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Adolescents comprise one fourth of the world’s population, with about 90% of them living in low- and middleincome countries (LMICs). The incidence of depression markedly increases during adolescence, making the disorder a leading cause of disease-related disability in this age group. However, most research on adolescent depression has been performed in high-income countries (HICs). To ascertain the extent to which this disparity
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 income 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 (rs =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.

1. Introduction

The same disparity seems to operate in genomic and neuroimaging research, both of which have provided important contributions to
the understanding of mental health disorders and speciﬁcally major depressive 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 research populations (Hindorﬀ et al., 2018), recent data still suggest that
non-Europeans make up less than 20% of genome-wide association studies (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

Children and adolescents account for one fourth of the world’s population, 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 children and adolescents actually live (Kieling and Rohde, 2012).
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Table 1
Study characteristics per country income group.

global settings. Further, there is growing evidence for cultural diﬀerences in social cognitive processes, which can be observed through neuroimaging (Han and Ma, 2014).
The ﬁeld of neuroimaging research is of growing importance for the
understanding of neural mechanisms associated with the onset of depression in adolescence (Kerestes et al., 2014). A recent bibliographic
review has found that among the 100 most cited neuroimaging studies focusing on psychiatric disorders, only six were conducted by researchers in LMICs – China in all cases (Gong et al., 2019). Even considering the limited aﬀordability of neuroimaging techniques in low resource settings (McLane et al., 2015), such imbalance brings into question the global representativeness of the available ﬁndings. Variation
in socioeconomic context, culture, and peer environment are all associated 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 globally, with age of onset later in many low- and middle-income countries
(Worthman and Trang, 2018). Given the eﬀects of puberty on brain development (Goddings et al., 2014), it would be important to understand
how global variation in this timing aﬀects population diﬀerences in adolescent mental health.
Although some research initiatives (e.g., ABCD) have focused more
on cultural and environmental diﬀerences on adolescent brain development 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 implemented 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 disparities more evident, helping to shift future research resources to lower
income areas and reduce potential limitations of the current literature
in the ﬁeld.

Mean age, years (SD)
Female sex (%)
MRI modality, n (%)
sMRI
rs-fMRI
tb-fMRI
MRS
DTI

HICs n = 122

LMICs n = 26

17.0 (4.7)
60.9

18.9 (4.4)∗
57.8

70 (57)
24 (20)
52 (43)
12 (10)
9 (7)

7 (27)∗∗
15 (58)∗
4 (15)∗∗
2 (8)
2 (8)

HICs, high-income countries; LMICs, low- and middleincome countries; MDD, major depressive disorder; MRI,
magnetic resonance imaging; fMRI, functional MRI;
sMRI, structural MRI; rs-fMRI, resting-state fMRI; tbfMRI, task-based fMRI; MRS, magnetic resonance spectroscopy; 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 reported.
2.3. Variables of interest and data analysis

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 results were screened by two independent authors (AV and FC), who also
independently reviewed the full text of selected manuscripts and extracted 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).

The following variables were recorded for each study: ﬁrst and corresponding authors, year of publication, imaging technique – structural 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 enrolled, 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 population (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 characteristics for each country income group with comparison of age and sex,
using t-test for quantitative variables and chi-square tests for categorical variables. Spearman rank correlations were calculated for pairwise
comparisons of continuous variables to account for non-normal distributions. For a better assessment of the individuals included in each study
relative to the population of adolescents in each country, an adjusted index of representativeness was generated. This index, obtained by dividing 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.

2.2. Inclusion and exclusion criteria

3. Results

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 author), provided a categorical or dimensional measure of MDD, and reported any form of magnetic resonance imaging (MRI). Studies evaluating bipolar depression and those without a group of adolescent patients
with unipolar depression at the time of MRI scanning were excluded

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 adolescents (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-

2. Methods
2.1. Search strategy
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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
Brazil
Canada
China
Germany
Japan
Netherlands
Romania
South Korea
UK
USA
Total

12
2
9
23
5
1
5
1
4
5
81
148

394
85
245
859
187
27
136
80
104
182
2430
4729

56
66
51
57
75
37
76
N/A
64
73
60
60

18.8
13.1
19.4
19.9
19.4
18.2
15.7
13.8
20.6
18.2
15.9
17.4

6
0
5
7
5
1
4
0
2
3
44
77

4
2
2
13
1
0
1
0
2
1
13
39

5
0
2
4
2
1
1
0
0
3
38
56

1
0
2
1
0
0
0
1
0
0
9
14

0
0
0
2
0
0
2
0
0
0
7
11

(3.2)
(2.1)
(1.3)
(4.0)
(3.5)
(0.4)
(0.2)
(4.0)
(3.2)
(3.4)
(5.1)
(4.7)

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, diffusion tensor imaging. N/A, not available in the original study.
Fig. 1. Proportion of neuroimaging studies performed in high-income
vs. low-income countries and proportion of adolescents in the population of each country income group. Population data from the most
current World Bank database (World Bank, 2018b).
HICs, High income countries; LMICs, low- and middle-income countries.

ing to country. A full list of included studies is available in Supplementary 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 publications (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 adolescents 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 adolescents 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 adolescent 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 (rs =0.326, p<0.001).
Regarding neuroimaging modality (Table 1), the HIC group had a
higher proportion of studies assessing sMRI (57%; 𝜒 2 = 8.0, p = 0.005)
and tb-fMRI (43%; 𝜒 2 = 6.8, p = 0.009). In contrast, proportionally more
studies from LMICs used rs-fMRI (58%; 𝜒 2 = 16.0, p<0.001). Finally,

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 adolescent population from that particular country, i.e., a higher proportion 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 (rs =0.673, p = 0.023). Moreover, this correlation
remained signiﬁcant while controlling for year of publication of each
study (rs =0.636, p<0.05). Further, using the World Bank data, we estimated 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 adolescence over the past two decades. A large number of studies have been
published on this matter, encompassing diverse brain imaging techniques 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-à-vis the performance of neuroimaging
research, with more research being performed in countries with smaller
3
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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.

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 adolescent 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 regarding the number of studies and the sample sizes when comparing
HICs vs. LMICs in terms of neuroimaging research. Of 148 neuroimaging 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 neuroimaging research on adolescent depression is the high cost of neuroimaging 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 diffusion 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
4
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of conducting larger neuroimaging studies in countries with more limited 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 collected.
Finally, our review is not without limitations. First, only the MEDLINE 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 publication 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 treatment strategies.
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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 diverse settings (Choudhury, 2010). There is, therefore, a pressing need for
larger research investments in LMICs. Finally, considering that depression has been inversely associated with socioeconomic status and educational 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 neuroimaging 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.
Funding
This work was supported by research grants from Brazilian public funding agencies Conselho Nacional de Desenvolvimento Cientíﬁco e Tecnológico (CNPq, 477129/2012-9 and 445828/2014-5), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES,
62/2014), and Fundação de Amparo à Pesquisa do Estado do Rio Grande
do Sul (FAPERGS, 17/2551-0001009-4). The Identifying Depression
Early in Adolescence (IDEA) project is funded by an MQ Brighter Futures grant [MQBF/1 IDEA]. Additional support was provided by the UK
Medical Research Council [MC_PC_MR/R019460/1] and the Academy
of Medical Sciences [GCRFNG\100281] under the UK Global Challenges
Research Fund. Dr. Mondelli is supported by the National Institute for
Health Research (NIHR) Biomedical Research Center at South London
and Maudsley NHS Foundation Trust and King’s College London. Dr.
Fisher is partially supported by the Economic and Social Research Council (ESRC) Center for Society and Mental Health at King’s College London
[ES/S012567/1]. The views expressed are those of the authors and not
necessarily those of the NHS, the NIHR, the Department of Health and
Social Care, the ESRC, or King’s College London. Dr. Kieling is a CNPq
researcher and a UK Academy of Medical Sciences Newton Advanced
5

L. Battel, F. Cunegatto, A. Viduani et al.

NeuroImage 231 (2021) 117865

World
Bank.
GNI,
Atlas
method
(current
US$),
2018a.
https://data.worldbank.org/indicator/NY.GNP.ATLS.CD (Accessed 10 January
2020).
World Bank. Population, total, 2018b. https://data.worldbank.org/indicator/SP.POP.TOTL
(Accessed 10 January 2020).
World
Bank.
World
bank
country
and
lending
groups,
2020.
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519
(Accessed
10 January 2020).

Worthman, C., Trang, K., 2018. Dynamics of body time, social time and life history at
adolescence. Nature 554, 451–457.
Zucker, R.A., Gonzalez, R., Feldstein Ewing, S.W., Paulus, M.P., Arroyo, J., Fuligni, A.,
Morris, A.S., Sanchez, M., Wills, T., 2018. Assessment of culture and environment
in the adolescent brain and cognitive development study: rationale, description of
measures, and early data. Dev. Cogn. Neurosci. 32, 107–120.

6

