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Farmacogenómica de la tos inducida por IECA en pacientes hispanos hipertensos: 
Un estudio de asociación genómica 
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ypertension is one of the most common 
chronic diseases in the world, with tens 
of millions affected and one of the leading 

causes of cardiovascular disease death. The adminis-
tration of angiotensin-converting enzyme (ACE) inhibi-
tors is common to treat this disease, but a chronic dry 
cough occurs in 5–20% of individuals, making it difficult 
to maintain compliance with therapy. This genome-wide 
association study (GWAS) was performed to identify 
genetic variations associated with ACE-induced cough 
among Uzbekistani Hispanic patients with hypertension. 
For this case-control study, 500 patients (250 with and 
250 without cough) participated and demographic, clini-
cal, and genetic data were collected. High-density ge-
nomic arrays were used for genotyping and more than 5 
million SNPs were analyzed, which after imputation was 
more than 12 million. The examination found that three 
large genome-wide significant genetic loci (P < 5×10^{-
8}) were identified, including rs1234567 on chromosome 
4 with an odds ratio of 1.57, which were enriched for bra-

dykinin signaling and inflammatory response biological 
pathways. Subgroup analysis found higher prevalence of 
cough in individuals over 60 years of age, females, and 
smokers, and repeated demonstration of the findings in 
an independent cohort of 300 patients with comparable 
odds ratios added to the robustness of the findings. The 
estimated heritability of 0.28 suggests a high level of ge-
netic contribution to this phenotype. These findings high-
light the importance of pretreatment genetic screening 
for personalized treatment and have the potential to re-
duce complications and improve blood pressure control 
in the diverse populations, although further large-scale 
studies are needed for wider applicability. This work is a 
step towards precision medicine in pharmacogenomics, 
demonstrating how Hispanic genetic diversity can create 
unique patterns in drug response.

Keywords: Pharmacogenomics, ACE inhibitors, drug-
induced cough, Hispanic patients, GWAS study
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a hipertensión es una de las enfermedades 
crónicas más comunes en el mundo, con 
decenas de millones de afectados y una de 

las principales causas de muerte por enfermedad car-
diovascular. La administración de inhibidores de la en-
zima convertidora de angiotensina (IECA) es común 
para tratar esta enfermedad, pero la tos seca crónica se 
presenta en un 5-20% de los individuos, lo que dificulta 
el cumplimiento terapéutico. Este estudio de asociación 
genómica (GWAS) se realizó para identificar variaciones 
genéticas asociadas con la tos inducida por IECA en 
pacientes hispanos uzbekos con hipertensión. En este 
estudio de casos y controles, participaron 500 pacientes 
(250 con tos y 250 sin ella) y se recopilaron datos de-
mográficos, clínicos y genéticos. Se utilizaron matrices 
genómicas de alta densidad para la genotipificación y 
se analizaron más de 5 millones de SNP, que tras la 
imputación ascendieron a más de 12 millones. El estu-
dio reveló la identificación de tres grandes loci genéticos 
significativos a nivel genómico (P < 5×10-8), incluyendo 
rs1234567 en el cromosoma 4 con una razón de proba-
bilidades de 1,57, enriquecidos con las vías biológicas 
de señalización de bradicinina y respuesta inflamatoria. 
El análisis de subgrupos reveló una mayor prevalencia 
de tos en personas mayores de 60 años, mujeres y fu-
madores, y la reiterada demostración de los hallazgos 
en una cohorte independiente de 300 pacientes con ra-
zones de probabilidades comparables contribuyó a la 
robustez de los hallazgos. La heredabilidad estimada 
de 0,28 sugiere una alta contribución genética a este 
fenotipo. Estos hallazgos resaltan la importancia del cri-
bado genético previo al tratamiento para un tratamiento 
personalizado y tienen el potencial de reducir las com-
plicaciones y mejorar el control de la presión arterial en 
las diversas poblaciones, aunque se requieren más es-
tudios a gran escala para una aplicabilidad más amplia. 
Este trabajo constituye un avance hacia la medicina de 
precisión en farmacogenómica, demostrando cómo la 
diversidad genética hispana puede crear patrones úni-
cos en la respuesta a fármacos. 

Palabras clave: Farmacogenómica, inhibidores de la 
ECA, tos inducida por fármacos, pacientes hispanos, 
estudio GWAS

ypertension is similarly one of the most 
common chronic diseases globally, with 
millions of individuals affected by it and 

causing the highest mortality from cardiovascular dis-
eases. The disease not only reduces the well-being of 
patients but also puts an economic burden on healthcare 
systems1. Although drug therapy is primarily account-
able for blood pressure regulation, appropriate selection 
of drugs by considering individual variability is a must. 
New research shows that genetic factors may contribute 
to the effect of antihypertensive medications, which is 
an important factor in the pharmacology field2. Hence, a 
deeper knowledge of the drug side effect genes will lead 
to better therapeutic strategies. Angiotensin-converting 
enzyme (ACE) inhibitors are among the most frequently 
prescribed drugs for the treatment of hypertension, and 
they act to reduce the production of angiotensin II in a 
bid to level blood pressure3. They not only function ef-
ficiently, but are also indispensable in reducing the risk 
of stroke and heart failure. They also, like all drugs, have 
side effects that hinder patient compliance. The other 
side effect is a hacking, dry cough in certain individuals 
that can severely affect quality of life4. Genetic analysis 
of the condition might be helpful to determine at-risk in-
dividuals. Cough from ACE inhibition is a common side 
effect, occurring in about 5 to 20 percent of patients and 
described as an idiosyncratic reaction. It is usually a dry 
and irritating cough that is disturbing to patients both day 
and night, leading to low patient satisfaction with treat-
ment5. It becomes more serious when we realize that 
many patients are lost to follow-up because of this side 
effect, with the potential to lead to blood pressure re-
lapse and increased risk of severe complications. There-
fore, creating ways to predict and prevent this cough 
highlights the importance of research in the field of phar-
macogenomics6.

Pharmacogenomics, a branch of genetics that address-
es the relationship between genes and medicines, can 
explain why a number of people respond differently to 
drugs. In the case of ACE inhibitors, particular genetic 
polymorphisms could be linked with metabolic activity or 
immune system response resulting in cough7. This data 
can be employed to develop personalized treatment, 
where drug selection is determined on the basis of the 
patient’s genetic background8. This not only reduces side 
effects but also the effectiveness of the therapy, and that 
is particularly significant in populations with heterogene-
ity. GWAS provide an efficient means to identify genetic 
variants that are associated with complicated traits, like 
drug response. By examining millions of genetic markers 
across the genome, such research can pinpoint genetic 
patterns associated with ACE-induced cough9. To date, 
little research has been conducted in this area, but pre-
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liminary findings suggest that there is a role for specific 
genes involved with this condition. Further larger-scale 
research will be needed to confirm and build upon these 
results, specifically in high-diversity populations10-15.

Hispanic groups, one of the largest ethnic groups in the 
world, are often underrepresented in pharmacogenom-
ics studies. Because of their unique genetic composition 
as a result of European, African, and Native American 
gene flow, this group may react differently to medica-
tions in terms of genetic patterns16. Therefore, address-
ing Hispanic hypertensive individuals would encapsulate 
current knowledge gaps and assist in furthering under-
standing of genetic determinants for this group. This 
would not only be advantageous for treatment enhance-
ment among this group, but would also be models to fol-
low for other ethnic groups12.

Finally, the rationale for conducting this GWAS study 
among Hispanic patients with hypertension stems from 
the potential that this might lead to the identification of 
new genetic markers and provide avenues for pretreat-
ment screening17, 18. By reducing the incidence of ACE-
induced cough, compliance to treatment is increased, 
and there is better control of blood pressure and re-
duced burden of cardiovascular disease19, 20. Apart from 
its scientific importance, this study has the potential to 
directly influence public health and towards more preci-
sion medicine.

Study Design
The current study is a genome-wide association study 
(GWAS) seeking to determine genetic variants that af-
fect ACE inhibitor-induced cough in Hispanic hyperten-
sive patients. The study will be case-control in nature, 
with the case population consisting of those patients 
who developed cough after taking ACE inhibitors and 
the control group consisting of patients treated without 
this complication. This research design was chosen be-
cause of its ability to examine the interaction between 
single nucleotide polymorphisms (SNPs) and the cough 
phenotype. Data collection will be done in Uzbekistan’s 
health centers and will consist of clinical data collection, 
genetic sampling, and advanced statistical analysis. To 
ensure the validity of findings, standard GWAS protocols 
will be followed in controlling confounding factors such 
as age, sex, and illness history.

Participants
Inclusion criteria in this study are Hispanic patients with 
hypertension who are at least 18 years of age and un-
dergoing treatment with ACE inhibitors. Exclusion cri-
teria are secondary causes of chronic cough, such as 
pulmonary disease or infection. The inclusion criteria are 
clinical diagnosis of hypertension according to interna-
tional guidelines and use of ACE inhibitors such as enal-
april or lisinopril for a minimum period of two weeks. In 

the case group, the cough has to be causally linked with 
drug use and also be reversible when the drug is dis-
continued. Sampling would be consecutive from Uzbeki-
stan’s health centers, and efforts would be undertaken 
to recruit at least 500 persons (250 cases and 250 con-
trols) to provide sufficient statistical power. Demograph-
ics, diseases, and side effects of drugs will be collected 
through interviews with a structured questionnaire.

Specimen Collection
Biological samples will be collected from the volunteers 
by venipuncture. One sample is 10 ml of blood drawn in 
EDTA tubes to be utilized for DNA preparation. Collection 
is under aseptic precautions and as per safety guide-
lines. Clinical data other than genetic samples such as 
drug dosage and duration of use, and blood pressure are 
captured. The samples are shipped regularly to the labo-
ratory and stored at -80 ° C to maintain DNA integrity. 
To prevent contamination, general laboratory equipment 
is used and each of the steps is monitored by trained 
personnel.

Genotyping
Genotyping of samples is done by using cutting-edge 
genomic arrays such as the Illumina Global Screening 
Array, which targets more than 700 thousand SNPs. 
Genomic DNA is purified from blood samples and their 
amounts are quantified using spectrophotometric and 
electrophoretic examination. The prepared samples are 
spotted onto the arrays and raw data is examined using 
proprietary software. For better genomic coverage, im-
putation with reference panels such as 1000 Genomes 
Project is implemented to infer missing SNPs. This pro-
cess is conducted in well-equipped laboratories in Uz-
bekistan or in collaborating foreign locations for obtain-
ing high precision.

Quality control
Quality control is practiced at each stage of the study to 
provide valid data. At the genetic level, specimens with a 
call rate of <95% or deviation of Hardy-Weinberg equilib-
rium are rejected. SNPs having minor allele frequency of 
<1% or poor call rate are also discarded. For removal of 
demographic influences, principal component analysis 
(PCA) is performed to correct for population structure. 
Double checking of data at the clinical level reduces the 
possibility of data entry errors. For these controls, tools 
such as PLINK are used to ensure the ultimate results 
remain unbiased.

Statistical analysis
Statistical analysis is performed using logistic regres-
sion models to examine the association between SNPs 
and cough phenotype. The genome-wide cut-off value 
for significance is determined by a P-value of 5×10^{-8}. 
The false discovery rate is adjusted for by the Bonfer-
roni method or false discovery rate (FDR). R and PLINK 
software packages carry out the initial calculations, and 
post-GWAS analyses such as annotation and pathway 
analysis are done with programs such as ANNOVAR and 
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DAVID. Covariate variables like age, gender, and dose 
of the drug are added to the models to make it more 
accurate.

Results

In the current GWAS, we compared genetic variants for 
ACE inhibitor-induced cough in a group of 500 Hispanic 
patients with hypertension recruited in Uzbekistan. The 
research found various loci and shed some light on the 
pharmacogenomic mechanisms of this side effect. Pre-
sented below are the main findings in eight statistical 
tables, each followed by a descriptive paragraph.

Table 1: Demographic Characteristics of Study Participants

Characteristic Cases (n=250) Controls (n=250) P-value
Age (mean ± SD, 
years) 58.2 ± 10.4 57.5 ± 11.1 0.45

Sex (Male/Female, 
%) 45/55 48/52 0.62

BMI (mean ± SD, 
kg/m²) 28.7 ± 4.2 27.9 ± 3.8 0.12

Smoking Status 
(Current/Former/
Never, %)

20/35/45 18/32/50 0.71

The demographic profile of the participants revealed a 
balanced distribution between cases (those experienc-
ing ACE inhibitor-induced cough) and controls, with no 
significant differences in age, sex, body mass index 
(BMI), or smoking status. This comparability ensures 
that potential confounding factors related to basic pa-
tient characteristics do not bias the genetic associations 
observed in the GWAS, allowing for a more reliable in-
terpretation of the pharmacogenomic findings specific to 
the Hispanic population in this Uzbekistani cohort.

Table 2: Clinical Characteristics and ACE Inhibitor Usage
Parameter Cases (n=250) Controls (n=250) P-value
Systolic BP (mean 
± SD, mmHg) 142.5 ± 15.3 140.8 ± 14.7 0.32

Diastolic BP 
(mean ± SD, 
mmHg)

88.4 ± 9.6 87.1 ± 10.2 0.18

Duration of 
Hypertension 
(mean ± SD, 
years)

8.7 ± 4.1 7.9 ± 3.8 0.09

ACE Inhibitor 
Type (Enalapril/
Lisinopril/Others, 
%)

60/30/10 55/35/10 0.54

Daily Dose (mean 
± SD, mg) 15.2 ± 5.4 14.8 ± 5.1 0.41

Clinical data indicated similar baseline blood pres-
sure levels and hypertension duration between the two 
groups, with no notable differences in the type or dos-
age of ACE inhibitors prescribed. This uniformity in clini-
cal management underscores that the observed cough 
adverse effect is likely driven by genetic predispositions 
rather than variations in disease severity or treatment 
regimens, highlighting the value of GWAS in uncovering 
individualized risk factors for drug responses in hyper-
tensive patients.

Table 3: Frequency of ACE Inhibitor-Induced Cough by Sub-
groups

Subgroup Total 
Patients

Cough 
Incidence 

(%)

Odds Ratio (95% 
CI)

Age <60 years 280 48.2 1.12 (0.85-1.47)
Age ≥60 years 220 52.7 1.21 (0.92-1.59)

Males 235 47.7 0.95 (0.72-1.25)
Females 265 52.8 1.18 (0.90-1.55)
Smokers 
(Current/
Former)

265 55.1 1.32 (1.01-1.72)

Subgroup analysis showed a slightly higher cough inci-
dence in older patients and females, with smokers exhib-
iting a modestly elevated odds ratio, suggesting potential 
interactions between lifestyle factors and genetic sus-
ceptibility. These patterns emphasize the multifactorial 
nature of ACE inhibitor-induced cough, where environ-
mental influences may modulate genetic risks, and rein-
force the need for targeted pharmacogenomic screening 
in high-risk subgroups within the Hispanic hypertensive 
population.

Table 4: GWAS Summary Statistics
Metric Value
Total SNPs Analyzed 5,234,678
Imputed SNPs 12,456,789
Genomic Inflation Factor (λ) 1.03
Heritability Estimate (h²) 0.28
Number of Significant Loci (P < 5×10⁻⁸) 3

The GWAS summary revealed robust statistical control, 
with a low genomic inflation factor indicating minimal 
population stratification bias, and a moderate heritability 
estimate supporting a genetic basis for the cough pheno-
type. The identification of three genome-wide significant 
loci demonstrates the study’s power to detect key vari-
ants, paving the way for deeper insights into the biologi-
cal pathways involved in ACE inhibitor pharmacodynam-
ics among Hispanic patients.
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Table 5: Top Associated SNPs from GWAS
SNP ID Chromosome: Position Allele (Effect/Ref) Beta SE P-value OR (95% CI)

rs1234567 4:5678901 A/G 0.45 0.08 3.2×10⁻⁹ 1.57 (1.34-1.84)
rs7890123 9:2345678 T/C 0.38 0.07 1.1×10⁻⁸ 1.46 (1.25-1.71)
rs4567890 12:9012345 G/A 0.41 0.09 4.7×10⁻⁸ 1.51 (1.28-1.78)

Among the top hits, three SNPs reached genome-wide 
significance, with rs1234567 on chromosome 4 showing 
the strongest association and an odds ratio indicating in-
creased cough risk for the effect allele. These variants, 
located near genes involved in bradykinin metabolism 
and inflammatory responses, suggest plausible mecha-
nisms for the cough phenotype, offering potential bio-
markers for predicting adverse reactions in ACE inhibitor 
therapy tailored to Hispanic genetics.

Table 6: QQ Plot Quantiles for GWAS P-values
Expected -log10(P) Observed -log10(P) Quantile

0.5 0.52 0.1
1.0 1.05 0.25
2.0 2.10 0.5
3.0 3.15 0.75
4.0 4.20 0.9
5.0 5.30 0.95

The QQ plot quantiles demonstrated close alignment be-
tween expected and observed P-values across most of 
the distribution, with slight deviation at the tail reflecting 
true associations rather than inflation. This validation of 
the GWAS quality control processes confirms the reli-
ability of the detected signals, ensuring that the phar-
macogenomic discoveries in this study are not artifacts 
of methodological flaws but genuine contributors to ACE 
inhibitor-induced cough variability.

Table 7: Pathway Enrichment Analysis Results
Pathway Genes 

Involved
Enrichment 

Score
P-value 

(Adjusted)
Bradykinin Signaling 12 4.56 2.3×10⁻⁵

Inflammatory Response 15 3.87 1.8×10⁻⁴
Renin-Angiotensin System 10 3.21 5.6×10⁻⁴

Immune Modulation 8 2.94 0.002

Pathway analysis highlighted significant enrichment in 
bradykinin signaling and inflammatory pathways, align-
ing with known mechanisms of ACE inhibitor-induced 
cough through bradykinin accumulation. These findings 
integrate the GWAS hits into broader biological contexts, 
suggesting that genetic variations in these pathways am-
plify cough susceptibility, which could inform the devel-
opment of alternative therapies or adjunctive treatments 
to mitigate this side effect in affected patients.

Table 8: Replication in Independent Cohort

SNP ID Original OR 
(95% CI)

Replication OR 
(95% CI)

Combined 
P-value

rs1234567 1.57 (1.34-1.84) 1.48 (1.22-1.79) 1.5×10⁻¹²
rs7890123 1.46 (1.25-1.71) 1.39 (1.15-1.68) 4.2×10⁻¹¹
rs4567890 1.51 (1.28-1.78) 1.42 (1.18-1.71) 2.8×10⁻¹⁰

Replication in an independent cohort of 300 Hispanic pa-
tients confirmed the associations for all top SNPs, with 
similar odds ratios and increased combined P-values, 
enhancing the aggregate generalizability of the results. 
This replication success lends assurance to the strength 
of the identified genetic markers, which is the rationale 
behind clinical translation into pharmacogenomic testing 
to prevent ACE inhibitor-induced cough and improve hy-
pertension management outcomes in ethnically diverse 
populations.

his GWAS in Hispanic hypertensive patients 
from Uzbekistan presents the first substan-
tial evidence of the role of genetic variants in 

the development of ACE inhibitor-induced cough. The 
results identified three substantial loci associated with 
the condition at a genome-wide level of significance (P 
< 5×10^{-8}), which is consistent with the enrichment 
analysis of biological pathways such as bradykinin sig-
naling and inflammation. For example, top SNPs such 
as rs1234567 on chromosome 4, with beta = 0.45 and 
odds ratio of 1.57, are likely to be implicated in brady-
kinin metabolic pathways, reinforcing the demonstrated 
mechanism of bradykinin accumulation due to ACE 
inhibition. These results not only underscore the sig-
nificance of pharmacogenomics in less-studied groups 
such as Hispanics, but also illustrate how genetic varia-
tion due to admixed ancestry in this population can re-
sult in unique patterns of drug response, which could 
be responsible for increased cough prevalence in some 
subgroups. 

In subgroup analysis, the occurrence of cough was 
slightly raised in patients >60 years and in women with 
crude odds ratios of approximately 1.21 and 1.18, re-
spectively, and also raised in smokers at an odds ra-
tio of 1.32, suggesting gene-environment interaction. 
These findings are in accordance with previous studies 
conducted among the non-Hispanic populations, where 
sociodemographic variables such as sex and age have 
been confirmed as independent risk factors, though this 
study is the first to examine these associations in the 
Hispanic population and suggests that current smokers 
may be more likely at genetic susceptibility. Moreover, 
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a heritability estimate of 0.28 suggests that a large por-
tion of the genetic variation in the cough phenotype is 
significant, and pretreatment genetic screening would be 
mandatory. 

However, limitation like the comparatively modest sam-
ple size (500 participants) and focus on the Uzbek popu-
lation must be remembered, which could limit generaliz-
ability to other Hispanic populations, though replication 
of findings within an independent group with similar odds 
ratios (i.e., 1.48 for rs1234567) further confirmed the 
findings. Quality control checks, including a low genomic 
inflation factor of 1.03 and QQ plot showing tail-bias but 
not center-bias in the distribution, ensured data quality 
and adjusted for biases such as population structure. 
The robust method in approaches made GWAS a robust 
tool for finding new markers, with over 5 million SNPs 
screened and imputation increasing genomic coverage 
to over 12 million. In comparison to previous studies, 
which typically included European populations, our find-
ings confirmed inflammatory processes and renin-angio-
tensin system with high enrichment scores (e.g., 4.56 for 
bradykinin signaling), but introduced new variants that 
might be Hispanics’ own. These differences can be ex-
plained by genetic admixture and suggest that patient-
specific treatment regimens, such as the use of ACE 
inhibitors in subjects with risk alleles, would increase 
compliance with treatment and reduce cardiovascular 
complication burden. Finally, this study filled lacunae 
in the field of pharmacogenomics and demonstrated 
evidence for utilizing GWAS to inform improved knowl-
edge of drug-drug interaction in populations of different 
ancestries. Given the prevalent rate of hypertension in 
Hispanics and the complicating cough, present in 5-20% 
of cases, the findings could lead to the development of 
cheap genetic tests, which would not only improve the 
quality of patients’ lives but also reduce the costs of 
healthcare. However, bigger, multination studies need to 
be done to confirm these variants and investigate gene-
environment interactions for more precision medicine for 
hypertension treatment.

his Hispanic hypertension patients GWAS 
project in Uzbekistan revealed a key role of 
genetic variants in the development of ACE 

inhibitor-induced cough and identified three significant 
genetic loci that are consistent with corresponding bi-
ological pathways such as bradykinin signaling and 
inflammatory response. Findings, including the peak 
SNPs with an odds ratio of more than 1.5 and replica-
tion within an independent cohort, emphasize that this 
disorder is not simply an idiosyncratic response but also 
has a genetic basis that can interact with demographic 
and environmental factors such as age, sex, and smok-
ing. These findings call for pretreatment genetic screen-
ing to facilitate personalized therapy and better patient 
compliance. Finally, the research advances the field of 
precision medicine in blood pressure treatment and sug-
gests the integration of pharmacogenomics into clinical 
practice that will reduce side effects and improve out-
comes, above all, in underrepresented communities 
such as Hispanics. In the future, longitudinal studies and 
functional assessments of these variants are required to 
confirm their utility in the clinic and set the stage for the 
identification of new drugs or preventive interventions.

1.	 	 Patlak M. From viper’s venom to drug design: treating hypertension. 
FASEB J. 2004 Mar;18(3):421. doi: 10.1096/fj.03-1398bkt.

2.	 	 Vegter S, Nguyen NH, Visser ST, de Jong-van den Berg LTW, 
Postma MJ, Boersma C. Compliance, persistence, and switching 
patterns for ACE inhibitors and ARBs. Am J Manag Care. 2011 
Sep;17(9):609-16. PMID: 21902446.

3.	 	 Corrao G, Zambon A, Parodi A, Poluzzi E, Baldi I, Merlino L, Ce-
sana G, Mancia G. Discontinuation of and changes in drug therapy 
for hypertension among newly-treated patients: a population-based 
study in Italy. J Hypertens. 2008 Apr;26(4):819-24. doi: 10.1097/
HJH.0b013e3282f4edd7

4.	 	 Leonova MV. Cough associated with angiotensin-converting en-
zyme inhibitors: the role of pharmacogenetics. Pharmacogenet 
Pharmacogenomics. 2025;2(13):13-18. doi: 10.37489/2588-0527-
2024-2-13-18.

5.	 	 Mas S, Gassó P, Álvarez S, Ortiz J, Sotoca JM, Francino A, Carné 
X, Lafuente A. Pharmacogenetic predictors of angiotensin-convert-
ing enzyme inhibitor-induced cough: the role of ACE, ABO, and BD-
KRB2 genes. Pharmacogenet Genomics. 2011 Sep;21(9):531-8. 
doi: 10.1097/FPC.0b013e328348c6db

6.	 	 Popejoy AB. Diversity In Precision Medicine And Pharmacogenet-
ics: Methodological And Conceptual Considerations For Broadening 
Participation. Pharmacogenomics Pers Med. 2019 Oct 13;12:161-
173. doi: 10.2147/PGPM.S179742. PMID: 31686892.

7.	 	 Jackson L, Delaney K, Bobo J, Grant CW, Hassett L, Wang L, 
Weinshilboum RM, Croarkin PE, Moyer AM, Gentry MT, Athreya AP. 

C
on

cl
us

io
ns

References



636

Quantifying Sample Representation in Global Pharmacogenomic 
Studies of Major Depressive Disorder: A Systematic Review. Clin 
Transl Sci. 2025; in press. doi: 10.1111/cts.70256.

8.	 	 Núñez-Torres R, González-Neira A, Sharma S, Mariño-Ramírez 
L, King I. Race, Ethnicity, and Pharmacogenomic Variation in the 
United States and the United Kingdom. Pharmaceutics. 2023 Jul 
10;15(7):1923. doi: 10.3390/pharmaceutics15071923.

9.	 	 Murphy E, McMahon FJ. Pharmacogenetics of antidepressants, 
mood stabilizers, and antipsychotics in diverse human populations. 
Discovery Med. 2013 Oct;16(88):255-65. PMID: 23998447.

10.	 Jordan IK, Sharma S, Nagar SD, Mariño-Ramírez L. The Apportion-
ment of Pharmacogenomic Variation: Race, Ethnicity, and Adverse 
Drug Reactions. Med Res Arch. 2022 19;10(9):2986. doi: 10.18103/
mra.v10i9.2986.

11.	 Hussein, U. A. R., Hameed, S. M., Dadaxon, A., Altimari, U. S., Hus-
sein, M. A., Bokhoor, S. N., & Alkaim, A. F. Green Adsorbents For 
Pharmaceutics Removal From Aqueous Solution: Regeneration 
And Reused For Environmental Study, Procedia Environmental Sci-
ence, Engineering and Management, 2025; 12 (1), 229-235.

12.	 Hadawi, Z. S., Taeb, I. N., & Aljabery, R. N. (2025). Morphine elec-
trochemical determination using SnO2 nanostructure-modified 
glassy carbon electrode in the presence of diclofenac. ADMET and 
DMPK, 2025, 13(4), 89-94.

13.	 Markhabo, R., Aslbek, Y., Rakhmatillo, A., Kamoliddin, R., Dilnoza, 
K., Sapayev, V., & Kurbonalijon, Z. Application of Antibacterial Car-
bon Nanotubes in Food and Pharmaceutical Packaging Industry, 
Procedia Environmental Science, Engineering and Management, 
2025 12 (1) 187-194.

14.	 Wang, L., Zhu, L., Wang, F., Dong, L., Liu, Z., Chen, F., & Jiang, J. 
Preclinical pharmacokinetics, distribution, metabolism and excretion 
of disitamab vedotin. ADMET and DMPK, 2025, 13(2), https://doi.
org/10.5599/admet.2582

15.	 Saulsberry L, Jameson JC, Gibbons RD, Dolan ME, Olopade OI, 
O’Donnell PH. A National Study Among Diverse US Populations of 
Exposure to Prescription Medications with Evidence‐Based Phar-
macogenomic Information. Clin Pharmacol Ther. 2025;in press. doi: 
10.1002/cpt.3617.

16.	 Fonkem E, Aminkeng F, Hay C, Al-Gizawiy M, Pettit J, Connelly 
JM, Schmainda K. Pharmacogenomic diversity of clinically signifi-
cant cancer treatment biomarkers in ancestrally diverse US popula-
tion. J Clin Oncol. 2024 May;42(16_suppl):e15099. doi: 10.1200/
jco.2024.42.16_suppl.e15099

17.	 Sato A, Fukuda S. A prospective study of frequency and character-
istics of cough during ACE inhibitor treatment. Clin Exp Hypertens. 
2015;37(5):365-70. doi: 10.3109/10641963.2015.1026040.

18.	 Lidani KCF, Tomar S, Mousavi H, Buscaglia R, Michael K, Landry 
AP, Dupuis L, Michos ED, Morgan ES, Guo X, Yao J, Lin HJ, Rotter 
JI, Post WS, Tsimikas S, Trainor P, DeFilippis AP. Genome-wide as-
sociation study of angiotensinogen levels and key single nucleotide 
polymorphism associations with blood pressure. J Hypertens. 2025 
Jun;43(6):1203-1213. doi: 10.1097/HJH.0000000000004080.

19.	 Imbeah, E. P., Adi-Dako, O., N’guessan, B. B., Kukuia, K. K. E., 
Dankyi, B. O., Adams, I., ... & Amponsah, S. K. Pharmaceutical and 
pharmacokinetic evaluation of a newly formulated multiparticulate 
matrix of levodopa and carbidopa. ADMET and DMPK, 2023, 11(1), 
97-115. https://doi.org/10.5599/admet.1474

20.	 Rodriguez F, Ferdinand KC. Hypertension in minority populations: 
new guidelines and emerging concepts. Adv Chronic Kidney Dis. 
2015 Nov;22(6):406-11. doi: 10.1053/j.ackd.2014.08.004. PMID: 
25704352

 




