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ABSTRACT: Background: Human genetics research
lacks diversity; over 80% of genome-wide association studies
have been conducted on individuals of European ancestry. In
addition to limiting insights regarding disease mechanisms,
disproportionate representation can create disparities
preventing equitable implementation of personalizedmedicine.
Objective: This systematic review provides an overview
of research involving Parkinson’s disease (PD) genetics

in underrepresented populations (URP) and sets a base-
line to measure the future impact of current efforts in
those populations.
Methods: We searched PubMed and EMBASE until
October 2021 using search strings for “PD,” “genetics,”
the main “URP,” and and the countries in Latin America,
Caribbean, Africa, Asia, and Oceania (excluding Australia
and New Zealand). Inclusion criteria were original studies,
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written in English, reporting genetic results on PD from
non-European populations. Two levels of independent
reviewers identified and extracted information.
Results: We observed imbalances in PD genetic studies
among URPs. Asian participants from Greater China
were described in the majority of the articles published
(57%), but other populations were less well studied; for
example, Blacks were represented in just 4.0% of the
publications. Also, although idiopathic PD was more
studied than monogenic forms of the disease, most stud-
ies analyzed a limited number of genetic variants. We
identified just nine studies using a genome-wide
approach published up to 2021, including URPs.

Conclusion: This review provides insight into the sig-
nificant lack of population diversity in PD research
highlighting the immediate need for better representa-
tion. The Global Parkinson’s Genetics Program (GP2)
and similar initiatives aim to impact research in URPs,
and the early metrics presented here can be used to
measure progress in the field of PD genetics in the
future. © 2022 The Authors. Movement Disorders pub-
lished by Wiley Periodicals LLC on behalf of Interna-
tional Parkinson and Movement Disorder Society.

Key Words: Parkinson’s disease; systematic review;
diversity; underrepresented populations; genetics

Since theHumanGenome Project, the development of new
technologies for the interrogation of genetic variability has
increased exponentially, and new large-scale, high-
throughput sequencing methods for genotyping and DNA
sequencing have emerged, allowing large numbers of
genome-wide association studies (GWASs) to be performed.
These technologies and the resulting analyses have revolution-
ized genetic investigation of disease; however, as pointed out
by previous analyses of GWAS databases, these studies have
failed in one major regard: they are not representative of the
global genetic diversity. As a consequence of sample availabil-
ity, budgetary constraints, issueswith enrollment, or statistical
power, populations of European ancestry still represent the
majority of subjects included.1,2 This lack of diversity has
resulted in missed opportunities, such as the discovery of new
genetic associations for complex traits and the discovery of
novel genetic causes ofmonogenic forms of disease that could
help unveil unknown causes of these pathologies. It also
threatens to jeopardize medical care, drug development, and
advancements in precision medicine, preventing equitable
health care among different populations.3-5

Parkinson’s disease (PD) is a multifactorial disorder in
which a complex interaction between genetics and environ-
mental factors occurs. As no curative or preventive therapy
is currently available, exploring its pathophysiology is cru-
cial to improve treatment. To date, approximately 20 genes
with highly penetrant rare variants are related to familial
or monogenic forms of PD, predominantly among per-
sons of European ancestry.6 A recent GWAS meta-
analysis nominated 90 risk variants explaining approxi-
mately a quarter of the disease heritability. However,
this study included just individuals of European ancestral
origin, limiting the generalizability of these discoveries to
other populations.7 The largest PD GWAS among
non-Europeans was recently reported in East Asians.8

The report included almost 7000 individuals with PD
and identified two novel risk loci. Research on PD genet-
ics has increased in the past two decades, but a lack of
diversity remains a significant problem for understanding
the biological basis of the disease in all populations.

Many researchers are aware of the problem elicited by the
lack of inclusion of underrepresented populations (URPs)
and the hazards that result from avoiding or not achieving
diversity within PD genetic studies. Nevertheless, most of
the publications that raised this matter comprise comments,
editorials, and letters, with only a few of them relying on
empirical data.9 Notwithstanding the value of these reports,
which helped shed light on the issue, an in-depth under-
standing of the geographic and ethnic coverage of PD
genetic studies is necessary for building a solid roadmap for
increasing diversity. This systematic review and bibliometric
analysis aims to provide an overview of the publications in
PD genetics in URPs (individuals of non-European ancestry)
to date, thereby clarifying the main gaps, identifying oppor-
tunities to ensure more diversity, and setting a baseline to
measure the impact of future global efforts.

Patients and Methods

We searched PubMed/MEDLINE and EMBASE from
inception through October 2021. The search strings for
each database were created using terms for
“Parkinson’s disease,” “genetics,” “main non-European
ethnic groups,” and the countries in Latin America,
Caribbean, Africa, Asia, and Oceania (excluding Aus-
tralia and New Zealand) (Supplementary Table 1).
Inclusion criteria were original studies reporting genetic
results on PD from non-European populations and pub-
lished in English. Systematic and narrative reviews,
meta-analyses, and papers reporting exclusively func-
tional, epigenetic, or biomarker results were excluded.
Rayyan software was used to detect duplicates and

perform the first screening procedure.10 We implemented
the review in a two-step approach. First, two indepen-
dent researchers screened titles and abstracts for inclusion
criteria, and a third reviewer judged any discrepancies.
Second, another reviewer examined the entire content of
the selected papers to reassess inclusion criteria and col-
lect data through an online extraction form. We collected
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information on the study design for each included study,
classified as a study of familial/monogenic cases, sporadic
PD, or GWAS. Studies were defined as involving familial/
monogenic forms of PD if they included subjects with an
autosomal dominant or recessive family history of PD or
if they reported results in known causative mutations in
PD genes. For statistical purposes, if a study included
both sporadic and familial/monogenic cases and this
were clearly explicit in the text, the same study was
included in both categories. Ethnicity was mainly catego-
rized by geographical perspective, and we determined it
based on the explicit description in the manuscript or
inferred by the country of origin. Laboratory methods
used for genetic analyses are very diverse, but to measure
the access to technologies, we highlight those using next-
generation sequencing (considered a “new” technology).
The collaborative network was defined based on the num-
ber of distinct centers collecting samples, and we classify
them as single-center and multicenter within the same
country or international multicenter. Finally, funding
information was classified as funded exclusively from
sponsors located in underrepresented regions or not.
Bibliometric analysis was also conducted based on

the titles previously selected that had a full record in
the Web of Science Core Collection database. From this
database, we retrieved the number of authors and cita-
tions per document, the impact factor of the journals,
studies with authors from single or multiple countries,
and the collaborative network among authors from dif-
ferent countries. Graph theory measures were retrieved
at network and country levels and directly compared.
For comparative analysis of the quality and visibility of
the studies published, we reran the PubMed search
without applying any exclusion criteria for the most
productive countries in underrepresented regions. We
compared the results with the same search for three dif-
ferent countries with mainly European ancestry from
different continents (Germany, Canada, and Australia).
Descriptive and comparative analyses between main
ethnicities were performed in Python 3.9.5 and R 4.0.5,
using the package “bibliometrix.”11 Raw and derived
data supporting the findings of this study are available
from the corresponding author on request.

Results

After the duplicates were removed, we retrieved 2606
titles from the search in PubMed/MEDLINE and
EMBASE, from which 1312 were excluded in the first
screening step, resulting in 1294 papers (Supplementary
Figure 1). In the second step, when the entire paper was
examined, 255 papers were excluded, resulting in a
final count of 1037 (for a completed list of references
included, see Supplementary Table 2). The main rea-
sons for exclusion were as follows: studies were not

written in English (n = 88)—74 in Chinese, 7 in Span-
ish, 6 in Japanese, and 1 in Persian; none of them have
performed a GWAS when examining their titles and
abstracts. Other reasons for exclusions were as follows:
individuals from URPs were not included, persons with
PD were not included, no genetic analysis was per-
formed, and original results were not reported. For a
subset of papers (n = 997) that were also available in
the Web of Science Core Collection database, further
bibliometric analysis was performed.
The first paper retrieved in our search was published

in 1993, and we observed a trend of increasing publica-
tion counts each year, with 98 published in 2020. How-
ever, the only consistent increase in publication counts
along the years was among the Greater China region,
whereas those among persons from Central and South-
east Asia and sub-Saharan Africa or Black ancestry
showed the lowest increases (Fig. 1). Interestingly, we
observe a decrease in publication counts for Latin
America and Caribbean and the Middle East and North
Africa in the previous 5 years. Overall, PD genetic pub-
lications from URPs were dominated by participants
from Greater China (n = 589, 57%), followed by par-
ticipants from the Middle East and North Africa
(n = 172, 17%), East Asia excluding Greater China
(n = 106, 10%), Latin America and Caribbean
(n = 102, 10%), South Asia (n = 80, 8%), sub-Saharan
Africa or other Blacks (n = 37, 4%), and Southeast
Asia (n = 35, 3%). Just five publications were identified
describing research from Central Asia.
Considering the corresponding author’s countries/

regions, which were not necessarily synonymous with
the ethnic groups studied, the Greater China region has
the highest number of papers (481, 48.3%), followed
by Japan (72, 7.2%), the United States (68, 6.8%),
India (54, 5.4%), and Brazil (44, 4.2%) (Fig. 2). Studies
including participants of Chinese ancestry were mainly
from the Greater China region (480, 84.9%) and
Singapore (34, 6.0%). East Asia excluding Greater
China were mainly from Japan (71, 67.6%) and
South Korea (15, 14.3%); South Asia from India
(54, 70%) and South Africa (9, 11.5%); Southeast Asia
from Singapore (11, 34.4%), Malaysia (8, 25%), and
Japan and Thailand (4, 12.5% each); the Middle East
and North Africa from Israel (41, 25.5%), the
United States (27, 16.8%), Iran (19, 11.8%), and
France and Turkey (14, 8.7%, each); Latin America
and Caribbean from Brazil (44, 42.7%), the
United States (19, 18.5%), and Mexico (16, 15.5%);
and sub-Saharan Africa or other Blacks from
South Africa (15, 36.8%), the United States (11, 30%),
France (4, 10.5%), and Nigeria (3, 8%). All papers
from Central Asia were from the corresponding author’s
countries outside the region.
Most of the scientific production analyzed concen-

trated on case–control studies of genetic risk factors
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FIG. 1. Publication counts by region/ethnicity along the years. Panel A: all regions/ethnicities included. Panel B: excluding Greater China to see the pat-
tern of other regions/ethnicities more clearly.

FIG. 2. Publication counts by corresponding author’s countries/regions.
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or genotype–phenotype associations of sporadic PD
(Table 1). Monogenic/familial forms of PD were the
focus of 351 (33.9%) studies, with 75.3% of them
reporting results on a single gene, mostly by conven-
tional Sanger sequencing methods (62.2%), and the
use of whole-exome sequencing was mostly observed
among Chinese (18.9%, Supplementary Table 3).
Greater China studies tended to focus on idiopathic
PD, with less emphasis on monogenic/familial forms
of PD (20.7%). In contrast, this latter type of study
was more represented in the other groups, especially
in sub-Saharan Africa or other Blacks (78.4%), Cen-
tral Asia (60.0%), and Middle East and North Africa
(55.2%). GWASs were described only in nine (0.9%)
papers (Supplementary Table 4); one of the most
recent was published in 2020 and recruited almost
7000 Asian patients for the discovery sample, being
the largest cohort of PD patients among URP studies
to date.8 Recently, a GWAS study among Latinos
was published with almost 1500 participants.12 The
use of next-generation targeted sequencing, whole-
exome, and whole-genome sequencing was present in

only 9.3% of studies, mostly in East Asians non-Chi-
nese (11.3%) and in Chinese (9.9%). Sub-Saharan
Africans and other Blacks and Latin Americans and
Caribbeans presented the lowest relative use of these
technologies (5.4% and 2.9%, respectively, Table 1
and Supplementary Table 5). Studies were funded
exclusively by local resources in more than 70% of
the studies in Greater China and South and Southeast
Asia; in Latin America, this number was approxi-
mately 50%, and in Africa and the Middle East, it
decreased to less than 30%. Unfortunately, we were
not able to retrieve information on the nature of the
funding (government vs. nonprofit organizations
vs. private sector) because of the poor reporting of
this information in the papers and the difficulty to
obtain more detailed information from the web pages
of the funding institutions.
For data collection, the largest number of studies

were conducted in a single-center (522, 50.4%),
230 (22.2%) had multiple centers within the same
country, and 118 (11.4%) had multiple international
centers. Single-center studies predominated in studies

FIG. 3. Country collaboration maps by studied populations. Panel A: Collaboration map excluding the Global North. Panel B: Collaboration map for arti-
cles describing Latin America & Caribbean populations. Panel C: Collaboration map for articles describing Middle East & North Africa populations.
Panel D: Collaboration map for articles describing Asia excluding Greater China populations. Panel E: Collaboration map for articles describing Greater
China populations. Panel E: Collaboration map for articles describing Greater China populations.
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on participants of Chinese ancestry (58.4%), which
presented a lesser proportion of international multicen-
ter collaboration (8.2%). International multicenter
studies were the lowest in South Asia (3.8%). A larger
proportion of this type of study was observed in other
regions, especially in Southeast Asia (31.4%) and the
Middle East and North Africa (28.5%). Regarding the
country of each coauthor, most studies included
authors from the same country (71%). Studies with

authors from multiple countries were lowest among
South Asia (15.4%) and Greater China (23.7%) and
highest in Central Asia (71.4%), the Middle East and
North Africa (61.5%), and sub-Saharan Africa and
other Blacks and Southeast Asia (50%, each). In accor-
dance with these results, the mean number of authors
per publication was lowest in South Asia (7.1 � 3.4)
and Greater China (9.2 � 6.8) and highest in Central
Asia (16.9 � 13.6).

FIG. 4. Citations and journal’s impact factor across selected countries. Panel A: number of citations by country. Panel B: Journal's impact factor by
country.
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When examining the collaboration network maps
(Fig. 3), we observe that sub-Saharan African and Asian
countries intensely collaborated with Europe, whereas
Latin American and Caribbean countries collaborated
equally with North America. Collaborations between
countries with a high proportion of underrepresented
groups were limited, mainly within the same region.
Graph theory measures of the countries’ collaboration
networks, including all publications, revealed similar clas-
sifications for degree centrality (DC) and closeness cen-
trality (CC): USA (DC = 0.745, CC = 0.238), Germany
(DC = 0.673, CC = 0.234), China (CC = 0.582,
DC = 0.229), Canada (CC = 0.582, DC = 0.229), and
the United Kingdom (CC = 0.582, DC = 0.229). The
classification of betweenness centrality (BC) was slightly
different: the United States (BC = 0.138), Germany
(BC = 0.131), the United Kingdom (BC = 0.061),
Australia (BC = 0.060), and France (BC = 0.041). For
further comprehension, countries’ collaboration net-
works, including publications involving each population,
are presented in Supplementary Figure 2, along with
graph theory measures for each network.
Southeast Asia presented the highest sample size of

PD patients (median 386), followed by China (median
383). Latin America and Caribbean, sub-Saharan
Africa and other Blacks, and Central Asia had the low-
est sample size (median: 138, 104, and 80, respectively).
The sample size of controls followed the same pattern
as that of patients. Case reports and case series (up to
10 patients included) represented 52 titles (5%), and
the highest number was from the Middle East and
North Africa (9.9%). The highest citations per docu-
ment were those from Southeast Asia (5.2 � 15.1) and
Central Asia (4.8 � 9.9), whereas East Asia, excluding
Greater China (4.2 � 11), and the Middle East and
North Africa (4.1 � 7.8) presented intermediate cita-
tions. The lowest citation count was among Greater
China (1.8 � 4.1), South Asia (1.5 � 1.4), and sub-
Saharan Africa and other Blacks (1.8 � 1.2). The aver-
age impact factor of the journals where the studies were
published was highest in Southeast Asia (7.6 � 13.4),
the Middle East and North Africa (6.8 � 10.1), and
East Asia, excluding Greater China (6.1 � 8.4), and
lowest in South Asia (3.5 � 2.0) and sub-Saharan
Africa and other Blacks (4.0 � 2.2). In comparison to
the three countries with a predominance of European
ancestry, countries with a predominance of URPs pub-
lish in journals with a lower impact factor and obtain
fewer citations (Fig. 4).

Discussion

This review aimed to provide an overview of the cur-
rent situation for PD genetics research among URPs,
identify strengths and limitations, outline critical

directions for future efforts, and set a baseline to measure
their impact. We believe that the summary provided here
represents a significant step forward to highlight dispar-
ities and foster representativeness, with the potential to
prevent inequalities in the health care of PD patients.
Notably, we observed considerable imbalances in PD
genetic studies among URPs. Whereas Greater China
was described in the majority of the articles published
(57%), other ethnic groups were less well studied, for
example, sub-Saharan Africans and other Blacks rep-
resenting just 4% of the publications. Although idio-
pathic PD was more studied than monogenic forms of
the disease, most studies analyzed a limited number of
genetic variants. We identified just nine studies using a
genome-wide approach published until 2021.
The bias towards European ancestry populations is a

well-established problem in genetics, especially in
GWASs. Efforts have been initiated to address this by
major research funders, but we are still far from the
desired equity.13 To further understand this bias, our
search focused on PD genetic studies performed in
non-European populations, which account for a great
variety of ethnic backgrounds. Greater China
populations are represented in more than half of the
studies (57%), followed by the Middle East and North
Africa, East Asia non-Chinese, and Latin America and
Caribbean. In addition, we observed that publication
counts in Greater China are increasing annually, which
is consistent with Popejoy and Fullerton,1 who stated
that these groups were the most effective in their efforts
to improve representation in genetic research.1 Besides
having a vast population compared to the rest of the
world, their economic growth with significant invest-
ments in science and education can explain this pro-
gress. For example, China increased more than 10% of
its expenditure on science in 2020.14 On the contrary,
Central Asia had just five papers published, all of them
from researchers based in foreign countries. Black
ancestry was represented in just 4% of the studies,
without a perceptible trend of increase in the publica-
tion counts over the years. The majority of Blacks
reside in sub-Saharan Africa and Latin America, both
regions with countries within the lower-income and
lower-middle-income strata. Consequently, economic
constraints foster the limited expenditure on and devel-
opment of research and innovation, in general, and for
noncommunicable diseases such as PD, in particular.
Another barrier in many parts of the region is the
access to specialized health care, such as neurologists,
to diagnose diseases. Finally, historical discrimination
and misconceptions about the purpose of research also
contribute to lower participation rates of this group in
research studies.
The highest frequency of studies on idiopathic PD

was in Greater China, with all the other populations
showing a higher frequency of studies on monogenic
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forms of PD. They also presented the highest median
sample size and a higher proportion of the studies
funded exclusively by local resources. Studying a multi-
factorial disorder such as idiopathic PD is a logistical
and financial challenge because large samples need to
be recruited to have sufficient power to detect minor
effects and control for confounders. Probably, studying
monogenic forms is often a more straightforward
endeavor for lower-income countries because fewer
participants are needed to be recruited. Genetic analysis
for such rare forms, although expensive, can also usu-
ally be performed in partnership with laboratories from
higher-income countries. Following this observation
and considering that the sample size can be an indirect
indicator of study quality, we see that studies with
Asian populations, especially Greater China, reported
the largest sample size. However, regarding citations
per publication and the journal’s impact factor, another
indirect index of quality, Greater China presented
lower figures than other regions. Studies in the Greater
China population have mainly investigated candidate
genes in idiopathic PD, and to date, more comprehen-
sive study designs like GWASs that can potentially gen-
erate more citations are still infrequent. Another
potential explanation for this lower citation rate is that
Greater China scientific publications have generally
been more recent compared to the others. Southeast
Asia is an exceptional case. Despite its still lower num-
ber of publications, it was able to recruit the largest
sample sizes in individual studies, most of them locally
funded, and exhibit the highest citations and impact
factor. Countries with high economic development,
such as Singapore and Malaysia, are in this region.
Collaborative studies are crucial in genetics when we

need to gather a substantial sample size. Besides that, a
research network can be beneficial for underserved
countries because it can strengthen credibility, facilitate
data sharing, and promote capacity building. Our col-
laboration network analysis showed that the main cen-
trality measures indicate that developed countries such
as the United States, Germany, and Canada play a sig-
nificant role in promoting diversity through collabora-
tion with countries with a predominance of URPs.
Most of the samples collected for PD genetic studies in
South Asian and Greater China populations were from
single centers, and international collaborations were
scarce. In South Asia and Southeast Asia, there were
more local multicenter studies but still limited interna-
tional collaborations. These observations are supported
by other collaborative indicators, such as the number of
authors per publication and the frequency of studies
with authors from a single country, both lower among
Asians. This trend might be partially explained by a
higher research capacity in Asia, especially in East Asia
and Southeast Asia. Stringent local regulations that
govern data and biospecimen sharing, although

intended to prioritize and develop local capacities, may
also limit extensive international collaborations in sev-
eral regions. A substantial obstacle to extensive partner-
ships could be a lack of trust between clinicians and
researchers from varying socioeconomic backgrounds
and academic evaluation systems. Investigators from
less-developed nations may be fearful about devoting
significant effort to data collection that may go
unrecognized in publications. Similarly, cooperation
between researchers within nations with limited access
to research funding may be concerned that sharing their
data may benefit their “competitors.” Other factors that
may further contribute to the limited collaborations
might include language barriers and cultural issues dis-
couraging collaborations. The highest indicators of col-
laboration were observed in the Middle East and North
African studies, with more international multicenter
studies and increased frequency of authors from multi-
ple countries. A possible explanation for this is the
higher frequency of LRRK2 p.G2019S carriers in this
region, which could have piqued international interest
(due to its common occurrence in North Africa and
Ashkenazi Jewish populations) and fostered interna-
tional collaborations.15,16 The need for high investment
capital in cutting-edge technologies might also promote
collaborations with higher-income countries.
A notable limitation of the present study can be the

number of publications used as the primary measure of
population representation. One could also argue that
the broad search criteria used include such a diversity
of studies that their joint numbers express vague con-
cepts. Even so, we consider that our approach provides
key indirect measures of scientific interest, development,
and output in those specific populations, which reflect
representation not only at the DNA level in databases
but also at a much broader appraisal of the
population’s social, financial, and scientific aspects. It is
also important to note that many studies relied on the
same samples for their analyses, thus not adding diver-
sity at the DNA level and increasing the chance of error
by performing multiple comparisons. Furthermore, a
thorough quality assessment of each study was not per-
formed because we did not find an objective assessment
tool, such as the CONSORT statement for clinical tri-
als, which covers all the different study types included
in our search. Also, this task would require extensive
effort, which could prevent its replication in the future.
Instead, we used indirect measures to estimate quality
and also visibility, like citations and the journal’s
impact factor. Our aim was to assess the overall scien-
tific production in PD genetics research, and we did not
provide a summary of most frequent genes and muta-
tions identified or detailed clinical characterization.
However, we should mention that most of the papers
failed to provide a clear description of phenotypic char-
acteristics, not just in studies of sporadic cases but also
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in studies of suspected monogenic cases, for which phe-
notypes are even more critical. Finally, another limita-
tion was the inclusion of only English-language
publications. Although possibly introducing selection
bias for higher-impact papers, this choice narrowed the
analysis to articles with higher international visibility.
As pointed out by Popejoy and Fullerton,1 we believe

future efforts to increase diversity in genomic research
should include both bottom-up and top-down strategies.
Researchers should acknowledge the importance of diver-
sity in their studies, formulating questions and proposing
robust study designs considering genomic diversity
and its relationship with socioeconomic and environmen-
tal factors. Strategies to ensure recruitment among
populations not used to participating in research include
engaging local communities and proposing solutions to
improve health care. In a heterogeneous condition such
as PD, a thorough clinical characterization of participants
is critical in ethnically diverse genetic studies. Efforts to
increase genetic diversity must be coupled with efforts to
standardize phenotypic descriptions and inclusion criteria
to maximize the etiological implications of the research.
From an analytical perspective, increasing information
can be gained through tools like trans-ethnic fine-map-
ping.17 Furthermore, funding agencies should promote
representation by providing dedicated funding, increasing
diversity among researchers, and applying knowledge to
health-care systems.13

While foreseeing potentially vulnerable communities,
stringent ethical procedures should guarantee partici-
pants’ autonomy and dignity, including ethical oversight
by culturally competent agents, a thorough informed con-
sent process, respect for local regulations, data protec-
tion, and return of value.18,19 The past exploitation and
abuse of indigenous populations for genetic research has
resulted in several emerging guidelines to protect these
populations—this includes a code of ethics by the San
people of southern Africa,20 recommendations issued by
the Human Heredity and Health (H3Africa) Guidelines
for Community Engagement,21 and a policy for genetic
research and data sharing, being developed by the
Navajo Nation in the United States.22 Establishing effec-
tive communication channels that enable collaborators to
communicate their thoughts and concerns is critical for
dissipating the lack of trust that can hinder partnerships.
In addition, radical transparency should be implemented
throughout all aspects of research, including goals,
funding, governance, and publication policies. Capacity
building in countries with a predominance of URPs is
another crucial step to guarantee long-term studies and
build autonomy and a diverse pool of researchers with
expertise in genetics research.23-25 Merely including the
names of young investigators as coauthors in the middle
of multiauthored articles is insufficient; a clear career
development strategy for junior researchers should be
implemented with a plan for them to produce first-author

or senior-author publications in the future. As observed
in our results, there is a surplus of opportunities for pro-
moting sustainable diversity in genomics studies through
the empowerment of local researchers and authorities.
This could be achieved either through collaboration with
higher-income countries or by designing plans for
regional development with specialized centers. Interna-
tional institutions have a key role in creating common
fora for partnership development with higher-income
countries or organizing underserved countries for
regional ventures. Moreover, journals and editors should
be sensitive to the importance of increasing diversity in
publications, and a first step would be to increase repre-
sentativeness in editorial boards. Editions focused on
URPs and specific criteria for publication could also be
considered. Finally, peer review should be carefully con-
ducted to be a supportive and productive process foster-
ing diversity.
The Global Parkinson’s Genetics Program (GP2,

http://gp2.org/) is a project that aims to provide a com-
prehensive understanding of the genetic architecture of
PD, utilizing strategies that include collecting large-scale
data from URPs worldwide and enabling researchers
from those populations to drive this work forward.26

To accomplish this ambitious goal, GP2 established a spe-
cific working group (the Underrepresented Populations
Working Group, https://www.gp2.org/working-groups/
underrepresented-populations-working-group/) compris-
ing researchers from different countries and ethnic back-
grounds to ensure adequate global representation. For
data collection, GP2 is creating a consortium and projects
to recruit subjects from URPs inside the United States
called the Black and African American Connections to
Parkinson’s Disease Study. Already existing initiatives in
East Asia (IPDGC-Asia), India (LUX-Giant), Latin Amer-
ica (LARGE-PD), and Africa (IPDGC-Africa) receive
strong support from the program. Besides data collection,
strategies for collaborative data upload, access, and analy-
sis are making it possible for GP2 to perform projects
such as a trans-ethnic meta-analysis and fine-mapping,
involving a diversity of researchers, resources, and data.
To foster collaboration and build resources, GP2 provides
a wide range of training opportunities for researchers
globally, including online courses, master’s degrees and
PhD programs, and short-duration training visits on
genetics and bioinformatics.
In conclusion, although steps have been taken globally

to ensure diversity in PD genetic studies, the unbalanced
efforts between URPs are still concerning, as highlighted
here. Among growing economies, we observed a steady
increase in publications over the years, whereas this rate
has been slower in lower-income regions. Concerted
efforts are needed to recognize diversity as a driver of
equality and scientific discoveries. Researchers, universi-
ties, and funders, either public or private, should assume
more active roles in paving the paths to achieve
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sustainable diversity through joint efforts, capacity build-
ing, training, data sharing, and consciously redirecting
capital. In this sense, GP2 is playing an ambitious role in
unveiling PD’s genetic architecture by engaging leaders,
researchers, and study participants from Africa, Asia,
Middle East, Latin America, and all other URPs within
more developed nations. Hopefully, within the next few
years, we will see a more inclusive research environment
being translated into more higher-quality publications
among URPs, with potential parallel improvements in
the health care of all populations.
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