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ABSTRACT 

This study aimed to map Colombia’s pharmacogenomic (PGx) landscape with respect to ancestry by combining 

all PharmGKB variant-drug annotations with local allele-frequency data, in order to measure clinically relevant 

differences among ancestral groups and identify gaps that limit fair access to precision medicine. We analyzed 

4,462 PharmGKB variant annotations spanning 1994–2024, narrowing the dataset to 1,216 significant single-

nucleotide polymorphisms (SNPs) reported in 552 studies. Allele frequencies were compiled for five Colombian 

populations: two largely African-descended (Palenque [PLQ], Chocó [CHG]) and three predominantly European-

descended (ATQCES, ATQPGC, CLM) using the CÓDIGO database. Spearman correlation coefficients assessed 

similarities between population-specific PGx profiles, and SNPs with frequency differences exceeding 25 

percentage points were cataloged. The global PGx literature is heavily skewed toward European ancestry, 

representing 51.5% of 651,532 participants, while African ancestry accounted for only 0.46% (n = 3,031). 

European-leaning Antioquian populations showed strong internal correlations (r² ≥ 0.90), whereas PLQ displayed 

weak or inverse correlations with these groups (r² = −0.20 to −0.02) and only minimal similarity with CHG (r² = 

0.12). Among the SNPs, 28 were highly frequent in PLQ (>75%) but uncommon in Europeans (<50%), while 44 

exhibited the reverse pattern. Notable examples include CYP3A4 rs3735451-C (rivaroxaban; 87.1% vs. 23.2%), 

CYP3A5 rs776746-T (tacrolimus; 85% vs. 23.5%), and rs55881666-C (duloxetine; 15% vs. 84%). Globally, 

71.5% of PGx studies originated in high-income nations. The substantial allele-frequency disparities and 

pronounced research biases underscore the need for ancestry-informed PGx testing and locally tailored dosing 

strategies in Colombia, while the study’s analytic framework and variant catalog provide a foundation for 

implementing precision pharmacotherapy in Latin-American admixed populations. 
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Introduction 

The concept of precision pharmacotherapy—matching medications and dosing to an individual’s genetic profile—

has shifted from theoretical promise to an essential component of clinical care, especially as non-communicable 

diseases continue to rise globally [1]. Central to this approach, pharmacogenomics (PGx) uncovers how inherited 

genetic variation influences drug absorption, metabolism, efficacy, and adverse reactions [2]. However, the 

practical application of PGx findings remains uneven because the majority of variant–drug associations were 

derived from populations of primarily European descent, even though allele frequencies and linkage patterns differ 

considerably across ancestral backgrounds [3]. These differences have meaningful clinical implications: even 

minor shifts in variant prevalence can affect the cost-effectiveness of pharmacogenomic testing and impact overall 

population health outcomes [4]. 

Regions such as Latin America, sub-Saharan Africa, and parts of South-East Asia, which carry high disease 

burdens, are particularly underrepresented in PGx research, perpetuating therapeutic disparities and reducing the 

relevance of dosing guidelines, decision-support systems, and risk stratification tools for these populations [5]. 
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Recognizing this inequity, global initiatives have emphasized the importance of diversity in genomics research. 

The Global Alliance for Genomics and Health, the WHO Genomic Medicine Implementation framework, and the 

U.S. Precision Medicine Initiative all highlight the need to extend pharmacogenomic discovery and clinical 

translation to low- and middle-income countries (LMICs) [6-8]. 

Specialist organizations—including CPIC [9], PharmVar [10], and PharmGKB [11]—have similarly called for 

ancestry-aware pharmacogenomic recommendations, noting that the lack of local allele-frequency data 

compromises the reliability and safety of current guidelines [9-11]. Evidence further shows that ancestry bias 

hinders optimization of multi-drug therapies, confounds comparative-effectiveness research, and complicates the 

estimation of variant penetrance in admixed populations, underscoring the need for population-specific PGx data 

from under-studied regions [9-11]. 

Colombia serves as a compelling case study. Centuries of admixture among Indigenous, European, and African 

populations have produced complex genomic ancestries that vary across small geographic regions, from the 

predominantly African-descended population of San Basilio de Palenque to the largely European-descended 

communities of Antioquia [12]. Emerging national resources, such as the CÓDIGO database, provide allele-

frequency data reflecting this diversity [13]. Yet, these data have not been systematically linked to curated variant–

drug annotations. Consequently, clinicians often rely on extrapolated frequency data from foreign populations, 

risking inaccurate classification of metabolizer status and inappropriate drug dosing. These limitations hinder 

patient safety and reduce health-system efficiency, particularly as electronic health records increasingly integrate 

pre-emptive pharmacogenomic testing [14]. 

A comprehensive, ancestry-stratified PGx map for Colombia could deliver immediate clinical and public-health 

benefits. Locally calibrated screening panels could anticipate adverse drug reactions in high-burden areas such as 

psychiatry and oncology, while genetic counseling for monogenic pharmacogenetic disorders (e.g., 

dihydropyrimidine dehydrogenase deficiency) and cascade testing could be more effectively guided [15]. At the 

population level, ancestry-specific allele frequencies could inform essential-medicine formularies, target cost-

effective pharmacogenomic interventions, improve trial design, support pharmacovigilance, and align national 

policy with global precision-medicine standards [16]. 

This study integrates all PharmGKB variant–drug annotations with allele-frequency data from five Colombian 

subpopulations to (i) construct a detailed pharmacogenomic landscape by ancestry, (ii) identify variants with the 

largest inter-ancestry frequency differences and direct clinical relevance, and (iii) contextualize global research 

output through bibliometric analysis. By filling a key knowledge gap in an admixed LMIC setting, this work aims 

to support the equitable implementation of pharmacogenomics and provide a framework applicable to other 

underrepresented populations. 

Materials and Methods  

Study design 

This research employed a cross-sectional analysis of pharmacogenomic variant annotations. 

 

Data collection 

All available variant–drug associations were retrieved from PharmGKB on March 5, 2025. Two datasets were 

downloaded: one containing all variant–drug associations, including effects on dosing, drug response, and 

metabolism, and another with study-level metadata, such as cohort sizes and biogeographical classifications. After 

merging these datasets, the initial compilation included 4,462 variant annotations from 1,225 studies. 

Variants were filtered according to three criteria: (i) single-nucleotide polymorphisms (SNPs) with a single 

reported allele, excluding genotypes and complex variants; (ii) statistically significant associations (p < 0.05); and 

(iii) availability of allele-frequency data. Allele frequencies for five Colombian populations were obtained from 

the CÓDIGO database using automated Python queries [13]. These populations included two with predominantly 

African ancestry—Palenque (PLQ, n = 34, 84% African ancestry) and Chocó (CHG, n = 96, 76% African 

ancestry)—and three predominantly European populations from Antioquia—ATQCES (n = 404, 50.5% 

European), ATQPGC (n = 624, 55% European), and CLM (n = 96, 62.9% European). Ancestry proportions were 

calculated using ADMIXTURE, with full admixture profiles available in the CÓDIGO database. 

Allele frequencies for PLQ and ATQPGC were determined via whole-genome sequencing, while the remaining 

populations were analyzed through whole-exome sequencing or genome-wide genotyping. The CÓDIGO 
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database (release 1.0) contained 1,441 Colombian samples across 14 populations, encompassing 95,254,482 non-

redundant variants from eight independent datasets. Following filtering, the final dataset included 1,216 variant 

annotations reported across 552 studies, which formed the foundation for all subsequent analyses. 

 

Statistical analysis 

We analyzed the curated set of 1,216 pharmacogenomic variant annotations by computing Spearman correlation 

coefficients across populations using reported allele frequencies. Variants lacking frequency information were 

omitted from the relevant pairwise comparisons. To assess ancestry-specific patterns, we calculated the mean 

allele frequency for each ancestry group: the PLQ population represented African ancestry, while the European 

ancestry estimate was derived from the average of ATQCES, ATQPGC, and CLM populations. Additionally, 

participants from the 1,225 source studies were classified as either cases or controls based on the biogeographical 

ancestry provided in the original publications, with individuals assigned to European, Asian, American, African, 

Other, or Unknown categories. 

 

Bibliometric analysis 

To contextualize population-level allele-frequency differences within the global pharmacogenomic research 

landscape, metadata for all 1,225 studies was retrieved using PubMed IDs through the NCBI Entrez API, 

Unpaywall API, and Crossref API. Information collected included article title, publication date, number of 

authors, first author’s country, citation counts, open-access status, and journal-specific metrics (H-index and 

quartile) extracted from the SCImago Journal Rank database corresponding to the year of publication (1999–

2024). First author affiliations were further mapped to WHO regions [17] and World Bank income classifications 

[18] to allow descriptive analyses of study origin and resource context. 

By integrating allele-frequency data with bibliometric metadata, we were able to relate observed genetic 

variability in Colombian populations to the broader evidence base, highlighting the alignment between local 

frequency contrasts and the clinical significance of variant–drug associations. All analyses were executed in R 

(v4.4.0), and the code, datasets, and detailed annotations are publicly available at 

https://doi.org/10.5281/zenodo.15361131. 

Results and Discussion 

Overview of study characteristics 

Across the initial dataset, 4,462 pharmacogenomic variants were reported in 1,225 studies, representing the full 

spectrum of PharmGKB variant–drug annotations. The earliest study, published in 1994 in Pharmacogenetics and 

Genomics, documented that the T allele was associated with reduced warfarin metabolism relative to the C allele 

[19]. Geographically, studies were primarily concentrated in Europe (34.5%) and the Americas (30.7%) (Figure 

1a; Table 1), and most were conducted in high-income countries (71.5%; Figure 1b; Table 2). Citation patterns 

reflected this distribution, with 27,351 citations (38.8%) from the Americas, 25,501 (36.2%) from Europe, and 

61,432 (87.2%) from high-income nations. Open-access prevalence was highest in the Americas (ratio 2.34) and 

among high-income countries (1.19) (Tables 1 and 2). Regarding journal quality, 65.3% of publications appeared 

in Q1-ranked journals (Figure 1c), yet more than half (50.7%) of all articles were not freely accessible (Figure 

1d). 

  

a) b) 
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c) d) 

Figure 1. Temporal patterns and attributes of PharmGKB-indexed pharmacogenomics studies (n = 1,225). (a) 

Number of publications stratified by WHO region in 5-year intervals. (b) Breakdown of studies according to 

World Bank income categories. (c) Distribution of articles across journal quartiles (Q1–Q4). (d) Proportion of 

studies available as open access over time. NA: not available. 

 

Table 1. Baseline characteristics of publications on pharmacogenomics by region (N = 1,225). 

Variable Americas Europe 
Western 

Pacific 

South-East 

Asia 

Eastern 

Mediterranean 
Africa Not retrieved 

Publications (%) 376 (30.7) 424 (34.6) 289 (23.9) 31 (2.53) 41 (3.35) 16 (1.31) 48 (3.92) 

Total citations (mean 

per paper) 

27,351 

(72.7) 

25,501 

(60.1) 
13,334 (46.1) 669 (21.6) 337 (8.22) 

394 

(24.6) 
2,855 (59.5) 

Median H-index 

(IQR) 
154 (145) 154 (114) 118 (80) 126 (78.5) 103 (81.2) 

154 

(61.8) 
152 (70.5) 

Open access/No open 

access (ratio) 

262/112 

(2.34) 

190/ 

223 (0.85) 
105/173 (0.61) 10/20 (0.5) 20/17 (1.18) 7/9 (0.78) 27/19 (1.42) 

Journal quartile (%) (n = 946) 

Q1 205 (71.18) 209 (67.42) 139 (57.92) 12 (52.17) 10 (34.48) 
10 

(71.43) 
33 (78.57) 

Q2 75 (26.04) 86 (27.74) 86 (35.83) 10 (43.48) 13 (44.83) 4 (28.57) 2 (4.76) 

Q3 8 (2.78) 14 (4.52) 14 (5.83) 0 6 (20.69) 0 6 (14.29) 

Q4 0 1 (0.32) 1 (0.42) 1 (4.35) 0 0 1 (2.38) 

 

Table 2. Baseline characteristics of publications on pharmacogenomics by income group (N = 1,225). 

Variable High income Upper-middle income Lower-middle income Low- income Not retrieved 

Publications (%) 876 (71.5) 239 (19.5) 59 (4.82) 3 (0.25) 48 (3.9) 

Total citations (mean per 

paper) 
61,432 (87.5) 5,067 (7.19) 938 (1.33) 149 (0.21) 2,855 (4.05) 

Median H-index (IQR) 154 (114) 106 (69.8) 126 (80.5) 140 (14) 125 (70.5) 

Open access/No open 

access (ratio) 
468/394 (1.19) 100/126 (0.79) 24/33 (0.73) 2/ 1 (2) 27/19 (1.42) 

Journal quartile (%) (n = 946) 

Q1 460 (70.4) 104 (50.2) 19 (45.2) 2 (100) 33 (78.6) 

Q2 175 (26.8) 83 (40.1) 16 (38.1) 0 2 (4.8) 
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Q3 18 (2.8) 18 (8.7) 6 (14.3) 0 6 (14.3) 

Q4 0 2 (1) 1 (2.4) 0 1 (2.4) 

 

Influence of genetic ancestry on pharmacogenomic variation in Colombia 

Analysis of the 1,216 filtered variant annotations (Figure 2a) revealed clear ancestry-dependent patterns in 

Colombian populations. Spearman correlation coefficients were very high among populations with predominantly 

European ancestry (ATQCES, ATQPGC, and CLM), all exceeding 0.9, indicating highly concordant allele-

frequency profiles across these groups (Figure 2b). By contrast, the population with the largest African ancestry 

fraction, San Basilio de Palenque, displayed strikingly divergent pharmacogenomic profiles compared with the 

European-leaning populations (ATQCES: r² = −0.20; ATQPGC: r² = −0.06; CLM: r² = −0.02), each of which 

contains less than 13% African ancestry. San Basilio de Palenque also showed minimal similarity to Chocó (r² = 

0.12), a population with predominantly African ancestry but higher European admixture (11.5%). The Chocó 

population, in turn, exhibited moderate positive correlations with the European-ancestry groups (ATQCES: r² = 

0.79; ATQPGC: r² = 0.75; CLM: r² = 0.80), reflecting partial concordance in pharmacogenomic profiles. 

 

  
a) b) 

  

c) d) 

 
 

e) f) 

Figure 2. Patterns of ancestry, variant selection, and distribution of drug- and gene-level associations in 

Colombian populations. (a) Schematic of the filtering workflow applied to 4,462 PharmGKB drug variant 

annotations, yielding 1,216 variants for analysis. (b) Heatmap illustrating Spearman correlation values for 

allele frequencies across five Colombian populations: ATQCES, ATQPGC, CLM, PLQ (San Basilio de 

Palenque), and CHG (Chocó). (c) Comparison of allele frequencies in PLQ (y-axis, African ancestry) versus 
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the averaged allele frequency of ATQCES, ATQPGC, and CLM (x-axis, European ancestry) for all 

significant SNPs. (d) Ten drugs with the largest number of reported variant associations, classified by 

phenotype. (e) Fifteen genes with the highest number of documented associations, color-coded according to 

phenotype category. (f) Chord diagrams depicting the ancestry composition of participants in the 1,225 

pharmacogenomic studies, separated by ancestry category and study role (case vs. control). 

 

Due to the distinct pharmacogenomic landscape of San Basilio de Palenque, we focused on identifying alleles that 

were especially frequent in this population relative to predominantly European-ancestry groups. To facilitate this 

comparison, we calculated the mean allele frequency across ATQCES, ATQPGC, and CLM—populations chosen 

for their strong pairwise similarity—and plotted these values against the frequencies observed in PLQ for all 

significant SNPs (Figure 2c). This approach revealed 28 SNPs that were highly prevalent in PLQ (allele frequency 

>75%) but rare in European populations (mean frequency <50%), while 44 SNPs displayed the reverse trend, 

being common in Europeans (mean frequency >75%) and less frequent in PLQ (allele frequency <50%). The 

majority of these variants were associated with drug efficacy or pharmacokinetic/metabolism traits. Table 3 

highlights a subset of SNPs with the largest inter-population frequency differences. 

Table 3. Pharmacogenomic variants with differential allele frequencies by ancestry and their associated 

phenotype and drug effects. 

Gene SNP Drug 
Phenotype and direction of 

effect 

PLQ 

(AF%) 

European 

(AF%) 
Reference 

SNPs most predominant in San Basilio de Palenque 

CYP3A4 
rs3735451-

C 
Rivaroxaban Metabolism/PK increased 87.1 23.23 

Li et al. 

(2024)[20] 

CYP3A5 rs776746-T Tacrolimus 
Dosage, Metabolism/PK 

increased 
85 23.5 

Kim et al. 

(2012)[21] 

CDKAL1 
rs7754840-

C 
DPP-4 inhibitors Efficacy increased 76.1 28.4 

Osada et al. 

(2016)[22] 

SNPs most predominant in European populations 

Not 

retrieved 

rs55881666- 

C 
Duloxetine Efficacy decreased 15 84 

Maciukiewicz et 

al. (2018)[23] 

PTPRC 
rs10919563- 

G 

Adalimumab, 

etanercept, infliximab 
Efficacy increased 28 75.6 

Cui et al. 

(2010)[24] 

ABCB1 
rs7787082-

G 
Clozapine Efficacy decreased 29 79.3 

Lee et al. (2012) 

[25] 

AF, allele frequency; PLQ, san basilio de palenque; SNPs, Single Nucleotide Polymorphisms. 

 

In the PLQ population, certain SNPs showed markedly higher frequencies compared to European populations. 

For instance, rs3735451-C, which is linked to elevated rivaroxaban levels in atrial fibrillation patients [20], was 

observed in 87.1% of PLQ individuals, whereas only 23.2% of Europeans carried this allele. Similarly, rs776746-

T, associated with accelerated tacrolimus metabolism in kidney transplant recipients [21], was found in 85% of 

PLQ participants but just 23.5% in Europeans. Rs7754840-C, connected to enhanced response to DPP-4 inhibitors 

in diabetes [22], occurred in 76.1% of PLQ individuals, contrasting with 28.4% in European populations (Table 

3). 

Conversely, several variants were more frequent in European populations. Rs55881666-C, which correlates with 

reduced duloxetine efficacy in major depressive disorder [23], was present in 84% of Europeans but only 15% of 

PLQ participants. Rs10919563-G, linked to improved responses to biologics such as adalimumab, etanercept, or 

infliximab in rheumatoid arthritis [24], was observed in 75.6% of Europeans versus 28% of PLQ individuals. 

Rs7787082-G, associated with lower clozapine response in schizophrenia [25], appeared in 79.3% of Europeans 

compared to 29% in PLQ (Table 3). 

 

Global focus in pharmacogenomics 

We further explored which drugs and genes dominate the pharmacogenomic literature. The ten drugs with the 

largest number of reported significant associations (Figure 2d) accounted for 30.9% of all curated links. Warfarin 
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was the most frequently studied, representing 11.5% of associations, followed by duloxetine (5.3%) and 

methotrexate (2.2%). Most commonly reported drug-related phenotypes involved reduced dosing requirements 

(25.2%) and diminished efficacy (21.8%). Among genes, 36.7% of all associations involved the top 15 most-

studied genes (Figure 2e), with VKORC1 leading at 6.1%, followed by CYP2C9 (4.3%) and SLCO1B1, 

CYP2B6, and CFTR (each 2.6%). Importantly, several highly represented genes—CYP3A4, CYP3A5, VKORC1, 

and SLCO1B1—also displayed major allele-frequency differences between Colombian populations, reinforcing 

their clinical significance for locally tailored pharmacogenomics. 

 

Predominance of European ancestry in PGx research 

Across the 1,225 studies analyzed, a total of 651,532 participants were included, comprising 609,280 cases 

(93.6%) and 42,252 controls (6.4%). Individuals of European ancestry constituted the largest proportion (n = 

336,073; 51.5%) (Figure 2f). Participants of Asian and Native/admixed American ancestry made up 72,359 

(11.1%) and 14,470 (2.22%), respectively, while only 3,031 participants (0.46%) were of African ancestry. The 

remaining individuals either had unreported ancestry (n = 110,073; 16.8%) or were classified as other (n = 

115,526; 17.7%). 

This work presents the first detailed, ancestry-stratified pharmacogenomic map at the variant level for Colombia, 

offering one of the clearest demonstrations of how global PGx discovery often fails to translate effectively to 

local, highly admixed populations. By merging 1,216 statistically significant PharmGKB annotations with allele-

frequency data from five Colombian sub-populations, we examined three intersecting layers of evidence—

bibliometric trends, ancestry representation, and population genetics—to assess whether current global knowledge 

adequately supports clinical decision-making in a tri-hybrid Latin American context [12]. 

The distribution of PGx research remains strongly skewed toward wealthier nations. Among the 1,225 

publications underpinning all PharmGKB variant–drug associations, 71.5% originated from high-income 

countries, and 65.3% appeared in top-quartile journals, yet only half were openly accessible, with the lowest 

availability seen in lower-middle-income settings. Even though the Americas contributed nearly one-third of 

studies, the locations of first authors and citation impact continue to reflect a traditional North–South gradient 

[26]. While this pattern aligns with previous bibliometric analyses showing dominance by resource-rich regions, 

the magnitude of the disparity emphasizes a persistent implementation gap: variants most likely to inform clinical 

decisions in LMICs remain the least explored or validated locally [4, 5]. A 2.34 open-access ratio in the Americas 

suggests regional efforts to reduce paywall barriers, yet restricted access continues to limit national 

pharmacovigilance and formulary decision-making [27]. 

Ancestry-related bias continues to be a critical obstacle in translating PGx research into practice [3]. Across 

651,532 participant records, 51.5% were of European ancestry, compared with only 0.46% of African and 2.22% 

of Native/admixed American ancestry. For a country like Colombia, shaped by centuries of tri-hybrid admixture 

[12], this imbalance has direct clinical implications: applying dosing guidance derived from European-centric 

cohorts carries unmeasured risk. Additionally, the fact that 17% of individuals had unreported ancestry represents 

a preventable source of misclassification that could propagate through meta-analyses and guideline development. 

Although the direction of bias is predictable, its persistence into 2025, despite calls for global equity in research 

[6-8], indicates that conventional funding and peer-review incentives alone are insufficient to correct disparities. 

Fine-scale correlation analyses reveal a bifurcated Colombian PGx landscape. The three Antioquian populations 

(ATQCES, ATQPGC, CLM) showed near-identical allele-frequency profiles (r2 ≥ 0.90), consistent with the 

expectation that shared founder histories produce highly similar PGx patterns. In contrast, the San Basilio de 

Palenque (PLQ) population, which has the highest African ancestry, exhibited weakly negative or negligible 

correlations with European-leaning groups (r2 = −0.20 to −0.02) and minimal concordance with Chocó, another 

Afro-descendant population (r2 = 0.12). 

The low correlation between PLQ and Chocó was somewhat unexpected given their shared African heritage, 

suggesting that founder effects, differential admixture, and localized selection pressures have shaped distinct allele 

distributions. Clinically, this highlights the risk of assuming homogeneity among “African-ancestry” populations; 

intra-continental variation can rival inter-continental differences at pharmacologically actionable loci [28]. 

These population-specific differences have tangible clinical implications. We identified 28 SNPs common in PLQ 

but rare among European Colombians, and 44 with the opposite pattern. For example, rs3735451-C in CYP3A4, 

linked to increased rivaroxaban exposure, was present in 87.1% of PLQ residents versus 23.2% of European 

Colombians, potentially affecting bleeding risk [29]. Similarly, rs776746-T in CYP3A5, associated with faster 
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tacrolimus metabolism, occurred in 85% of PLQ individuals compared to 23.5% in Europeans, reinforcing the 

need for dose adjustments in Afro-descendant transplant recipients [30]. Conversely, rs55881666-C, which 

reduces duloxetine efficacy, was four times more common in Europeans (84% vs. 15%), highlighting potential 

risks of applying European-derived dosing strategies to PLQ patients [31]. 

The divergence between global research priorities and local clinical needs is also evident. Drugs such as warfarin, 

duloxetine, and methotrexate dominate the PGx literature, together comprising nearly one-fifth of all significant 

associations, while VKORC1 and CYP2C9 are the most frequently studied genes. Although warfarin remains 

relevant, newer medications like rivaroxaban now dominate anticoagulant therapy in Colombia, and duloxetine 

does not represent the bulk of antidepressant use [32]. This mismatch reinforces critiques that pharmacogenomics 

has largely focused on “variant discovery” rather than aligning research with pressing local clinical demands 

(“clinical-need hunting”) [33]. 

Even variants showing partial correlation between Chocó and European populations (r2 = 0.75–0.80) are 

informative, revealing intermediate allele sharing due to historical admixture. Such patterns caution against 

oversimplified ancestry classifications and argue for incorporating continuous local ancestry or probabilistic 

genotype imputation in decision-support tools. Additionally, two-thirds of PharmGKB variants identified in 

Colombia did not meet the p < 0.05 threshold, emphasizing that many associations remain population-specific or 

underpowered, and underscoring the need for replication studies [34]. 

Collectively, these findings reinforce the importance of ancestry-informed PGx panels to enable equitable 

precision medicine [35]. For health-technology assessments, the allele-frequency contrasts documented here can 

refine cost-effectiveness calculations, optimizing the number-needed-to-genotype and number-needed-to-treat 

[36]. For regulatory agencies, the overrepresentation of European participants highlights the need for post-

marketing surveillance in admixed populations, especially for drugs with narrow therapeutic indices. Finally, 

national research bodies may leverage bibliometric insights to negotiate open-access policies, facilitating the 

dissemination of locally relevant pharmacogenomic knowledge. 

 

Research gaps and opportunities 

The underrepresentation of African-ancestry populations, even within Latin America, signals a clear need for 

collaborative research with Afro-Colombian communities, focusing on study designs co-developed to overcome 

historical mistrust. Pharmacogenomic trials that account for detailed local ancestry could provide models for other 

countries with highly mixed populations. Linking electronic health records to prospective biobanks in Colombia 

would allow adaptive healthcare systems where allele-frequency data continuously informs clinical decision-

making [36]. 

To speed up translation into practice, national health authorities and research institutions could develop ancestry-

informed dosing guidelines, implement PGx alerts in digital health systems, and fund studies targeting high-risk 

groups such as Afro-Colombians. Engaging underrepresented communities and co-designing protocols is essential 

for ethical and sustainable integration. 

 

Advancing precision medicine 

By comparing global pharmacogenomic evidence with Colombia’s unique genetic landscape, this work highlights 

critical data gaps and presents an analytic approach that other LMICs could adopt. The study provides actionable 

variant lists ready for testing, informs guideline committees about ancestry-specific effect sizes, and offers 

epidemiologic data for payers to support reimbursement decisions [37-41]. Overall, this approach facilitates the 

transition from standardized treatment strategies toward ancestry-aware therapies, improving efficacy, safety, and 

cost-efficiency across the region [26, 42]. 

Limitations and next steps 

This study was designed as a meta-research exercise rather than a reevaluation of pharmacogenomic effect sizes. 

Only variants from peer-reviewed studies reporting clearly defined clinical outcomes were included. By 

integrating these findings with allele-frequency data from the CÓDIGO database, ancestry-specific variants with 

potential clinical relevance were highlighted. The results should be interpreted as hypothesis-generating, and 

prospective validation using individual-level genomic and longitudinal clinical data in Colombian cohorts is 

necessary to confirm clinical impact. 
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Conclusion 

This work delivers the first ancestry-resolved pharmacogenomic map of Colombia, merging PharmGKB variant–

drug annotations with allele-frequency data from five distinct sub-populations. It shows that global PGx evidence 

is predominantly European, leaving key loci under-characterized in admixed and African-ancestry Colombians. 

Clinically relevant allele-frequency differences were quantified—for instance, the CYP3A5*3 enhancer 

rs776746-T occurs four times more often in San Basilio de Palenque than in European-leaning Antioquia—

indicating a clear need for ancestry-informed dosing of medications such as tacrolimus, rivaroxaban, and 

duloxetine. Bibliometric analyses reveal persistent barriers to access and geographic inequities that limit LMIC 

researchers’ ability to replicate and implement PGx findings. 

These insights equip policymakers and payers with the necessary information—allele frequencies, effect sizes, 

and knowledge gaps—to evaluate the cost-effectiveness of pre-emptive genotyping and prioritize high-impact 

tests. Regulators can use the variant catalogue to refine pharmacovigilance and enforce post-marketing monitoring 

in high-risk populations. For researchers, underrepresented variants and populations are highlighted as priorities 

for replication studies, multicenter trials, and guideline development. This framework is readily transferable to 

other admixed LMICs, supporting a more equitable global precision medicine agenda. 
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