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Abstract
Purpose of Review  Genome-wide association studies (GWASs) allow correlations between genetic variations and diseases 
that will benefit the field of public health in developing countries. It is considered to be the primary step toward a journey 
from gene discovery to improving health outcomes of individuals. The aim of this manuscript was to examine barriers and 
opportunities of conducting GWASs in selected developing nations by considering a holistic set of elements including 
demand, resources, implementation/practicality, and adaptation.
Recent Findings  Consideration of various aforementioned elements shows that while some developing countries exhibit 
great potential in performing GWAS research, several factors are still hindering progress toward this direction including 
adaptation/integration, proper governance, and availability of human and financial resources.
Summary  This informative analysis provided information that determined and considered various factors that make it 
challenging to conduct GWAS in developing nations. United efforts from genetic research institutions (i.e., multicenter col-
laboration) and government health agencies are recommended to successfully implement GWASs in developing economies.
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Introduction

A genome-wide association study (GWAS) is an approach 
that involves rapidly scanning markers across the complete 
sets of DNA or genomes of many people to find genetic vari-
ations associated with a particular trait or disease [1]. After 

the first GWAS was published in October 2002, such stud-
ies have then made a huge impact in the underlying world 
of genetics [2]. It has provided an avenue for researchers to 
identify variations in a genomic sequence, then consequently 
use that data to determine correlations between such genetic 
variations (i.e., single nucleotide polymorphisms (SNPs)) 
and human diseases. GWASs have already contributed to 
the identification of SNPs associated with various condi-
tions such as diabetes, heart abnormalities, Parkinson’s dis-
ease, Crohn’s disease, asthma, and mental illnesses [3–7]. 
Thus, the prevention and treatment of diseases could be 
vastly enhanced due to GWASs. In the field of public health, 
GWAS plays an important role in improving disease inter-
vention strategies in the community by predicting individu-
als at risk, designing targeted biologic interventions, and 
establishing deeper insights into the etiology of a disease [8].

Despite the successes of GWASs, most studies involv-
ing such innovation are primarily focused on developed 
countries. These countries have evolved in the development 
of sophisticated DNA chips that consequently allowed the 
identification of tiny differences between individuals’ genes 
that predict genetic risks in infancy for which preventable 
measures (i.e., lifestyle changes) could be adopted [6]. 
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However, far fewer GWASs have been conducted in devel-
oping countries, where disparities in burden of disease, 
financial resources, educational attainment, and health out-
comes prevail [6]. In research involving complex diseases, 
race and ethnicity can provide information about social, 
cultural, and environmental factors that affect disease risk. 
The lack of diversity in genetic studies is problematic for a 
variety of ethic and scientific reasons. Continued reliance on 
samples that only represent a fraction of genomic, sociocul-
tural, and environmental diversity limits our understanding 
of disease biology and may ultimately contribute to widen-
ing global health disparities. Greater ancestral diversity in 
study samples has the potential to accelerate discovery of 
causal risk variants and is critical for a greater understand-
ing of the biological causes of disease, including gene and 
environment interactions. Further, broadening diversity of 
studied populations will improve our understanding and 
effectiveness of genomic medicine by expanding the col-
lection of known human genetic variations and eventually 
bolstering our understanding of disease etiology [9••, 10]. 
In this manuscript, we have highlighted the challenges and 
benefits of working with diverse populations, recommended 
practices based on current methods, and noted specific areas 
that are in need of further methodological development. In 
summarizing progress, remaining challenges, and requisite 
next steps, we considered three main domains: (1) researcher 
participation, (2) data resources, and (3) analytic methods.

It is imperative to perform GWASs in developing coun-
tries since significant problems posed by communicable 
diseases (e.g., tuberculosis, HIV) as well as rapid increases 
in non-communicable diseases including cancer and heart 
disease emanate from these countries [11]. Investing in 
genotyping projects including GWASs can provide devel-
oping countries with the necessary tools to better understand 
drug response, disease susceptibility, and disease mecha-
nisms in their own [12, 13]. Further, such investment is also 
critical as a country’s potential entry point into the global 

knowledge-based economy [12]. This manuscript aimed to 
determine the feasibility of conducting GWASs in selected 
developing nations, specifically identifying barriers and 
opportunities of establishing such studies in these countries. 
Developing countries within the context of this study refers 
to those nations which are classified as developing econo-
mies by the United Nations [14].

Current State of GWAS in Developing 
Countries

A PubMed database search by using the keywords “genome-
wide association study” generated 47,995 studies, while that 
using the keywords “genome-wide associate study,” “X,” 
where “X” refers to the name of the country with a devel-
oping economy as classified by the United Nations [14] 
garnered 20,795 results within the last decade (2011–2021) 
(Figs. 1 and 2). Overall, there is an increasing trend in 
GWASs among developing economies (Fig. 2).

General Criteria of Examining Factors Affecting 
the Feasibility of Establishing GWAS in Developing 
Nations

The feasibility of conducting GWASs in developing nations 
is affected by numerous factors including demand, availabil-
ity of resources, implementation/practicality, and adaptation/
integration, acceptability, and ease of implementation and 
integration.

To determine if there is a demand, aspects related to 
diseases affecting the population will need to be assessed. 
If there is a high demand for studies of specific diseases 
in the country, GWAS will definitely play a critical role in 
elucidating the genetic component of such diseases. Next, 
resources needed to perform GWAS include technologi-
cal and financial resources, samples, human resources, and 

Fig. 1   PubMed search results 
using the keywords “genome-
wide association study.” Non-
human studies maybe included 
in the search results
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infrastructure among others, must also be available. Along 
with these needs, researchers will need to have practical 
means of obtaining biological samples as well as other per-
tinent information from participants. This will include get-
ting volunteers to donate samples and ensuring that there is 
written, informed consent before using participant data in 
research. Lastly, in the implementation stage, practicality, 
and integration with existing healthcare practices are critical 
factors that should be taken into consideration.

These criteria were assessed in selected developing coun-
tries or regions including the Philippines, Malaria Genomic 
Epidemiology Network (MalariaGen) (i.e., a research con-
sortium of 21 developing countries in Africa, Asia, and Oce-
ania), China, India, and the Human Heredity and Health in 
Africa (H3Africa) Initiative (i.e., a research consortium of 
more than 30 African countries). MalariaGen’s overall goal 
was to determine how human genetic variations, Plasmo-
dium parasites, and Anopheles mosquitoes affect the trans-
mission of malaria [15]. H3Africa, on the other hand, is an 
initiative borne out of partnerships among the Wellcome 
Trust (United Kingdom), the African Society of Human 
Genetics, and the US National Institutes of Health (NIH) 
with the ultimate goal of facilitating research into diseases 
on the African continents while also developing resources, 
training and ethical guidelines, as well as infrastructure, to 
assist in the development of a sustainable African research 
enterprise [16, 17].

A. Demand

There is a demand for GWASs in developing countries 
because of endemic and/or prevalent diseases affecting 
its population as mentioned in earlier. In many develop-
ing countries, citizens are at high risk for dementia, diabe-
tes, cardiovascular disease (CVD), and depression among 
other diseases [18••, 19•, 20, 21]. Using GWASs, medical 

professionals would be able to use data to determine if a 
patient has genetic risk factors associated with the afore-
mentioned diseases. GWAS could revolutionize precision 
medicine in these developing countries as it has done for 
other highly developed countries. For example, the Philip-
pines currently faces the issue of infant birth defects that are 
causing a rise in the mortality rate and there are few geneti-
cists to diagnose and study these birth defects. The rise in 
birth defects has accelerated genetic testing and studies of 
genetic abnormalities for diseases afflicting the population. 
However, there is still more to be done [22]. GWAS could be 
useful for determining the causes behind these birth defects. 
The Philippines is also faced with the threat of HIV. The rate 
of infection growth in the Philippines is much higher than 
other countries in the Asia–Pacific region [23]. There are cur-
rently GWASs being performed in other countries to deter-
mine genetic risk factors and SNPs related to susceptibility 
to HIV. The rise in HIV in the Philippines makes it a practi-
cal avenue to conduct GWAS in the country. Another illness 
plaguing the Philippines is the dengue virus. GWAS could 
be used to identify genetic risk factors that cause the high 
fatality rate associated with this virus [24••]. Similarly, the 
establishment of the MalariaGEN consortium is a result of 
a need to perform GWASs in order to study the evolutionary 
processes that affect malaria transmission and disease [15].

The presence of rare diseases endemic to a specific region 
is another particular motivation to pursue GWAS in devel-
oping nations. For example, in the Philippines the X-linked 
dystonia–parkinsonism, also referred to as DYT3 dystonia 
or “Lubag” disease characterized by severe and progres-
sive dystonia followed by overt parkinsonism in the later 
years of life, is a major motivation to pursue GWAS in the 
country [25]. In India and China, an asymptomatic infec-
tion with Visceral Leishmaniasis in the Bihar area warrants 
the demand for a possible GWAS study to assess the evolu-
tionary responses toward such infection [26, 27]. Lastly, the 
H3Africa consortium facilitates research into diseases on 

Fig. 2   PubMed search results 
using the keywords “genome-
wide association study” and 
“X” where “X” refers to the 
name of the developing country 
as classified by the United 
Nations. Non-human studies 
maybe included in the search 
results
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the African continent which constitutes 51 projects ranging 
from heart and renal disease, to tuberculosis, which also 
warrants further investigation for GWAS research. An analy-
sis of abstracts in the H3Africa consortium as well as other 
international meetings/conferences suggests that genome-
wide data analysis projects for many H3Africa studies are 
nearing completion with two already published last 2020 
[28, 29•, 30•].

B. Resources

Conducting GWAS requires financial, manpower, and infra-
structure resources. Below are some of the resources that 
must be accessed to ensure successful implementation and 
sustainability of GWASs. Bioinformatic tools are one of the 
vital resources needed to successfully carry out GWASs. 
Many of these bioinformatic tools used for GWASs are pub-
licly available or would cost a small fraction of the overall 
GWAS budget [31]. These tools are typically executed using 
an R package or by using C/C +  + language or Python lan-
guage, which may require additional skillset to successfully 
run these advanced data analytic software packages.

Sample Sources and Publicly Available Datasets  A biobank 
or a large database of patient samples can increase the num-
ber of participants needed for GWASs, leading to an ade-
quate sample size which will yield results representative of 
a chosen cohort [32]. After a biobank has been established, 
it will also need to be maintained, thus, implying involve-
ment of financial resources. Further, there is also a need to 
follow up with participants in prospective studies, as well 
as admission of new subjects. The use of Electronic Health 
Record (EHR) information will facilitate the establishment 
of a biobank. As records become digitized, the information 
are more organized, and electronic records are preserved in 
a safer manner than paper records complementing the exist-
ing biobank [33, 34]; however, not all developing countries 
use EHRs.

In the Philippines, publicly available GWAS datasets 
are very limited and are particularly focused on a specific 
phenotype. For example, the Cebu Longitudinal Health and 
Nutrition Survey is focused on the long-term effects of pre-
natal and early childhood nutrition and health on later adult 
outcomes, including development of chronic disease risk 
factors [35]. Most of the publicly available Indian databases 
for GWAS, on the other hand, are incomplete. Examples of 
Indian specific databases include Index-DB (i.e., a database 
of exonic variants from normal individuals of sub-Indian 
continent), TMC-SNPdb (i.e., contains variants gener-
ated from exome of normal samples derived from cancer 
patients of Indian origin), and GWAS—Central India (i.e., 
a genotype–phenotype association database with summary 

level findings from genetic association studies) [36••, 37••, 
38]. The aforementioned databases have several limitations 
including limited sample size, lack of disease-variant asso-
ciations, and lack of regular updating of the database. This 
can be attributed to numerous factors including financial, 
legal, ethical, and administrative procedures that lead to a lot 
of important parameters not being recorded [36••]. Perhaps 
the largest SNP genotyping database of Asian population 
is the HUGO Pan-Asian SNP consortium. It is comprised 
of Asians by sampling 1,719 unrelated individuals among 
71 populations from China, India, Indonesia, Japan, Malay-
sia, the Philippines, Singapore, South Korea, Taiwan, and 
Thailand [39]. Another large catalogue of genomic data-
base comprises samples of the Han Chinese population (i.e., 
the PGG.Han). It archives the whole-genome sequences or 
high-density genome-wide single-nucleotide variants of 
114,783 Han Chinese population representing geographi-
cal sub-populations of China, as well as Singapore [40••]. 
In Africa, on the other hand, The H3Africa CVD Work-
ing Group is pooling resources and harmonizing data to 
establish the Cardiovascular H3Africa Innovation Resource 
(CHAIR) that will house more than 50,000 participants to 
study environmental and genomic contributions to CVD in 
Africa. Further, CHAIR is ideally placed for meta-analysis 
of GWAS data [41]. As the H3Africa genotyping array only 
became available in early 2018, majority of the GWASs were 
delayed which explains the scarcity of full-scale published 
research studies under the consortium [42]. Overall, there 
seems to be an effort in the establishment of publicly avail-
able genomic databases for developing countries although 
such efforts are also jointly in collaboration and/or funded 
by other developed countries.

EHRs and biobanks provide excellent sources for the nec-
essary genotype data (as discussed earlier) as well as pheno-
type information necessary to perform GWASs. Specifically, 
the sources of phenotype information may include clinical 
examinations conducted by trained, ideally calibrated exam-
iners, clinical records (e.g., electronic patient record data), 
administrative claims data, as well as self-reported data 
(e.g., obtained via written or electronic questionnaires or 
via telephone). The sources for genotype information, on 
the other hand, may include blood samples, saliva samples, 
buccal swabs, as well as blood spots [43••].

Sample Sizes  GWASs require large sample sizes to achieve 
adequate statistical power. Testing a single SNP-marker 
disease association requires only 248 cases, while testing 
500,000 SNPs or 1 million markers requires 1,206 cases 
and 1,255 cases, respectively, under the assumption of an 
odds ratio of 2, 5% disease prevalence, 5% minor allele fre-
quency, complete linkage disequilibrium, 1:1 case/control 
ratio, and a 5% experiment-wise error rate in an allelic test 
[44]. However, it should also be noted that using very large 
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sample sizes for GWAS may not always be necessary. For 
example, if the polygenic contribution is 50% of the phe-
notypic variance, 500 individuals are sufficient to detect 
a quantitative trait locus explaining 5% of the phenotypic 
variance. Extremely large sample sizes are needed to detect 
rare variants that are often important in such cases [45••]. 
In general, the power to detect association between genetic 
variation and disease is a function of multiple factors includ-
ing but not limited to the frequency of the risk allele or geno-
type, the relative risk conferred by the disease-associated 
allele or genotype, the correlation between the genotyped 
marker and the risk allele, sample size, disease prevalence, 
genetic heterogeneity of the sample population as well as 
study design. Power studies have shown that at least 2,000 
to 5,000 samples are required for most diseases when using 
general populations [46].

New statistical method using pleiotropy analysis may also 
be necessary to exponentially increase the ability to discover 
genetic insights. This analysis provides insights on how indi-
vidual genes result in multiple characteristics and has become 
increasingly valuable in mining genes to inform disease treat-
ments. However, there is a challenge related to privacy stipula-
tions in performing comprehensive pleiotropy analysis because 
individual patient data cannot be easily and regularly shared 
between sites. A statistical method called “sum-share,” how-
ever, can integrate multiple electronic health records [47••].

The nature of GWAS has its inherent limitations, espe-
cially in developing economies. That is, since the technol-
ogy is a non-candidate gene approach, it is hypothesis free. 
This leads to the need for large resources (e.g., sample size, 
technology, etc.) to make it successful in developing coun-
tries. Furthermore, replication of the associated loci should 
also be considered as well as deep sequencing followed by 
functional studies to elucidate the underpinning biological 
mechanism of the disease [48].

DNA Extraction, Quantitation, and Quality Assessment  A 
necessary starting point to obtain genetic information needed 
for GWAS may include automated DNA extraction platform 
from the whole blood using either high-salt extraction or 
automated magnetic-bead extraction methods. Alternatively, 
an automated DNA extraction from saliva, buccal brushes, 
or blood spots with automated magnetic-bead extraction 
methods may also be necessary. DNA quantitation including 
quality assessment may employ various spectrophotometric 
and chemical assay procedures [43••]. Overall, the use of 
these techniques requires a skilled researcher. The same is 
also true for the resources mentioned below.

Genotyping Supplies, Equipment, and Software  SNP gen-
otyping, a requirement to obtain genetic information for 
GWAS, would require the use of high-density genotyping 
arrays (e.g., Illumina Infinium Omni5Exome-4 BeadChip 

array, offering ~ 4.3 million variants and exome content) or 
targeted genotyping arrays (e.g., Illumina Metabochip or 
Immunochip). An array scanning platform (e.g., Illumina 
iScan) is also needed. Lastly, a variant calling software, 
Illumina GenomeStudio, which is freely available is also 
necessary [43••]. Variant calling is a necessary step to detect 
sequence variants in clinical samples and also serves as an 
avenue by which virtually all downstream analysis and inter-
pretation processes rely [49•].

Various software which are publicly available are neces-
sary in the imputation, genetic association, visualization, 
meta-analysis, subsequent quality control and post-pro-
cessing of GWAS results, as well as genomic context and 
functional annotations [43••, 49•]. However, it should be 
noted that the use of this software requires a highly skilled 
bioinformatics researcher with a clear understanding of its 
purpose as well as issues arising from it.

Genotype Storage, Transfer, and Management  A cloud- or 
intranet-based storage with secure File Transfer Protocol 
capabilities is required for genotype storage, transfer, and 
management. A high-performance computing cluster should 
allow multi-threading and large memory jobs. A server or 
workstations with common data management and program-
ming suites (e.g., R, SAS, Stata) are also necessary require-
ments for genotype data storage and analysis [43••].

Other considerations that should be taken into account 
when conducting GWASs include capital, human, medical, 
and industrial resources. Sustainability of GWASs is another 
consideration that should be examined. Resources such as 
the Human Genome Project and the HapMap Project have 
greatly contributed to the success of GWASs. Since GWAS 
rely heavily on data analytic platforms as well as the size 
of data to be analyzed, it may also be necessary to con-
sider strong information and communication technology 
resources, also known as digital health. Specifically, GWASs 
require considerable broadband speed. This is unfortunate 
since developing countries such as the Philippines, India, 
and Indonesia are considered to be among the top 3 coun-
tries with the lowest broadband speed in Asia in 2017 [50]. 
In order to mitigate this limitation, efforts are needed toward 
strong digital health governance which involve a holistic 
approach as well as the involvement of several stakeholders 
across agencies. This involves the following steps: 1) defin-
ing the digital health enterprise and identify stakeholders, 
2) identifying and agreeing on what needs to be governed 
such as assets, architecture, standards, and applications, 3) 
identifying instruments to be utilized for governance, 4) 
convening entities and agencies under an identified leader-
ship, 5) adopting a digital health governance framework, 6) 
identifying performance measures and monitoring processes 
for the adopted framework, and 7) maintaining an active 
governance framework according to changing requirements 
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of the digital health enterprise with advancing technological 
adoptions.

Financial  The availability of financial resources is a very 
important consideration in establishing a GWAS research in 
developing countries. In the Philippines, the budget for sci-
ence and research has increased in recent years. The Depart-
ment of Science and Technology (DOST)—Philippines is 
the primary agency for allocating budget for various research 
projects to all investigators in the country. Under the DOST, 
the Philippine Council for Health Research, and Develop-
ment is the sectoral council responsible for coordinating 
and monitoring health research activities in the country. 
Generally, there is limited support for R&D in the Philip-
pines and many investors are not looking to put forth money 
towards R&D right now [51••]. Overall, the Philippines only 
spends 0.14% of its gross domestic product on research and 
development as of 2013 according to the World Bank [52, 
53]. This limited financial priority limits the potential of 
the Philippines to pursue GWASs. The MalariaGen project, 
on the other hand, originated from the work as a result of 
the 2003 funding from the Bill & Melinda Gates Founda-
tion and by the UK Medical Research Council. In 2005, 
the project was formally organized with joint funding from 
the aforementioned foundation and the Wellcome Trust, as 
part of the Grand Challenges in Global Health initiative 
[15, 54]. Similar to MalariaGen, the H3Africa has been 
funded by institutes coming from high developed nations, 
the Wellcome Trust and the US NIH, in partnership with the 
Alliance for Accelerating Excellence in Science in Africa, 
and the African Academy of Sciences through its funding 
platform [55]. Further, while many developing economies 
such as South Africa, Mexico, Brazil, and India were able 
to make significant strides in utilizing genomic sequencing 
technologies due to availability of research funds, the situa-
tion remains unchanged for the rest of the developing nations 
and the world especially, Africa [56].

Human Capital  GWAS will require more human resources 
like geneticists, biochemical scientists, and scientists study-
ing infectious diseases in developing countries. Among 
the scientists studying genetics, few would study human 
subjects which can be considered an obstacle standing in 
the way of implementing GWAS in developing countries 
[57]. Human resources may be gathered through programs 
such as the Balik Scientist Program (BSP) in the Philip-
pines [58]. A Balik Scientist is a science and technology 
expert who is a Filipino citizen or a foreigner of Filipino 
descent, residing abroad and contracted by the Philippine 
Government to return and work in the Philippines along his/
her field of expertise [59]. Despite the institutionalization of 
the BSP, only few Filipino scientists abroad, however, are 
willing to establish a long-term career in the Philippines 

due to lucrative offers abroad. By recruiting scientists from 
various regions of the world as well as exchanging informa-
tion with other scientists, the possibility of pursuing GWAS 
in the Philippines would become more feasible. Similar to 
the BSP of the Philippines, China has also implemented a 
Young Thousand Talent Program with the overall intent of 
recruiting globally bred talent to return to China and fur-
ther enhance the country’s research capacity [60]. In the 
context of MalariaGEN, the challenge of tapping experts in 
the area of GWASs was addressed via a training program in 
which junior researchers from participating research centers 
received intensive training in the analyses of genetic data. 
Specifically, these researchers participated in the annual 
data analysis workshops and also in the annual Malaria-
GEN meetings where they present site specific analyses 
[15, 61]. For the H3Africa, in order to circumvent the lack 
of bioinformatics expertise, the network developed a large 
number of tools, resources, as well as training to support the 
exploration and analysis of the data generated by the con-
sortium. Since developing countries have limited capacities 
in education and human development, insufficient training, 
therefore, would lead to a formidable obstacle in the use of 
state-of-the-art GWAS facilities [16, 56].

Infrastructure  Laboratory spaces will be required for 
genotyping via a collaboration with various neighboring 
institutions. However, even with the help of an academic 
institution, GWAS will likely still require more buildings 
and laboratories to place all the necessary equipment. In 
the Philippines, several initiatives are in place to leverage 
resources from universities to manage and analyze the data. 
In particular, the (DOST) and the Philippine Council for 
Health Research and Development (PCHRD) BSP has the 
primary objective of developing research informatics tools 
and provide mentorship to researchers engaged in a wide 
range of fields [59]. To date, the Philippine Genome Center 
remains to be the primary institution performing GWAS, 
albeit, in a nascent stage [10]. Where research takes place in 
an international collaboration as in the case of MalariaGEN, 
the network should identify strengths and weaknesses for 
all partner sites and be committed to sharing these to others 
[62]. In African countries, the development of infrastructure 
support through the H3ABioNet (i.e., a pan-African bioin-
formatics network designed to enable H3Africa researchers 
to analyze their data in Africa) has strongly contributed to 
the establishment of data analysis facilities, African scien-
tific network, and training programs [16, 63].

Ethical Challenges in Developing Countries

A biobank would be ideal for GWAS in developing coun-
tries; however, there are challenges associated with estab-
lishing a biobank including barriers related to continuous 
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collection of genetic material, ethical standards (i.e., devel-
oping appropriate processes for valid consent, privacy, and 
data release), processing and storage of samples, and infra-
structure. Biobanks can be specialized based on the goal 
of scientific research and design [61, 64, 65]. Many ethical 
issues are raised when genomics research is conducted in 
areas of lower income as well as literacy levels (e.g., how 
to clearly explain complex biomedical concepts) including 
inclusion and reuse of archived samples, export of samples, 
capacity building, and ethical review [62]. In India, with the 
release of Personal Data Protection Bill 2019, informed con-
sent, data minimization, and storing a copy of data within 
India are some of the essential requirements under the bill 
for collection and usage of personal data [36••, 66]. In the 
Philippines, the Republic Act 10,173 or the Data Privacy Act 
of 2012 of the Philippine National Privacy Commission and 
the Philippine Medical Association’s Code of Ethics require 
confidentiality of any information related to the patient’s 
identity [67]. In many developing economies, however, there 
are weak or nonexistent regulatory frameworks related to 
establishing legal and ethical conventions [56]. Beyond 
obtaining informed consent from individual participants, 
it is also essential to conduct a process of engagement or 
consultation with relevant communities and key stakehold-
ers to obtain their views on various social, ethical, and cul-
tural issues the study raises for them [68]. The actions to 
move forward in this field constitute strengthening bioethics 
capacity in developing nations; increasing communications 
between scientists and ethicists in developing and industri-
alized countries; and linking health research to community 
needs in a participatory and transparent manner [69].

Another aspect that should be given consideration is to 
ensure that researchers in developing countries, who gener-
ate samples and data for GWAS, are not placed in a scientific 
disadvantage especially when collaborating with other large 
type of collaborative research partners in order to accom-
plish the GWAS project [61, 65].

C. Implementation/ Practicality

There is also another factor that should be considered—
geography, that could affect the implementation and practi-
cality of GWAS, particularly in archipelagic regions. In the 
Philippines, many of the provinces are separated by waters, 
creating a physical barrier that could affect the sharing of 
physical information and resources. In the MalariaGen 
study, one major challenge for GWAS implementation is 
the development of research capacity across all participating 
research sites. In order to ensure that all research sites are 
capable of conducting site-specific analyses, considerations 

related to central data repository, local infrastructure, and 
network infrastructure need to be considered [62].

D. Adaptation/Integration

The implementation of a GWAS will be more efficient when 
there is an existing electronic patient database to work on. 
Currently, medical records in developing countries are tran-
sitioning from paper to electronic format, but it is a rela-
tively recent change, and few hospitals have integrated EHR 
into their systems [70, 71]. Adapting hospital systems to 
use EHRs is a primary step toward making GWAS feasible 
in developing countries. EHR has aided many countries in 
the pursuit of precision medicine. If all hospitals in these 
developing countries integrated EHRs into their system, 
it would allow for easier access to information that could 
be beneficial for GWAS of their population. Overall, the 
wide adoption of EHRs requires significant effort than what 
is assumed in developing countries because of challenges 
related to current poor level of technological advancement, 
lack of required computer skills, limited resources, the 
research capacity to use the current technologies, as well as 
shift in research investment priorities in order to reduce the 
inequity in international research that currently exists among 
others [72, 73].

Moving Forward

Since GWAS requires significant resources to be carried 
out, a multi-center international collaboration is usually rec-
ommended [48]. That is, current challenges can be met by 
united efforts from government health agencies and genetic 
research institutions by performing large scale sequencing 
projects as well as detailed documentation on patients’ clini-
cal features and family history. Data privacy and safety by 
educating the people involved in aspects related to research 
objectives, subject de-identification, as well as data security 
should be mandatory [36••]. Lastly, it should be noted that 
identifying genetic associations via GWAS is just the first 
step of a long journey. Follow-up analyses, which include 
focusing on translation of the discovered genetic loci into 
new biological insights as well as aiming to implement the 
new knowledge into clinical care, are other major significant 
challenges that must be tackled past the GWAS stage [74••]. 
Such challenges are particularly hindered by the premise that 
the ~ 90% of GWAS-identified genetic variants are located in 
the noncoding parts of the genome [74••].

To summarize, various challenges and opportunities arise 
for establishing GWAS in a developing country (Table 1).
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Conclusion

Several challenges exist among various developing coun-
tries that are hindering their capacity to successfully 
implement GWASs. To establish GWAS in these coun-
tries, demand, availability of resources, implementation/
practicality, and adaptation/integration will need to be 
considered. If these considerations are met, then GWAS 
could potentially be feasible in many developing nations. 
However, application of the aforementioned factors would 
take years of work and would involve significant financial, 
manpower, technological, and infrastructure resources. 
Further, the possibility of GWAS being used in these coun-
tries would depend on the demand. Until human genetics 
becomes a priority in these nations (i.e., hindered by chal-
lenges related to the length of time that it takes for results 
of GWASs to be relevant for improving health as well as 
such studies not considered a priority compared to other 
more immediate translational research), there will be a 
paucity of GWAS implementation in these economies.
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