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PERSPECTIVE

Precision Medicine in Low- and 
Middle-Income Countries
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Knowing the unique challenges that low- and middle-income 
countries (LMICs) face, pharmacogenomics research, a key 
discipline of precision medicine, is much less available in LMICs 
when compared with higher income countries. Nevertheless, there 
have recently been major efforts in collaborations and capacity 
building in genomic medicine in LMICs, many of which have already 
culminated into publications, data, and actions, and it is hoped 
that these efforts will keep on expanding.

Over the past decade, there have been 
major achievements in the field of phar-
macogenetics (PGx), a key discipline of 
precision medicine, especially in North 
America, Europe, and some Southeast 
Asian countries; nevertheless, various chal-
lenges still hinder the worldwide expansion 
of the field especially in LMICs.1,2 The 
aim of this perspective paper is to shed 
light on the gap, challenges, and needs of 
PGx research and clinical implementation 
in LMICs followed by a description of cur-
rent initiatives and further opportunities to 
move forward.

THE GAP
Engagement of LMICs in PGx research
PGx research is much less available in the 
LMICs when compared with high-income 
countries (HICs). As illustrated in 
Figure 1, the proportion of researchers 

registered in Google Scholar with exper-
tise in PGx or pharmacogenomics belong 
mainly to North America and high-income 
South East Asian and European countries. 
Most notably is the very low proportion 
of PGx researchers in large and ethnically 
diverse countries or areas such as China, 
India, and the African continent, which 
is known to carry a large proportion of 
the global disease burden and medication 
intake, hence the missed opportunity for 
the application of precision PGx medicine 
in these populations. Similar results are 
shown when plotting the countries of the 
institutional affiliations of current mem-
bers on editorial boards of journals that are 
specialized in PGx. Interestingly, despite 
the availability of LMICs PGx researchers 
as per Google Scholar data, many of them 
are not included in editorial boards of the 
PGx journals, indicating that they may not 

be internationally recognized in the PGx 
field.

PGx clinical applications in LMICs
The little engagement of LMICs in PGx 
is translated into a much lesser adoption of 
PGx clinical applications in this area of the 
world.2,3 For example, in a recently launched 
survey to worldwide PGx researchers on the 
implementation of PGx,2 we showed that, 
despite good knowledge about and a positive 
attitude toward PGx, a much lesser number 
of LMICs offer PGx testing when compared 
with HICs. In addition, although the major-
ity of respondents from HICs ascertain that 
PGx is already implemented in practice, this 
is not the case in most of the LMICs.

CHALLENGES AND NEEDS
The above-described gap does not come as 
a surprise knowing the unique challenges 
that LMICs face. We have shown in this 
same survey that, despite some challenges 
being universal, LMICs suffer from 
the unavailability of infrastructure and 
knowledgeable or well-qualified scientific 
capacity, little funding and resources, and 
suboptimal regulations.2 Another prob-
lem in LMICs that is unique to genomic 
research is that the PGx biomarker allele 
frequency data and their associated evi-
dence for clinical utility emanated from 
populations or ethnicities other than 
theirs.2 This is important knowing that 
there is large interpopulation and even 
intra-ethnic genetic diversity especially 
with admixtures. In addition, there may 
be discordance between the genotype and 
phenotype due to either the lack of com-
prehensive genotyping or the presence of 
specific (common) alleles that are not yet 
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identified. Hence, there is a need for rep-
lication of PGx evaluations in addition to 
further genotyping of specific populations 
to include next-generation sequencing for 
the discovery of new and clinically action-
able PGx variants.4

FILLING THE GAP
Landscape of recent PGx research 
within the LMICs
Over the past years, there have been major 
efforts by LMICs in an attempt to fill 
in the gap. A simple search strategy on 
Medline from publication year 2015 to the 
present using the medical subject headings 
of PGx and precision medicine and their 
keywords, with the hedge of LMICs pro-
vided by Cochrane led to 1,820 abstracts. 

The latter were screened for relevance and 
ended into 317 papers of which 95 were 
pharmacogene frequency (Table S1), and 
222 were drug-genotype PGx (Table S2) 
studies.

At first glance, it seems that many of 
these publications are of relatively low 
sample size and genotyped a relatively 
small number of already known candidate 
genes using old-generation technologies. 
Nevertheless, they are important contri-
butions to the PGx literature, especially 
concerning the genotyping of different 
ethnicities or tribes within each country, 
and the evaluation of drugs and diseases 
that are peculiar to certain areas, such as 
antiviral and antituberculosis drugs for 
Africa. In addition, much of the efforts 
focused on genotyping a large number 

of very important PGx variants, some-
times using microarrays or whole-exome 
sequencing. Relevant studies also include 
genotype–phenotype association analyses 
and studies that evaluate the performance 
of drug dosing estimations based on PGx 
markers. For instance, although warfa-
rin was extensively studied over the past 
15  years, further studies are still needed 
to include variants that are important for 
specific races or ethnicities in the geno-
type-based dosing algorithms.5

Collaborative initiatives on large-scale 
genotyping
In realization of the need to do more, 
there have been major multinational col-
laborative initiatives for capacity building 
to secure funding, build infrastructure, 

Figure 1  Bar graphs displaying the proportions of members of the editorial boards of journals that are specialized in pharmacogenetics 
(PGx) in comparison with those registered in Google Scholar with expertise in pharmacogenetics or pharmacogenomics. Members on 
the editorial boards of the following journals were compiled: Pharmacogenomics, Personalized Medicine, The Pharmacogenomics Journal, 
Pharmacogenetics and Genomics, Pharmacogenomics and Personalized Medicine, Journal of Pharmacogenomics and Pharmacoproteomics, 
Current Pharmacogenomics and Personalized Medicine, Frontiers in Pharmacology; section of Pharmacogenetics and Pharmacogenomics. 
Numbers were normalized to population size (in millions) based on the 2018 statistical update of the United Nations Development Program. 
Countries are classified based on income from the World Bank country and lending groups in 2018: purple color indicates countries of low-
income economies; green color indicates countries of lower-middle-income economies; blue color indicates countries of upper-middle-income 
economies; black color indicates countries of high-income economies.
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perform large-scale genotyping, and com-
pile and compare genetic and PGx infor-
mation in LMICs populations. Table 1 
lists some of these efforts with a reading 
list in Table S3 describing needs and op-
portunities that are unique to each area or 
population.

These initiatives surely constitute a 
major leap to move PGx research forward 
in LMICs, as many have already contrib-
uted into publications, data, and actions. 
For example, and as seen in Table S1, col-
laborations among LMICs and with HICs 
culminated into data generation for much 
larger and representative populations (e.g., 
Table S1 row 3 for Ibero-Native Americans 
and Table S1 row 36 for Africans). In ad-
dition, they fostered the use of large geno-
typing arrays or deep sequencing for the 
discovery of new genes or variants of inter-
est (e.g., Table S1 row 87 for Sri Lanka and 
Table S1 row 90 for Tunisia).

MOVING FORWARD
Despite all of the above-described initia-
tives and efforts, further undertakings are 
needed to translate PGx into the clinic. 
The need for educational programs and 
initiatives focused on PGx testing and its 
application is of utmost importance. For 
instance, it has been consistently shown 
that, although healthcare professionals 
and the public have a positive attitude to-
ward PGx testing, their genetic literacy 
and translational PGx knowledge is subop-
timal.6 One of the major contributions of 
the Golden Helix Foundation has been the 
organization of conferences and interna-
tional educational activities in PGx, such 
as the Golden Helix Pharmacogenomics 
Days (Table 1). There have so far been 29 
events, most of which occurred in Europe; 
and it is hoped that such efforts are ex-
panded worldwide. In addition to pro-
viding timely updates on the field, these 
activities bring together local faculty to 
expectantly work together for the advance-
ment of PGx in their country or region.

In addition to education, some of the cur-
rent international challenges are also appli-
cable to LMICs. These include the urgent 
need for the inclusion of clinically useful, 
actionable, and evidence-based PGx infor-
mation in drug labels. Despite major efforts 
in this area by many Western entities, such 
as the US Food and Drug Administration 

Table 1  Listing and description of major multinational initiatives in genomic 
medicine in LMICs

Region Description

Africa The Human Health and Heredity in Africa (H3Africa) and the Southern 
African Human Genome Program (SAHGP) aim to characterize 

African genomic variation and to determine the frequencies of known 
variations. The genetic variation detected by the H3Africa and SAHGP 
will be used for the understanding of disease pathogenesis and for 

pharmacogenetics (PGx) applications.

China The Beijing Genomics Institute and the Zhejiang University Center for 
Genetic and Genomic Medicine are multidisciplinary institutions serving 

as hubs for various genomics applications.

Europe plus The Golden Helix Foundation is a UK-based international organization 
with research and educational activities focused on personalized 

medicine. It leads a large number of initiatives to include educational 
platforms and funding mechanisms. Through the Euro-PGx program, 
it has been supporting large-scale genotyping using the DMET+ array 

for people from 18 European countries, some of which are LMICs, 
in addition to few non-European countries. Allele frequencies are 

accessible through the FINDbase database. Also, the Golden Helix 
Foundation organizes the Golden Helix Conferences in addition to 

e-learning courses provided by the Golden Helix Academy; as such, it 
envisions to catalyze (pharmaco)genomics education in LMICs.

Multinational 1000 Pharmacogene Resequencing Project is a follow-up of the Euro-
PGx project. It aims at genotyping 900 healthy individuals from 8 

Southeast Asian + 3 European + 3 Latin American + 2 Middle Eastern 
countries at the RIKEN institute in Japan using the whole pharmacogene 
resequencing panel. In this project, the Golden Helix Foundation leads 

the Public Health Genomics effort.

MENA Plus Greater Middle East (GME) genome program includes whole exome 
sequencing of more than 1,000 individuals from Africa (Northeast and 

Northwest), Turkey, Syria, Persia, Arabian Peninsula, and Pakistan.

AL MENA is a comprehensive resource of human genetic variants 
integrating genomes and exomes from Arab, Middle Eastern, and North 

African populations.

Latin America The MESTIFAR project of the Iberian American Network of 
Pharmacogenetics and Pharmacogenomics (RIBEF) aims for the PGx 
evaluation of more than 6,000 healthy Amerindians and Mestizos.

The REFARGEN Brazilian Pharmacogenomics Network, a nationwide 
consortium of 19 Brazilian research groups to present data on frequency 

of PGx polymorphisms in more than 1,000 individuals.

The EPIGEN-Brazil initiative entails PGx SNP evaluations in three population-
based cohorts of the Northeast, Southeast, and South of Brazil.

The Ecuadorian Center for Genomics and Bioinformatics is a research 
genomic center launched by the Yachay Tech University in collaboration 

with the Golden Helix Foundation.

North America The Instituto Nacional de Medicina Genomica (INMEGEN) in Mexico 
performs research projects related to oncogenomics, nutrigenomics, and 

pharmacogenomics.

South America GenomaCES laboratory and the ChocoGen Research Project are joint 
efforts to discover pharmacogenomic variants and develop cost-effective 

and rapid PGx tests in Columbia.

Southeast Asia Genom Malaysia and the Malaysian Human Variome Project aim for the 
collection of genetic variations data using various technologies, such as 

SNP arrays and NGS.

Southeast Asian Pharmacogenomics (SEAPHARM) Research Network to 
develop CPIC guidelines that are suitable for Southeast Asia.

Sequencing Malay Project (SSMP) for sequencing of a number of Malays 
in Singapore.

Pharmacogenomics and personalized medicine in Thailand to integrate 
a PGx drug card for the top 10 drugs associated with SJS/TEN within a 

nationwide pharmacovigilance program.
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(FDA) and the Pharmacogenomics 
Knowledge Base clinical guideline annota-
tions, data may not be applicable to other 
populations. For example, in a recent critical 
evaluation of the package inserts of selected 
drugs marketed in India, the included data 
were found to be inadequate for five of the 
seven drugs. In addition, the insert did not 
provide any data on Indian patients despite 
the availability of such studies.7

Another challenge is the need for harmo-
nization between diagnostic laboratories 
to deliver accurate PGx results. As a matter 
of fact, the Chinese National Center for 
Clinical Laboratories started evaluating the 
performance of such testing via a national 
external quality assessment program; an eval-
uation of the tacrolimus-related CYP3A5 
genotyping revealed the necessity for im-
provement in accuracy and more education 
on reporting the results.8 Finally, although 
HICs are currently evaluating the integration 
of sophisticated genotyping and informatics 
tools into electronic medical records for the 
utility and feasibility of preemptive PGx ge-
notyping,1 LMICs may be more interested 
and able to invest in simple point-of-care 
assays that are fast and accurate.9

Proposal for a “fast-second winner” 
development strategy
According to the “fast-second winner” 
model for adopting innovations from 
LMICs, and in order to expedite adop-
tion of genome-guided interventions in 
LMICs, discovery science efforts should be 
restricted to these areas and diseases that 
are prevalent in the respective countries/re-
gions and always in concert with institutes 
from developed countries. Most impor-
tantly, and based on the various pressing 
public health priorities and disease burdens 
of resource-limited countries, emphasis 
should be placed on translational and im-
plementation science, that is specifying 
region-specific dosing guidelines, deter-
mining and documenting population-spe-
cific PGx biomarker allele frequencies, 
performing prospective clinical studies of 
genome-guided therapeutic interventions 

in a country-specific manner, and last, 
defining the cost-effectiveness of such ge-
nome-guided interventions that would 
expedite their reimbursement, and hence 
their adoption in daily clinical practice. Of 
equal importance is raising general public 
genomics awareness and healthcare profes-
sionals’ genetics education jointly with in-
stitutions with established track record of 
similar activities that could also act as the 
innovation observatory, as suggested by the 
“fast-second winner” model.10

CONCLUSION
LMICs, by definition, have access to much 
less resources; paradoxically, however, they 
constitute a relatively large percentage of 
the world population with some peculiar 
chronic communicative diseases and associ-
ated need for long-term therapy. Therefore, 
the implementation of the promise of pre-
cision medicine constitutes a challenge 
that, if not appropriately addressed, may 
widen the gap of health inequalities be-
tween LMICs and HICs even more. There 
have recently been major efforts in collab-
orations and capacity building in genomic 
medicine in LMICs, many of which have 
already culminated into publications, data, 
and actions, and it is hoped that these ef-
forts will keep on expanding.

SUPPORTING INFORMATION
Supplementary information accompanies 
this paper on the Clinical Pharmacology & 
Therapeutics website (www.cpt-journal.com).

Table S1. Detailed list of pharmacogene fre-
quency PGx studies in low- and middle-income 
countries published in Medline between 2015 
and 2019.
Table S2. Detailed list of drug-genotype PGx 
studies in low- and middle-income countries 
published in Medline between 2015 and 
2019.
Table S3. Reading list in support of Table 1.
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