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ABSTRACT
Pharmacogenomics (PGx) can potentially tailor medication prescriptions to the genetic profiles of individuals, enhancing treat-
ment outcomes and minimizing adverse drug reactions. This study assessed cardiovascular disease (CVD) patients' knowledge 
and views toward PGx testing in the United Arab Emirates (UAE). A cross-sectional study was conducted among CVD patients 
attending multiple clinics using a validated, culturally adapted, and piloted bilingual questionnaire. Participants were invited via 
phone calls or in-person contact at clinics. Data analysis was conducted using SPSS V.29, incorporating descriptive statistics and 
multivariable logistic regression. A total of 425 responses were analyzed; 67.5% were over 50 years old, and 67.5% held a bachelor's 
degree. Chronic diseases, excluding CVD, affected 65.2%, with 58.1% reporting medication side effects and 36.5% was hospital-
ized due to these effects. Knowledge varied, with 55.3% demonstrating good knowledge; 75.3% recognized DNA as gene-based, 
while 47.5% understood PGx for predicting medication responses. Participants were grouped into three PGx perception clusters: 
Cluster 1 (33.17%) concerned about risks but valued PGx, Cluster 2 (40.23%) worried about privacy/costs, and Cluster 3 (26.58%) 
confident in PGx benefits. Safety was the top priority for 60.2% of respondents, 34.8% would not pay for PGx tets, and 35.3% 
preferred preemptive testing. Regression linked higher PGx knowledge to females, non-healthcare workers, those with genetic 
diseases, and those hospitalized for side effects (p < 0.05). The study highlights a need for educational initiatives in the UAE to 
improve PGx literacy among CVD patients. The findings suggest that targeted awareness campaigns, policy interventions ad-
dressing privacy, and financial support could promote PGx wider adoption.

1   |   Introduction

Pharmacogenomics (PGx) studies are concerned with how an 
individual's genetic makeup influences their response to drugs, 

enabling the development of personalized treatment plans that aim 
to optimize therapeutic efficacy while minimizing adverse drug 
reactions [1, 2]. PGx examines genetic variations that affect key 
pharmacokinetic processes, such as drug absorption, distribution, 
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metabolism, and elimination, as well as pharmacodynamic factors 
like drug-target interactions, thereby informing safer and more ef-
fective therapies [3, 4]. With the advent of cost-effective genotyp-
ing, including Next Generation Sequencing, this field has become 
a cornerstone of personalized medicine, particularly in managing 
chronic diseases such as cardiovascular disease (CVD), cancer, 
and psychiatric disorders, where individualized drug therapies 
often lead to improved outcomes [5, 6].

CVD continue to be a leading cause of morbidity and mortal-
ity worldwide, necessitating ongoing advancements in diagnos-
tic and therapeutic approaches [7]. PGx has shown promise in 
cardiovascular medicine, where genetic testing guides the pre-
scription of medications such as anticoagulants, statins, and 
beta-blockers [8, 9]. Global clinical trials and implementation 
programs have demonstrated that PGx testing improves patient 
outcomes, reduces adverse drug reactions, and optimizes drug 
selection [10]. Recent advancements in genotyping and novel 
gene discoveries have expanded the availability of genetic tests, 
enabling healthcare providers to personalize treatments [11].

Adverse drug reactions (ADRs) are a major global health issue, 
with CVD medications being a notable contributor to these events 
[12]. Drugs such as anticoagulants, statins, and antihypertensives 

can cause serious complications such as bleeding, myopathy, and 
hypotension [13–15]. PGx offers a solution by identifying patients 
at higher risk for ADRs, allowing for personalized medication 
choices, particularly for drugs like warfarin and clopidogrel, which 
can improve patient outcomes and reduce healthcare costs [16].

As PGx testing becomes more accessible in clinical practice, un-
derstanding patients' knowledge, attitudes, and perceptions is 
essential for successful implementation. In the Middle East, PGx 
adoption and integration into clinical practice have been slower 
than in Western countries [17]. Integrating PGx testing into clin-
ical practice in the United Arab Emirates (UAE) is still in its 
early stages, with limited research exploring its potential [18]. 
Studies on Emirati patients have highlighted significant genetic 
variations impacting drug efficacy and safety. Recent studies in 
the UAE revealed significant genetic variations for statins, clopi-
dogrel, warfarin, and antidepressant metabolism, highlight-
ing the need for population-specific PGx research in the UAE 
[19–22]. Assessing cardiovascular patients' knowledge, percep-
tions, and willingness regarding PGx is crucial for informed 
decision-making and identifying areas where educational inter-
ventions are needed [23]. Additionally, understanding patients' 
attitudes and concerns, such as privacy, ethical considerations, 
and perceived barriers, will help address adoption challenges. 
While global attention to PGx is increasing, a need remains for 
focused studies within the UAE and the broader Middle East, 
particularly concerning its acceptance in cardiovascular care 
[24, 25].

This study aims to assess the knowledge and perspectives of 
cardiovascular (CVD) patients in the UAE regarding PGx test-
ing. This study's objectives are: first, evaluate patients' under-
standing of fundamental genetic concepts and PGx applications, 
particularly concerning disease risk and medication response; 
second, explore patients' attitudes and perceptions on privacy, 
cost, and potential social implications associated with PGx test-
ing; and finally, examine patients' preferences for the timing of 
PGx testing and their willingness to pay out of pocket for the 
PGx tests.

2   |   Methods

2.1   |   Study Design and Setting

This cross-sectional study was conducted among cardiovascu-
lar patients recruited from diverse healthcare settings across the 
United Arab Emirates (UAE), including government and pri-
vate hospitals in different Emirates. The sample also included 
participants from the EmHeart Study, a clinical trial conducted 
in Al-Ain that investigated the clinical utility of PGx testing for 
commonly prescribed cardiovascular drugs such as warfarin, 
clopidogrel, atorvastatin, and rosuvastatin [21].

2.2   |   Study Tool

A structured questionnaire developed from an extensive review 
of PGx literature [26–28] included five sections: demographics, 
genetic and PGx knowledge, perceptions and attitudes, testing 
priorities, and willingness to pay. Some sections were adapted 

Summary

•	 What is the current knowledge on the topic?
○	 PGx can improve therapeutic safety and effective-

ness, but global patient awareness remains low. In 
the Middle East, particularly the UAE, most PGx-
related studies have focused on healthcare provid-
ers, leaving a critical gap in understanding patient 
perspectives and readiness.

•	 What question did this study address?
○	 This study explored PGx knowledge, attitudes, and 

willingness to adopt PGx testing among cardio-
vascular patients in the UAE and identified demo-
graphic, clinical, and attitudinal factors associated 
with knowledge levels.

•	 What does this study add to our knowledge?
○	 Over half of the 425 patients were unfamiliar with 

PGx. However, knowledge was significantly higher 
among females, individuals with genetic conditions, 
those hospitalized due to medication side effects, 
and patients on more than 10 medications. Despite 
92.7% having insurance, one-third were unwilling 
to pay out of pocket, highlighting cost as a bar-
rier. Preference for preemptive testing and trust in 
PGx benefits were strong, indicating openness to 
integration.

•	 How might this change clinical pharmacology or 
translational science?
○	 The findings emphasize the importance of patient-

targeted education and highlight patient subgroups 
that may serve as early adopters of PGx. The results 
also inform UAE health policymakers on insurance 
gaps, support integrating PGx into routine cardio-
vascular care, and underscore the urgency for re-
gionally tailored implementation strategies.
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from validated instruments, while others were tailored to align 
with study objectives and the local context. A certified, back-to-
back translation process ensured cultural and linguistic accu-
racy (Tables S1 and S2).

2.3   |   Validation and Reliability

A panel of PGx experts and academic professionals reviewed 
the content for relevance, clarity, and accuracy. Following this, 
a pilot test was conducted with 40 cardiovascular patients in the 
UAE to evaluate readability, clarity, and cultural fit. Based on 
participant feedback, minor wording adjustments were made to 
enhance understanding. The overall reliability of the question-
naire was assessed with a Cronbach's alpha of 0.74, indicating 
acceptable internal consistency.

2.4   |   Sample Size and Sampling

Using Daniel's formula (n = Z2P(1 − P)/d2), a sample size of 
384 was calculated based on a 95% confidence level, 50% esti-
mated prevalence, and 5% margin of error. Without prior data 
on knowledge prevalence, an estimated prevalence of 50% (0.5) 
was assumed [29]. A total of 425 participants were recruited to 
ensure adequate representation.

Inclusion criteria targeted adult patients (aged 18 years and 
older) diagnosed with one or more cardiovascular diseases, such 
as hypertension, dyslipidaemia, ischemic heart disease, myocar-
dial infarction, stroke, or heart failure, and receiving at least one 
of the PGx relevant CVD medications.

Convenience sampling was applied: trial participants who com-
pleted follow-ups were contacted by phone, while patients visit-
ing hospital cardiac clinics were invited in person.

2.5   |   Data Collection

Data collection was conducted using two primary methods. The 
first group consisted of the trial participants contacted by phone, 
with follow-up reminders. The second group included patients 
recruited from various cardiac clinics, who were approached in 
the clinic waiting areas. Before inviting them to participate, clinic 
investigators verified each patient's cardiovascular diagnosis with 
current medication through the healthcare system. Following an 
introduction to the study, participants were allowed to complete 
the survey on-site or receive follow-up via email or WhatsApp. 
Data collection occurred from December 10, 2023, to November 
30, 2024. Investigators received professional training to ensure the 
study was introduced clearly, allowing patients to understand the 
process and participate without bias.

2.6   |   Data Analysis

Data analysis was performed using SPSS version 29. Descriptive 
statistics were used to summarize categorical variables, and 
normality was assessed with Kolmogorov–Smirnov and 
Shapiro–Wilk tests. Due to the non-normal data distribution, 

non-parametric analyses were applied. Exploratory factor anal-
ysis (EFA) was conducted to identify latent constructs in the 
knowledge and perception sections, supported by a high Kaiser-
Meyer-Olkin (KMO) value. K-means clustering was used to seg-
ment participant attitudes into distinct profiles. Multivariable 
logistic regression was employed to examine factors associated 
with PGx knowledge, and sensitivity analysis was performed to 
validate the model's robustness.

2.7   |   Ethical Considerations

Ethical approval was obtained from ethics committees for both 
trial and hospital-recruited patients (DSREC-SR-11/2024_06) 
and the Abu Dhabi Health Research and Technology Ethical 
Committee (DOH/CVDC/2020/1187; DOH/CVDC/2021/1519; 
and DOH/CVDC/2022/1458). Participants provided electronic 
informed consent and were informed of their anonymity, right 
to withdraw, and data confidentiality. No personal identifiers 
were recorded, and consent forms were distributed electroni-
cally before survey participation.

3   |   Results

3.1   |   Participants Demographics

Participants' demographics revealed a slight majority of males, 
221 (52%), with most participants, 287 (67.5%), being over 
50 years of age. Educationally, the majority hold at least a bache-
lor's degree, 287 (67.5%), while 185 (43.5%) are not currently em-
ployed. Another chronic disease, rather than CVD, prevalence 
stands at 277 (65.2%), with over half, 247 (58.1%), having experi-
enced medication side effects, and 155 (36.5%) of these individu-
als have been hospitalized due to such side effects. Additionally, 
216 (50.8%) participants were unaware of PGx (Table 1).

3.2   |   Participants Knowledge

Regarding the participant's knowledge, most participants cor-
rectly identified that genes are made of DNA, 320 (75.3%) and 
that a healthy person could be a carrier of genetic diseases, 315 
(74.1%). However, only 202 (47.5%) understood that PGx could 
determine medication responses. Knowledge of specific appli-
cations of PGx was lower, with only 171 (40.2%) aware that tests 
could suggest suitable drugs (Table 2).

3.3   |   Normality Test of Knowledge Score

The Kolmogorov–Smirnov (Statistic = 0.109, p < 0.001) and 
Shapiro–Wilk (Statistic = 0.950, p < 0.001) tests indicated signifi-
cant deviations from normality in the Knowledge Score, justify-
ing the use of non-parametric methods for subsequent analyses.

3.4   |   Knowledge Score Categories

The median knowledge score was 6.00, with an interquartile 
range from 4.00 to 8.00. Given the non-normal distribution of 
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TABLE 1    |    Characteristics of the participants.

Demographics N (%)

Gender Female 204 (48)

Male 221 (52)

Age < 50 138 (32.5)

> 50 287 (67.5)

Education Bachelor's or higher 287 (67.5)

Diploma 43 (10.1)

High School 79 (18.6)

Less than Secondary 16 (3.8)

Occupation Not working 185 (43.5)

Working-healthcare sector 36 (8.5)

Working-non healthcare sector 204 (48)

Family monthly income Less than 10,000 AED 184 (43.3)

10,000–25,000 AED 154 (36.2)

25,000–40,000 AED 52 (12.2)

More than 40,000 AED 35 (8.2)

Medical insurance Yes 394 (92.7)

No 31 (7.3)

Medical History

Do you have any genetic diseasesa? Yes 287 (67.5)

No 111 (26.1)

Not sure 27 (6.4)

Do any of your family members have a genetic disease Yes 302 (71.1)

No 91 (21.4)

Not sure 32 (7.5)

Do you have any other chronic diseases (Diabetes, arthritis, thyroid, 
cancer, kidney failure, liver failure, and others)

Yes 277 (65.2)

No 122 (28.7)

Not sure 26 (6.1)

Have you ever experienced side effects due to your medications Yes 247 (58.1)

No 124 (29.2)

Not sure 54 (12.7)

Have you ever been hospitalized due to medication side effects? Yes 155 (36.5)

No 191 (44.9)

Not sure 79 (18.6)

Have any of your family members ever been hospitalized due to 
medication side effects

Yes 184 (43.3)

No 130 (30.6)

Not sure 111 (26.1)

(Continues)
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scores, the median serves as a reasonable threshold, dividing 
participants into “poor knowledge” (scores below 6) and “good 
knowledge” (scores of 6 or higher). This categorization resulted 
in 235 participants (55.3%) in the “good knowledge” group and 
190 (44.7%) in the “poor knowledge” group.

3.5   |   Participants' Perceptions and Attitudes

Participants' perceptions and attitudes toward PGx testing reveal 
that a majority, 363 (85.4%), believe test results will aid future 
health choices, and 348 (81.9%) would inform family members 
of any alarming findings. Privacy and confidentiality concerns 
are notable for 232 (54.6%), and 216 (50.8%) express concern 
about test costs if self-paid (Table 3).

3.6   |   Participants' Priorities 
of the Pharmacogenomics Test

Participants prioritized safety in PGx testing, with 256 (60.2%) 
ranking it highest for confirming drug safety. Effectiveness was 
the second priority, 200 (47.1%), followed by cost efficiency, 188 
(44.2%), and reducing the number of medications was the least 
prioritized, 275 (64.7% ranked it fourth) (Figure 1).

3.7   |   Participants' Willingness to Pay and Preferred 
Timing for Pharmacogenomics Testing

The willingness of participants to pay for PGx testing showed var-
ied responses. A significant proportion, 148 participants (34.8%), 
were unwilling to pay any out-of-pocket costs. Meanwhile, 124 
participants (29.2%) were willing to pay up to 1000 AED, 89 par-
ticipants (20.9%) up to 300 AED, and 64 participants (15.1%) up 

to 500 AED. Moreover, participants had differing preferences re-
garding the timing of PGx testing. Most participants150 (35.3%) 
favored undergoing testing preemptively before any medical 
conditions developed. Others preferred testing only upon a doc-
tor's recommendation, 106 (24.9%) (Figure 2).

3.8   |   Explanatory Factor Analysis (EFA)

The KMO and Bartlett's tests confirmed the suitability of the 
data for factor analysis, with a strong KMO score of 0.863 and a 
significant Bartlett's test (p < 0.001), indicating sufficient inter-
item correlations. Exploratory Factor Analysis revealed accept-
able factor loadings for knowledge-related items, supporting the 
construct of PGx knowledge, with loadings between 0.481 and 
0.821. For perception-related items, the analysis identified four 
distinct dimensions: (i) discrimination and social impact con-
cerns, (ii) financial and privacy concerns, (iii) personal health 
empowerment, and (iv) unwanted health information, with 
factor loadings from 0.592 to 0.763, emphasizing strong associa-
tions within each construct.

3.9   |   Cluster Analysis of Participants' Attitudes 
and Perceptions

K-means clustering was used to categorize participants based 
on their attitudes toward PGx testing, with hierarchical analy-
sis guiding the selection of a three-cluster solution. Agreement 
with each statement was rated on a scale from 1 to 3, with 3 in-
dicating the highest level of agreement. The first cluster, com-
prising 141 participants (33.17%), exhibited low concerns about 
discrimination and privacy, largely disagreed with statements 
on unfair treatment, and held a neutral view on costs while 
generally recognizing the health benefits of PGx. The second 

Demographics N (%)

How long have you had any of the following cardiovascular diseases, 
such as high blood pressure, high cholesterol, heart disease, stroke?

1–5 years 96 (22.6)

6–10 years 85 (20)

> 10 years 244 (57.4)

How many medications are you taking daily? < 5 medication/day 156 (36.7)

5–9 medication/day 182 (42.8)

> 10 medication/day 87 (20.5)

Source of information

What is your source of information about Pharmacogenomics? 
(multi-selection)

Healthcare providers (physicians, 
pharmacists, nurses…)

169 (39.8)

Books, Newspapers, and magazines 57 (13.4)

Social media (Facebook, Instagram,…) 61 (14.4)

Media (TV, Radio) 31 (7.3)

Family and Friends 41 (9.6)

I had not heard about PGx before 216 (50.8)
aGenetic disease was defined for participants as any inherited condition, including thalassemia, sickle cell anemia, G6PD deficiency, familial hypercholesterolemia, 
and other hereditary disorders.

TABLE 1    |    (Continued)
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cluster, with 171 participants (40.23%), expressed high con-
cerns regarding privacy, confidentiality, and financial costs, 
showing heightened caution about sharing genetic informa-
tion. The third cluster, including 113 participants (26.58%), 
showed minimal concerns about risks such as discrimina-
tion and privacy, focusing instead on the empowerment and 
health benefits of PGx and expressing strong confidence in 
using test results to inform their health decisions (Figure  3 
and Table S3).

3.10   |   Comparative Analysis of the Clusters

The Kruskal-Wallis test shows significant differences in 
knowledge scores across clusters (p = 0.040). Cluster 2 has the 
highest mean rank, suggesting higher knowledge scores than 
Clusters 1 and 3. A pairwise comparison was conducted using 
the Mann–Whitney U test with Bonferroni correction. The re-
sults revealed that only the difference between Cluster 2 and 
3 remained statistically significant (p = 0.012 < 0.0167), which 
indicates that participants in Cluster 2 have significantly 
higher knowledge levels than those in Cluster 3. In contrast, 
no significant differences were observed between Clusters 1 
and 2 or Clusters 1 and 3.

3.11   |   Multivariable Logistic Regression

Chi-square analysis revealed significant associations between 
PGx knowledge and demographic and health-related variables. 
Participants under 50, those with a bachelor's degree or higher, 
higher family income, healthcare workers, and individuals with 
a family history of genetic conditions or who experienced medi-
cation side effects or related hospitalizations showed higher PGx 
knowledge levels at (p < 0.001 for each) (Table S4).

TABLE 2    |    Participants' knowledge of genetics and 
pharmacogenomics.

Question

Correct 
answer 

N (%)

Incorrect 
answer 

N (%)

Genes are made of DNA 320 (75.3) 105 (24.7)

Genes determine the risk of 
developing certain diseases

273 (64.2) 152 (35.8)

Genes affect how the body 
reacts to certain medications

223 (52.5) 202 (47.5)

A healthy person could be a 
genetic disease carrier

315 (74.1) 110 (25.9)

Healthy parents could have a 
child with a genetic disease

312 (73.4) 113 (26.6)

Pharmacogenomics can 
determine how the body 
responds to certain medications

202 (47.5) 223 (52.5)

Pharmacogenomics tests can 
suggest a suitable drug dose

171 (40.2) 272.6 (59.8)

Pharmacogenomics tests can 
identify patients at higher risk 
of side effects from medication

197 (46.4) 228 (53.6)

Pharmacogenomic test samples 
could be obtained from saliva 
(spit), a cheek swab, or blood

248 (58.4) 177 (41.6)

Pharmacogenomic tests for 
specific medications are 
typically done only once in a 
lifetime

171 (40.2) 254 (59.8)

TABLE 3    |    Participants' perceptions and attitudes toward pharmacogenomics.

Question
Strongly agree/

Agree N (%) Neutral N (%)
Strongly disagree/

Disagree N (%) Mean ± SD

I believe pharmacogenomics test results will help 
me in my health choices in the future.

363 (85.4) 52 (12.2) 10 (2.4) 2.83 ± 0.434

If I have an alarming pharmacogenetic test 
result, I will inform my family members.

348 (81.9) 53 (12.5) 24 (5.6) 2.76 ± 0.543

The pharmacogenomics test results Might reveal 
health information I would rather not know.

290 (68.2) 78 (18.4) 57 (13.4) 2.55 ± 0.719

The privacy and confidentiality of the 
pharmacogenomics test results might concern 
me.

232 (54.6) 93 (21.9) 100 (23.5) 2.31 ± 0.828

The financial costs of pharmacogenomic tests 
will concern me if I pay it myself.

216 (50.8) 74 (17.4) 135 (31.8) 2.19 ± 0.890

The pharmacogenomics test results Might lead to 
unfair treatment in insurance coverage

156 (36.7) 130 (30.6) 139 (32.7) 2.04 ± 0.833

The pharmacogenomics test results Might lead to 
people viewing me differently.

153 (36) 114 (26.8) 158 (37.2) 1.99 ± 0.856

The pharmacogenomics test results Might lead to 
unfair treatment in healthcare.

76 (17.9) 133 (31.3) 216 (50.8) 1.67 ± 0.762
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Multivariable analysis revealed significant associations 
with PGx knowledge. Females had higher odds (OR = 2.746, 
p < 0.001), as did those not working (OR = 1.867, p = 0.05), non-
trial site participants (OR = 2.930, p = 0.032), and individuals 
with a genetic disease (OR = 5.050, p = 0.004). Hospitalization 
due to medication side effects (OR = 2.692, p = 0.002) and tak-
ing more than ten medications daily (OR = 4.456, p = 0.003) 
were also associated with greater knowledge. Additionally, 
those preferring PGx testing before medical issues arise 
had significantly higher knowledge (OR = 11.4, p < 0.001) 
(Figure 4 and Table S5).

A subgroup analysis using the Mann-Whitney U test revealed 
a statistically significant difference in PGx knowledge scores 
between EmHeart trial participants and those from hospi-
tal clinics (p < 0.001), with trial participants showing higher 
knowledge levels.

The potential for multicollinearity among independent vari-
ables was evaluated using Variance Inflation Factors (VIF). 
All VIF values were below the commonly accepted thresh-
old of 5, indicating that multicollinearity is unlikely to affect 
this model.

3.12   |   Sensitivity Test Analysis

A backward elimination method with a p-value threshold of 0.1 
retained key predictors for PGx knowledge, including genetic 
history, experience with medication side effects, occupation 
type, participation site, gender, and hospitalization due to side 
effects, all of which contributed meaningfully to the model, 
which showed moderate explanatory power with a Cox & Snell 
R Square value of 0.288, indicating a stable fit.

4   |   Discussion

This study assessed PGx knowledge and perceptions among 
CVD patients in the UAE, revealing a notable knowledge 
gap, with over half of the participants unfamiliar with PGx. 
However, higher awareness was observed among females, in-
dividuals with genetic conditions, those who had experienced 
medication side effects, and patients on complex medication 
regimens, suggesting that personal health experiences and 
proactive attitudes, including a preference for pre-emptive 
PGx testing, are linked to higher awareness. The frequent oc-
currence of medication side effects, with nearly half resulting 

FIGURE 1    |    Participants' priorities for pharmacogenomics testing: A stacked bar chart illustrates the ranked priorities of 425 cardiovascular pa-
tients regarding the potential benefits of PGx testing. Participants were asked to rank four possible benefits of PGx testing: (1) proving drug safety, (2) 
proving drug effectiveness, (3) identifying cheaper alternatives, and (4) reducing the number of medications taken. The graph shows the percentage 
of participants assigning each rank (1 = highest priority, 4 = lowest) to each benefit. Data were collected using a structured survey, and descriptive 
statistics were applied. Results show that drug safety was the top priority (60.2% ranked it first), while medication reduction was the least prioritized 
(64.7% ranked it fourth).

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

If the test can prove that a drug is safe for me

If the test can prove that a drug is effective for me

If the test can prove that a cheaper alternative drug is efficient

If the test can help to reduce the number of medications I take

If the test can prove that a drug is safe

for me

If the test can prove that a drug is

effective for me

If the test can prove that a cheaper

alternative drug is efficient

If the test can help to reduce the number

of medications I take

Rank (1) 60.20% 35.50% 12.20% 24%

Rank (2) 28.50% 47.10% 17.20% 7.30%

Rank (3) 8.70% 21.40% 44.20% 25.60%

Rank (4) 2.60% 6.40% 26.40% 64.70%
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in hospitalization, underscores PGx's potential to mitigate ad-
verse drug reactions. Privacy, confidentiality, and cost were 
prominent concerns, while safety and effectiveness emerged 
as the primary motivators for testing, reflecting participants' 
strong prioritization of medication safety. These findings 
are timely, especially in the light of the recent launching the 
Emirati Genome Project with the mission “to advance pre-
ventive and personalized healthcare services for the UAE's 
present and future generations” [30]. Globally, awareness 
and adoption of PGx vary significantly, reflecting disparities 
in healthcare infrastructure, education, and cultural accep-
tance [31, 32]. In the Middle East and UAE, PGx knowledge 
has been extensively studied among healthcare providers, 
such as medical doctors, health sciences students, and phar-
macists [24, 33, 34], while patients, as primary stakeholders 
in medical innovation, remain largely unexplored. Modern 
healthcare emphasizes a patient-centred approach, with pa-
tients increasingly shifting from passive recipients to active 
decision-makers [35]. Patient engagement is crucial for imple-
menting innovations like PGx, as awareness and trust in ge-
netic information can drive adoption and enhance drug safety 
and efficacy, highlighting the need for patient-focused educa-
tion [36, 37].

The low level of PGx knowledge observed in this study reflects a 
widespread lack of awareness among patients, as reported glob-
ally. Studies such as Truong and coworkers (2019) and Pearce 
and coworkers (2024) have shown that while general awareness 
of genomics exists, understanding of PGx, particularly its role in 
drug efficacy and safety, remains limited [31]. Similarly, Edris and 
coworkers (2022) reported that only a minority in Flanders recog-
nized the relevance of PGx, with genetics perceived as having a 
moderate influence on drug response [26]. These consistent find-
ings feature the urgent need for targeted educational interventions 
to enhance patient understanding and support informed decision-
making regarding PGx and its integration into healthcare.

Factors influencing PGx knowledge included demographics, 
medical history, and testing attitudes. Women and unemployed 
individuals showed higher knowledge, likely due to greater en-
gagement with health information [38, 39]. At the same time, 
healthcare workers exhibited gaps, as proven in the literature 
[24, 33], reflecting the need for improved PGx education and 
professional training. Personal health experiences, such as 
having genetic diseases, being hospitalized due to medication 
side effects, or managing complex medication regimens, were 
associated with higher awareness of PGx, likely because such 

FIGURE 2    |    Participants' preferred timing for pharmacogenomics testing: Treemap visualizing the preferences of 425 cardiovascular patients re-
garding the timing of PGx testing. Participants selected from six options, grouped into three categories: Proactive (e.g., before illness or new prescrip-
tions), reactive (e.g., after side effects), and uncertain. Data were collected using a structured survey and analyzed descriptively. The most preferred 
timing was proactive testing before developing any medical conditions (n = 150), while the least selected was reactive testing after experiencing side 
effects (n = 36). A notable proportion (n = 73) were unsure when testing should occur.
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experiences highlight the importance of individual variability 
in drug response and motivate patients to consider more per-
sonalized approaches to treatment [40]. For instance, individu-
als who have experienced medication side effects may become 
more actively engaged in understanding the reasons behind 
their reactions and in seeking ways to prevent similar events in 
the future [41]. This curiosity and concern can lead them to ex-
plore concepts like PGx, especially in healthcare environments 
such as the UAE, where routine clinical application of PGx re-
mains limited. In such contexts, patients likely acquire knowl-
edge through self-directed efforts, including online resources, 
social media, or informal conversations with peers, rather 
than through structured education from healthcare providers 
[42]. Likewise, patients taking many medications may develop 
heightened awareness due to the complexity of managing multi-
ple therapies and the increased risk of adverse events [43]. While 
in some healthcare systems, polypharmacy prompts structured 
interventions or education from pharmacists and clinicians 
[44]. In the UAE this association may also reflect independent 
information-seeking behavior. Although our survey did not cap-
ture the specific source of PGx knowledge or whether it led to 
actual testing behavior, the patterns observed suggest these pa-
tient subgroups could serve as valuable entry points for future 
educational and clinical integration efforts.

Although part of our cohort was recruited from the EmHeart 
clinical trial, which included PGx testing and treatment adjust-
ments in some arms, subgroup analysis revealed no significant 
difference in PGx knowledge between trial and non-trial par-
ticipants. This suggests that trial participation alone, in the ab-
sence of dedicated education or counseling, may not enhance 
patient knowledge, underlining the need for structured aware-
ness interventions.

Recent studies showed a growing openness toward health 
technologies, with most participants in this study viewing PGx 
testing positively for its potential to enhance health decisions. 
This aligns with findings that familiarity with PGx benefits 
promotes acceptance and confidence in its utility [32, 45, 46]. 
However, cost remains a significant barrier to PGx adoption 
worldwide. Studies from the U.S., China, and Germany, as 
well as this study, report that many are unwilling to pay out-
of-pocket for the PGx test, emphasizing the need for insurance 
coverage or subsidies that can facilitate the implementation of 
PGx, particularly among underserved populations [40, 45, 47]. 
While the majority of our participants reported having med-
ical insurance, PGx tests are not yet routinely reimbursed by 
insurers in the UAE. Therefore, concerns about out-of-pocket 
costs remain highly relevant and were reflected in participant 
responses.

Nearly half of the participants expressed concerns over data 
privacy and confidentiality, consistent with previous studies 
in which privacy apprehensions were prevalent [45, 48]. These 
concerns point to the need for strong privacy protections and 
transparent communication regarding the legal safeguards of 
patient data.

Participants in this study prioritized PGx testing for its safety, 
effectiveness, affordability, and ability to reduce medication 
needs, aligning with other studies where patients valued its 
role in enhancing medication safety and personalization 
[45, 47] However, a Flemish study found participants fo-
cused more on PGx's potential for early prevention, with less 
emphasis on affordability, reflecting shared priorities and 
regional differences that highlight the need for tailored ap-
proaches [26].

FIGURE 3    |    Radar chart of participant attitudes toward PGx testing by cluster: radar chart displaying attitudinal profiles of 425 cardiovascular 
patients clustered into three groups based on their responses to eight perception items related to PGx testing. Clusters were derived using K-means 
analysis: Cluster 1 (n = 141), Cluster 2 (n = 171), and Cluster 3 (n = 113). Each axis represents one attitude item, measured on a 5-point Likert scale and 
recoded into three categories: (1 = disagree/strongly disagree, 2 = neutral, 3 = agree/strongly agree). The chart illustrates differing levels of concern 
across clusters. For example, Cluster 2 showed the highest concern for privacy and cost, whereas Cluster 3 displayed strong confidence in the health 
benefits of PGx.

Unfair treatment in healthcare

Unfair treatment in insurance coverage

Reveal unwanted health information

Will inform family members if test results are alarming

People will view me differently

Concerned about privacy and confidentiality of test results

Test results will help in future health choices

Financial cost is a concern if paid out-of-pocket

Cluster 1 (n = 141) Cluster 2 (n = 171) Cluster 3 (n = 113)
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Moreover, this study revealed a strong preference for preemptive 
PGx testing, supported by evidence of its feasibility and effec-
tiveness in significantly reducing adverse drug reactions across 
diverse healthcare settings [49], which implies the need to study 
and investigate the possibility of integrating preemptive PGx 
testing into routine clinical practice in the UAE.

5   |   Strengths and Limitations

This study is the first to examine PGx awareness and attitudes 
among cardiovascular patients in the Middle East, including 
EmHeart Study participants, thereby addressing a critical gap in 
the literature. Targeting cardiovascular patients, those who may 
benefit most from PGx, provides actionable insights for clin-
ical practice in the UAE. However, this study has limitations; 
its cross-sectional design limits causality, and self-reported re-
sponses may introduce bias. Recruitment from cardiac clinics 
and trial participants may exclude those without regular cardio-
vascular care, limiting broader applicability. The online format 
likely restricted participation to those with technological access, 
and only Arabic- or English-speaking individuals were included. 
Additionally, the predominance of insured participants may un-
derrepresent the views of uninsured populations, introducing 
potential bias.

Future studies should examine PGx awareness and attitudes 
among patients beyond cardiovascular care, incorporating di-
verse demographics and health profiles. Qualitative research is 
recommended to gain deeper insights into patient experiences, 
beliefs, and perceived barriers regarding PGx.

6   |   Conclusions and Recommendations

This study highlights key areas for improving the integration of 
PGx testing in cardiovascular care in the UAE. Findings indi-
cate a substantial knowledge gap among cardiovascular patients 
regarding PGx, emphasizing the need for tailored education to 
enhance understanding of PGx. Additionally, concerns around 
privacy and the costs associated with PGx testing emerged as 
significant barriers, suggesting that successful implementation 
will require addressing these patient priorities and concerns to 
foster broader acceptance and trust.

Healthcare institutions should prioritize clear, accessible com-
munication on PGx's purpose, benefits, and safety to boost 
patient readiness. Policy improvements are also essential; es-
tablishing robust privacy protections and exploring insurance 
coverage or subsidies for PGx testing can mitigate financial and 
confidentiality concerns.

FIGURE 4    |    Factors Associated with Pharmacogenomic Knowledge: Forest plot showing odds ratios and 95% confidence intervals from a multi-
variable logistic regression model assessing factors associated with higher PGx knowledge among 425 cardiovascular patients. The horizontal axis 
represents odds ratios on a logarithmic scale (OR = 1 indicates no effect). Variables examined included demographic (e.g., gender, age, education), 
health-related (e.g., side effects, hospitalization), and behavioral factors (e.g., preference for preemptive testing). Statistically significant predictors 
included being female (OR = 2.74), having a genetic disease (OR = 5.05), prior hospitalization due to side effects (OR = 2.69), and willingness to under-
go PGx testing before illness onset (OR = 11.4).
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