Institute of Psychiatry, Psychology & Neuroscience, Cutcombe Road, London SE5 9RT, United Kingdom
f National Institute for Health Research Mental Health Biomedical Research Centre, South London and Maudsley NHS Foundation Trust and King’s College London,
London, United Kingdom

8 Department of Human Ecology, University of California, Davis, One Shields Ave, Davis, CA 95616, United States

h Department of Psychiatry, UFRGS, Child & Adolescent Psychiatry Division, HCPA, Rua Ramiro Barcelos, 2350 — 400N, Porto Alegre, RS 90035003, Brazil

ARTICLE INFO ABSTRACT

Keywords: Adolescents comprise one fourth of the world’s population, with about 90% of them living in low- and middle-
Adolescence income countries (LMICs). The incidence of depression markedly increases during adolescence, making the dis-
Depres'sion' order a leading cause of disease-related disability in this age group. However, most research on adolescent de-
g}i‘(‘;‘:llemagmg pression has been performed in high-income countries (HICs). To ascertain the extent to which this disparity
Inequality operates in neuroimaging research, a systematic review of the literature was performed. A total of 148 studies

were identified, with neuroimaging data available for 4,729 adolescents with depression. When stratified by in-
come group, 122 (82%) studies originated from HICs, while 26 (18%) were conducted in LMICs, for a total of
3,705 and 1,024 adolescents with depression respectively. A positive Spearman rank correlation was observed
between country per capita income and sample size (r,=0.673, p = 0.023). Our results support the previous reports
showing a large disparity between the number of studies and the adolescent population per world region. Future
research comparing neuroimaging findings across populations from HICs and LMICs may provide unique insights
to enhance our understanding of the neurobiological processes underlying the development of depression.

Developing countries

The same disparity seems to operate in genomic and neuroimag-
ing research, both of which have provided important contributions to

1. Introduction

Children and adolescents account for one fourth of the world’s pop-
ulation, and most individuals in this age group - nine out of 10 youth
under the age of 18 years — live in low- and middle-income countries
(LMIC) (Kieling et al., 2011) as defined by the World Bank based on
gross national income (GNI) per capita (World Bank, 2020). However, a
striking disparity has been noted between the world distribution of the
youth population and the scientific output in the overall field of child
and adolescent mental health, with 90% of the publications on the topic
originating from high-income countries (HIC), where only 10% of chil-
dren and adolescents actually live (Kieling and Rohde, 2012).

* Corresponding author.

the understanding of mental health disorders and specifically major de-
pressive disorder (MDD), a leading cause of disease-related disability
in adolescence (Thapar et al., 2012). In genomic research, analyses of
published data reveal a large sampling bias in previous decades, with
96% of genomic studies performed with people of European ancestry
(Bustamante et al., 2011). Despite the ongoing efforts to diversify re-
search populations (Hindorff et al., 2018), recent data still suggest that
non-Europeans make up less than 20% of genome-wide association stud-
ies (Popejoy and Fullerton, 2016). In MDD, the role of sociocultural
factors in the etiology and clinical expression of the disease makes it
compelling to aim for a balanced representation of people from diverse
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global settings. Further, there is growing evidence for cultural differ-
ences in social cognitive processes, which can be observed through neu-
roimaging (Han and Ma, 2014).

The field of neuroimaging research is of growing importance for the
understanding of neural mechanisms associated with the onset of de-
pression in adolescence (Kerestes et al., 2014). A recent bibliographic
review has found that among the 100 most cited neuroimaging stud-
ies focusing on psychiatric disorders, only six were conducted by re-
searchers in LMICs — China in all cases (Gong et al., 2019). Even con-
sidering the limited affordability of neuroimaging techniques in low re-
source settings (McLane et al., 2015), such imbalance brings into ques-
tion the global representativeness of the available findings. Variation
in socioeconomic context, culture, and peer environment are all as-
sociated with differences in adolescent neurocognitive processing and
brain development (Foulkes and Blakemore, 2018). Moreover, there is
wide variation in age menarche and adrenarche across populations glob-
ally, with age of onset later in many low- and middle-income countries
(Worthman and Trang, 2018). Given the effects of puberty on brain de-
velopment (Goddings et al., 2014), it would be important to understand
how global variation in this timing affects population differences in ado-
lescent mental health.

Although some research initiatives (e.g., ABCD) have focused more
on cultural and environmental differences on adolescent brain develop-
ment within a HIC (Zucker et al., 2018), our scientific understanding
would be much improved by capturing the global diversity in culture
and environments. Additionally, possible commonalities and differences
in functional neuroimaging patterns in patients with MDD in HICs vs.
LMICs will require considerable efforts to leverage discovery science in
the latter, given that the available knowledge cannot be readily imple-
mented in these understudied settings (Freeman et al., 2016; Stein and
Wegener, 2017). Considering this scenario, we conducted a systematic
review of the literature to compare the scientific output in neuroimaging
research and the size of the adolescent population in countries classified
into different income categories. We hope to make any existing dispar-
ities more evident, helping to shift future research resources to lower
income areas and reduce potential limitations of the current literature
in the field.

2. Methods
2.1. Search strategy

We performed a systematic search of MEDLINE and Web of Science
databases to retrieve studies published in any language using specific
terms for adolescence, depression, and neuroimaging (full search syntax
can be found in the Supplementary Material 1). No specific timeframe
was set. The search was conducted on January 1, 2020. The initial re-
sults were screened by two independent authors (AV and FC), who also
independently reviewed the full text of selected manuscripts and ex-
tracted the data of interest. This process was overseen by a third author
(LB). Unresolved discrepancies were discussed with a senior researcher
(CK) to reach a final consensus. The systematic review was performed
and reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (flow diagram in the
Supplementary Material 2).

2.2. Inclusion and exclusion criteria

Original empirical studies published in peer-reviewed journals were
included if they had an adolescent sample, based on a recent broad
definition of this age period (i.e., age ranging from 10 to 24 years)
(Sawyer et al., 2018), with clinical depression (defined by study au-
thor), provided a categorical or dimensional measure of MDD, and re-
ported any form of magnetic resonance imaging (MRI). Studies evaluat-
ing bipolar depression and those without a group of adolescent patients
with unipolar depression at the time of MRI scanning were excluded
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Table 1
Study characteristics per country income group.
HICsn =122 LMICs n = 26
Mean age, years (SD)  17.0 (4.7) 18.9 (44)
Female sex (%) 60.9 57.8
MRI modality, n (%)
SMRI 70 (57) 7 (27)
rs-fMRI 24 (20) 15 (58)
th-fMRI 52 (43) 4 (15)
MRS 12 (10) 2 (8)
DTI 9 (7) 2 (8)

HICs, high-income countries; LMICs, low- and middle-
income countries; MDD, major depressive disorder; MRI,
magnetic resonance imaging; fMRI, functional MRI;
sMRI, structural MRI; rs-fMRI, resting-state fMRI; tb-
fMRI, task-based fMRI; MRS, magnetic resonance spec-
troscopy; DTI, diffusion tensor imaging. MRI modality%
refers to each group; some studies had more than one
modality.

* p<0.001.

** p<0.05.

from the analyses. This also applied to longitudinal studies, which were
excluded if no scans of adolescents with a depressive episode were re-
ported.

2.3. Variables of interest and data analysis

The following variables were recorded for each study: first and cor-
responding authors, year of publication, imaging technique — struc-
tural MRI (sMRI), resting-state functional MRI (rs-fMRI), task-based
functional MRI (tb-fMRI), magnetic resonance spectroscopy (MRS), or
diffusion tensor imaging (DTI), — country where the sample was en-
rolled, sample size, age, and sex. All countries were classified as HIC
or LMIC, as defined by the World Bank based on the most recent
data (World Bank, 2020). Following the same classification, LMIC was
further subdivided into upper-middle-, lower-middle-, and low-income
(World Bank, 2020). Up-to-date information on total adolescent pop-
ulation (World Bank, 2018b) and GNI (World Bank, 2018a) were also
extracted from World Bank data at the time of analysis. For statistical
analyses, only participants with depression (as defined by authors) in
each study were considered, to avoid confounders in samples with other
major psychopathology categories.

Data analyses included a description of the overall sample charac-
teristics for each country income group with comparison of age and sex,
using t-test for quantitative variables and chi-square tests for categori-
cal variables. Spearman rank correlations were calculated for pairwise
comparisons of continuous variables to account for non-normal distribu-
tions. For a better assessment of the individuals included in each study
relative to the population of adolescents in each country, an adjusted in-
dex of representativeness was generated. This index, obtained by divid-
ing the number of study participants by the total adolescent population
of each country, provided an objective comparison among the countries,
with correction of possible outliers in countries with disproportionately
small or large populations.

3. Results

Characteristics of the 148 studies meeting the inclusion criteria for
analysis are presented in Table 1. Neuroimaging data were available
on 4729 individuals with depression. Considering country income, 122
(82%) studies including 3705 adolescents (mean 30; min 5, max 123)
originated from HICs, while 26 (18%) studies including 1024 adoles-
cents (mean 39; min 14, max 108) were performed in LMICs. The
mean number of study participants was statistically higher in LMICs
(p<0.001). Table 2 contains descriptive statistics of the studies accord-
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Table 2

Descriptive characteristics of included participants by country.
Country Studies (n) MDD (n) % female  Mean age, years (SD) sMRI  rs-fMRI  tb-fMRI MRS  DTI
Australia 12 394 56 18.8 (3.2) 6 4 5 1 0
Brazil 2 85 66 13.1 (2.1) 0 2 0 0 0
Canada 9 245 51 19.4 (1.3) 5 2 2 2 0
China 23 859 57 19.9 (4.0) 7 13 4 1 2
Germany 5 187 75 19.4 (3.5) 5 1 2 0 0
Japan 1 27 37 18.2 (0.4) 1 0 1 0 0
Netherlands 5 136 76 15.7 (0.2) 4 1 1 0 2
Romania 1 80 N/A 13.8 (4.0) 0 0 0 1 0
South Korea 4 104 64 20.6 (3.2) 2 2 0 0 0
UK 5 182 73 18.2 (3.4) 3 1 3 0 0
USA 81 2430 60 15.9 (5.1) 44 13 38 9 7
Total 148 4729 60 17.4 (4.7) 77 39 56 14 11

MDD (n), number of included depressed individuals; MRI, magnetic resonance imaging; fMRI, functional MRI; sMRI,
structural MRI; rs-fMRI, resting-state fMRI; tb-fMRI, task-based fMRI; MRS, magnetic resonance spectroscopy; DTI, dif-
fusion tensor imaging. N/A, not available in the original study.
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ing to country. A full list of included studies is available in Supplemen-
tary Material 3. Fig. 1 shows the proportion of studies performed in HICs
vs. LMICs and the distribution of the adolescent population according
to country income group.

Studies from 8 HICs were included. The largest number of publica-
tions (81, 55% of all studies) came from the United States. Australia
and Canada came in second and third, with 12 (8%) and 9 (6%) studies
respectively. In terms of sample size, the United States was also first,
with 2430 youth with depression, accounting for just over half the ado-
lescents studied worldwide. Only three LMICs had studies included in
the present analyses: China (23 studies, nMDD=859), Brazil (2 studies,
nMDD=85), and Romania (1 study, nMDD=80). All these LMICs can
be further classified as upper-middle-income based on the World Bank
definition (World Bank, 2020). There were no studies focusing on ado-
lescents with depression from lower-middle- or low-income countries.
The number of studies published per year according to country income
group is shown in Fig. 2. While the first neuroimaging study on adoles-
cent depression came from a HIC in 1996, the first LMIC publication on
this topic was not until 2011. There was a positive correlation between
sample size and year of publication (r;=0.326, p<0.001).

Regarding neuroimaging modality (Table 1), the HIC group had a
higher proportion of studies assessing sMRI (57%; z2 = 8.0, p = 0.005)
and tb-fMRI (43%; y? = 6.8, p = 0.009). In contrast, proportionally more
studies from LMICs used rs-fMRI (58%; y2 = 16.0, p<0.001). Finally,

Fig. 1. Proportion of neuroimaging studies performed in high-income

1800 vs. low-income countries and proportion of adolescents in the popu-
lation of each country income group. Population data from the most
1600 current World Bank database (World Bank, 2018b).
HICs, High income countries; LMICs, low- and middle-income coun-
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MRS and DTI were the least studied techniques overall, with 14 and 11
studies, respectively.

Fig. 3 shows a representativeness index (number of MDD subjects
scanned/100,000 adolescents in the population) for each country on a
world map. A higher index means a higher representation of the ado-
lescent population from that particular country, i.e., a higher propor-
tion of adolescents from that country were studied. We found a direct
correlation between the GNI per capita and the adjusted sample size of
the included studies (r;=0.673, p = 0.023). Moreover, this correlation
remained significant while controlling for year of publication of each
study (ry=0.636, p<0.05). Further, using the World Bank data, we esti-
mated that 1.4 billion adolescents worldwide (78% out of a total of 1.8
billion) lived in countries without any neuroimaging studies on youth
depression.

4. Discussion

Much has been learnt about the neurobiology of depression in ado-
lescence over the past two decades. A large number of studies have been
published on this matter, encompassing diverse brain imaging tech-
niques and sample characteristics. However, as shown in the present
study, there is a vast gap between countries regarding the distribution
of the adolescent population vis-d-vis the performance of neuroimaging
research, with more research being performed in countries with smaller
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Fig. 2. Number of neuroimaging publications on adolescent depression per year according to country income group.

HICs, high-income countries; LMICs, low- and middle-income countries.

0.2

Representativeness N
Index

Fig. 3. Representativeness of MRI study samples in youth depression worldwide - the index represents the number of participants in MRI studies per 100,000
adolescents in each country, showing that most adolescents included were from high-income countries.

adolescent populations. A decade ago, this phenomenon was described
as the 10-90% divide in the context of research into treatment of ado-
lescent mental health disorders (Kieling et al., 2011). At that time, it
became evident that 90% of the studied individuals only accounted for
10% of the worldwide population in terms of income and socioeconomic
status. That prompted a call for action to increase research investment
in LMICs, where the majority of adolescents actually live (Kieling et al.,
2011).

In the present study, only a slight improvement was observed re-
garding the number of studies and the sample sizes when comparing
HICs vs. LMICs in terms of neuroimaging research. Of 148 neuroimag-
ing studies in adolescent samples with depression, only 26 (18%) were
conducted in LMICs. Further, only three countries figured in this group:
Brazil, China, and Romania, all subcategorized as upper-middle-income.
No studies from lower-middle or low-income nations were found. While

the mean number of adolescents with depression per study was higher
in the LMIC group, this is likely related to the HIC group having earlier,
smaller studies, as year of publication was also correlated to number of
adolescents with MDD.

One likely reason for the low representativeness of LMICs in neu-
roimaging research on adolescent depression is the high cost of neu-
roimaging technology, which limits access to such investigational
modalities. This is supported by the positive correlation between the
overall number of adolescents studied per country and the gross national
income per capita. Further, the small number of research groups working
with neuroimaging methods in lower income countries hinders the dif-
fusion of knowledge, especially involving complex and costly research
activities. On the bright side, three studies from LMICs, namely China
(nMDD=108) (Chang et al., 2018), Romania (nMDD=80) (Hogea et al.,
2017), and Brazil (nMDD= 56) (Pan et al., 2017), attest to the feasibility
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of conducting larger neuroimaging studies in countries with more lim-
ited resources. Further, a collaborative research initiative is ongoing in
Brazil, with preliminary neuroimaging data published for 29 adolescents
with depression (Battel et al., 2020) and plans for further publications
now that a total sample of 50 adolescents with depression has been col-
lected.

Finally, our review is not without limitations. First, only the MED-
LINE and Web of Science databases were searched in our systematic
review. Even though these are the most widely used databases across
the globe for indexing neuroimaging studies, some studies, especially
small ones, may have been missed. Second, conference abstracts were
not specifically searched to be included in our analyses. These aspects
may have skewed the results towards the HIC group, since the publica-
tion step after data collection also imposes several additional difficulties
for LMICs, including the cost of publication. Third, socioeconomic data
from the included studies was largely unavailable in the publications
and could not be analyzed. We assume that included samples from HICs
have a higher mean income than samples from LMICs. However, a direct
comparison with actual sample income assessed at the individual level
would yield a more accurate representation of our findings. Fourth, our
review only included MRI studies and did not include less expensive
approaches such as EEG. An important question for future research is
to determine whether other imaging approaches are more common in
LMICs. Fifth, there is insufficient data in the current literature to allow
for the generalization of our findings in terms of clinical implications.
If differences exist between distinct populations, clinical studies will be
necessary to assess the impact of such differences on prevention or treat-
ment strategies.

5. Conclusions

As previously evidenced in the adolescent psychiatric literature,
there is an important divide between where neuroimaging studies are
conducted and where most of the affected population lives. The promise
of cultural neuroscience will require that research be conducted in di-
verse settings (Choudhury, 2010). There is, therefore, a pressing need for
larger research investments in LMICs. Finally, considering that depres-
sion has been inversely associated with socioeconomic status and educa-
tional levels in both high-income and low- and middle-income settings,
differences in the neuroimaging patterns observed in patients with MDD
in LMICs versus HICs are possible. Thus, the comparison of neuroimag-
ing findings across populations from such nations may provide unique
insights to enhance our understanding of the neurobiological processes
involved in the development of depression in the first decades of life.
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