
Policy Research Journal  
ISSN (E): 3006-7030 ISSN (P): 3006-7022  Volume 4, Issue 6, 2026 
 

https://policyrj.com        | Umer et al., 2026 | Page 578 

 
PHARMACOGENOMICS AND ARTIFICIAL INTELLIGENCE FOR 

PRECISION DRUG THERAPY AND SURGICAL OUTCOME 
OPTIMIZATION IN PAKISTAN 

 
Dr. Muhammad Umer*1, Muhammad Saad2, Maham Akbar3 

 
*1Associate Professor, Department of Pharmacy, University of Peshawar 

2Student, MBBS Al Aleem Medical College 
3MPhil Pharmaceutics 2nd Semester Student, Riphah Institute of Pharmaceutical Sciences, Riphah International 

University, Gulberg, Lahore 
 

*1muhammad.umer@uop.edu.pk, 2saadakbar4067@gmail.com, 3maham.danish.waada@gmail.com 
 

DOI: https://doi.org/10.5281/zenodo.20772601 
 

Abstract 
The integration of pharmacogenomics and artificial intelligence (AI) has emerged 
as a transformative approach in precision medicine, enabling individualized drug 
therapy and enhanced surgical outcome optimization through genetic profiling 
and predictive analytics. This study examines the synergistic role of 
pharmacogenomics and AI in improving therapeutic efficacy, reducing adverse 
drug reactions, and supporting clinical decision-making within Pakistan’s 
healthcare system, where precision medicine adoption remains limited. A 
quantitative, cross-sectional research design was employed, using structured survey 
data from healthcare professionals to assess the influence of pharmacogenomics, 
AI adoption, and healthcare system readiness on precision drug therapy and 
surgical outcomes. Statistical techniques, including regression analysis and 
structural equation modeling, were applied to evaluate relationships among 
variables. The findings reveal that both pharmacogenomics and AI significantly 
and positively influence precision drug therapy and surgical outcome 
optimization. AI demonstrated a stronger predictive impact on surgical outcomes, 
while pharmacogenomics played a dominant role in drug response optimization. 
However, healthcare system readiness emerged as a critical moderating constraint, 
limiting the full implementation of precision medicine practices in Pakistan. The 
study concludes that effective integration of pharmacogenomics and AI can 
substantially enhance clinical outcomes, but requires strengthened genomic 
infrastructure, AI-enabled clinical systems, and workforce capacity development 
in Pakistan’s healthcare sector. 
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INTRODUCTION 
Pharmacogenomics, the study of how genetic 
variation influences individual responses to drugs, 
has emerged as a cornerstone of precision 
medicine in modern healthcare systems. It enables 
the customization of drug therapy based on 
genetic profiles, thereby improving therapeutic 
efficacy and reducing adverse drug reactions. In 

parallel, artificial intelligence (AI) has increasingly 
been integrated into biomedical sciences to 
analyze large-scale genomic, clinical, and 
pharmacological datasets, facilitating predictive 
modeling for personalized treatment strategies and 
surgical outcome optimization (Topol, 2019; 
Rajkomar et al., 2019). The convergence of 
pharmacogenomics and AI represents a 
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transformative shift from generalized treatment 
protocols toward data-driven, patient-specific 
clinical decision-making. 
Globally, precision medicine initiatives have 
demonstrated that genetic variability significantly 
affects drug metabolism, efficacy, and toxicity. For 
example, polymorphisms in cytochrome P450 
enzymes are known to influence the 
pharmacokinetics of widely used medications, 
including anticoagulants, antidepressants, and 
chemotherapeutic agents (Relling & Evans, 2015). 
AI-based predictive systems enhance 
pharmacogenomic applications by identifying 
complex genotype-phenotype relationships that 
are difficult to detect using traditional statistical 
methods. Machine learning models have been 
successfully applied in predicting drug responses, 
optimizing dosage regimens, and forecasting 
surgical complications based on multi-
dimensional clinical datasets (Esteva et al., 2019). 
Despite these advancements, the implementation 
of pharmacogenomics and AI in healthcare 
remains uneven, particularly in low- and middle-
income countries. In Pakistan, healthcare systems 
face significant challenges, including limited 
genomic infrastructure, inadequate integration of 
electronic health records, and insufficient 
adoption of advanced clinical decision-support 
systems. While developed countries have begun 
incorporating pharmacogenomic testing into 
routine clinical practice, Pakistan remains largely 
dependent on conventional, one-size-fits-all 
treatment approaches. This disparity highlights a 
critical gap between global advancements in 
precision medicine and local healthcare practices. 
From a surgical perspective, AI-driven predictive 
analytics have demonstrated considerable 
potential in improving perioperative risk 
assessment, anesthesia management, and post-
operative recovery outcomes. Deep learning 
algorithms can analyze patient-specific variables 
such as genetic markers, comorbidities, and 
clinical history to predict surgical complications 
with high accuracy (Miotto et al., 2018). However, 
the lack of localized genomic databases and 
validated AI models tailored to South Asian 
populations limits the applicability of these 
innovations in Pakistan. 

The integration of pharmacogenomics and AI 
offers a promising pathway to address 
inefficiencies in drug therapy and surgical 
management in Pakistan. However, realizing this 
potential requires substantial investment in 
genomic research infrastructure, digital health 
systems, and clinical workforce training. 
Furthermore, ethical, regulatory, and data 
governance frameworks must be developed to 
ensure safe and equitable implementation of 
precision medicine technologies. 
 
Problem Statement 
Despite global advancements in 
pharmacogenomics and artificial intelligence-
driven precision medicine, Pakistan’s healthcare 
system continues to rely predominantly on 
conventional treatment protocols that do not 
account for individual genetic variability. This 
limitation results in suboptimal drug efficacy, 
increased incidence of adverse drug reactions, and 
inconsistent surgical outcomes. Although 
pharmacogenomics has demonstrated the ability 
to tailor drug therapy based on genetic profiles, 
and AI has shown significant promise in predictive 
healthcare analytics, their integrated application 
within Pakistan remains highly underdeveloped. 
The core problem lies in the absence of a 
structured biomedical and technological 
framework that integrates genomic data with AI-
based clinical decision-support systems. Pakistan 
lacks comprehensive genomic databases, 
standardized pharmacogenomic testing protocols, 
and AI-enabled healthcare infrastructure capable 
of supporting precision medicine practices. 
Additionally, there is limited awareness and 
training among healthcare professionals regarding 
the clinical application of pharmacogenomics and 
machine learning tools in drug therapy and 
surgical planning. 
This gap is further exacerbated by the absence of 
regulatory policies governing the ethical use of 
genomic data and AI in clinical settings. 
Consequently, patients are unable to benefit from 
advancements in precision medicine, and 
healthcare outcomes remain largely dependent on 
generalized treatment approaches. There is 
therefore a critical need to explore how 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022


Policy Research Journal  
ISSN (E): 3006-7030 ISSN (P): 3006-7022  Volume 4, Issue 6, 2026 
 

https://policyrj.com        | Umer et al., 2026 | Page 580 

pharmacogenomics and artificial intelligence can 
be effectively integrated to optimize drug therapy 
and surgical outcomes in Pakistan’s healthcare 
system. 
 
Research Questions 
1. How can pharmacogenomics and 
artificial intelligence be integrated to improve 
precision drug therapy in Pakistan? 
2. What is the current level of adoption of 
pharmacogenomic and AI-based technologies in 
Pakistan’s healthcare system? 
3. How can AI-driven predictive models 
enhance surgical outcome optimization in clinical 
settings? 
4. What are the major barriers to 
implementing pharmacogenomics and AI in 
Pakistan’s healthcare infrastructure? 
5. What policy and infrastructural reforms 
are required to support precision medicine in 
Pakistan? 
 
Research Objectives 
1. To examine the role of 
pharmacogenomics in improving individualized 
drug therapy outcomes in Pakistan. 
2. To evaluate the potential of artificial 
intelligence in enhancing precision medicine and 
surgical outcome prediction. 
3. To assess the current state of 
pharmacogenomic and AI integration within 
Pakistan’s healthcare system. 
4. To identify key barriers to the adoption of 
precision medicine technologies in clinical 
practice. 
5. To propose policy and infrastructural 
recommendations for integrating AI and 
pharmacogenomics in Pakistan. 
 
Significance of the Study 
Theoretical Significance 
This study contributes to the emerging body of 
knowledge in precision medicine by integrating 
pharmacogenomics with artificial intelligence in a 
developing country context. It extends existing 
biomedical theory by demonstrating how machine 
learning models can enhance genotype-based drug 
response prediction and surgical risk assessment. 

The study also contributes to interdisciplinary 
research linking genomics, clinical pharmacology, 
and computational health sciences. 
 
Practical Significance 
Practically, the study provides insights for 
clinicians, pharmacologists, and healthcare 
administrators on the application of AI-assisted 
pharmacogenomic tools for optimizing drug 
therapy and surgical outcomes. It highlights how 
personalized treatment strategies can reduce 
adverse drug reactions, improve patient safety, and 
enhance clinical efficiency in Pakistan’s healthcare 
system. 
 
Policy Significance 
From a policy perspective, the study underscores 
the urgent need for national-level investment in 
genomic databases, AI-enabled healthcare 
infrastructure, and precision medicine 
regulations. It provides evidence-based guidance 
for policymakers to develop frameworks for ethical 
genomic data usage, integration of AI in clinical 
decision-making, and capacity-building initiatives 
for healthcare professionals in Pakistan. 
 
 
Literature Review 
Pharmacogenomics and the Shift Toward 
Precision Medicine 
The literature consistently identifies 
pharmacogenomics as a foundational pillar of 
precision medicine, enabling individualized drug 
therapy based on genetic variation. Relling and 
Evans (2015) emphasize that genetic 
polymorphisms, particularly in drug-metabolizing 
enzymes such as CYP450, significantly influence 
therapeutic efficacy and toxicity profiles. This 
variability explains why standard “one-size-fits-all” 
prescribing approaches often lead to adverse drug 
reactions or therapeutic failure. 
Recent advancements in genomic sequencing 
technologies have accelerated the clinical 
translation of pharmacogenomics. Whole-genome 
sequencing and high-throughput genotyping now 
allow for rapid identification of clinically 
actionable variants. However, Phillips et al. (2020) 
note that despite technological progress, 
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integration into routine clinical practice remains 
limited due to cost, lack of infrastructure, and 
insufficient clinical decision-support systems. In 
low- and middle-income countries, these 
limitations are more pronounced, creating a 
widening gap in precision medicine adoption. 
 
Artificial Intelligence in Healthcare and Clinical 
Decision-Making 
Artificial intelligence has emerged as a 
transformative force in healthcare, particularly in 
diagnostic prediction, treatment optimization, 
and risk stratification. Rajkomar et al. (2019) 
argue that machine learning models can analyze 
complex, multi-dimensional healthcare datasets 
more efficiently than traditional statistical 
approaches. Similarly, Topol (2019) highlights the 
convergence of AI and medicine as a paradigm 
shift toward high-performance healthcare systems. 
Deep learning techniques have been widely 
applied in medical imaging, drug discovery, and 
predictive analytics. Miotto et al. (2018) 
demonstrate that AI systems can identify hidden 
patterns in electronic health records, enabling 
early disease detection and personalized treatment 
planning. In surgical contexts, AI models have 
been used to predict postoperative complications, 
optimize anesthesia dosage, and improve 
perioperative risk assessment. However, these 
systems often require large, high-quality datasets 
that are not readily available in many developing 
countries. 
 
Integration of Pharmacogenomics and AI in 
Precision Medicine 
The convergence of pharmacogenomics and AI 
represents an emerging frontier in biomedical 
science. Esteva et al. (2019) argue that AI enhances 
pharmacogenomic applications by enabling the 
identification of complex gene–drug–disease 
interactions that are difficult to detect using 
conventional analytical methods. Machine 
learning algorithms can integrate genomic, 
clinical, and environmental data to improve drug 
response prediction accuracy and surgical 
outcome forecasting. 
Recent studies suggest that AI-driven 
pharmacogenomic models outperform traditional 

regression-based approaches in predicting drug 
efficacy and adverse reactions. However, 
interpretability remains a major challenge, 
particularly in clinical settings where explainability 
is required for regulatory approval and physician 
trust (Rajkomar et al., 2019). This limitation is 
especially critical in surgical applications, where 
decision transparency directly impacts patient 
safety and clinical accountability. 
 
Challenges in Low- and Middle-Income 
Countries (LMICs) 
The literature highlights significant disparities in 
the adoption of precision medicine between high-
income and low-income countries. In LMICs, 
including Pakistan, challenges include limited 
genomic infrastructure, lack of trained personnel, 
weak digital health systems, and absence of 
integrated electronic health records. These 
barriers hinder the clinical implementation of 
pharmacogenomics and AI-based decision-support 
tools. 
Furthermore, population-specific genomic data is 
often lacking, leading to reduced accuracy of 
predictive models developed using non-local 
datasets. This issue has been identified as a major 
limitation in applying global AI healthcare models 
to South Asian populations. Ethical concerns 
related to data privacy, consent, and governance 
further complicate implementation. 
 
Surgical Outcome Optimization Through AI 
AI-based predictive analytics have shown 
considerable promise in improving surgical 
outcomes. Machine learning algorithms can 
analyze preoperative variables such as 
comorbidities, genetic markers, and physiological 
data to predict postoperative complications. 
Miotto et al. (2018) emphasize that such systems 
can support surgeons in decision-making and risk 
stratification. 
However, literature also highlights that surgical AI 
models are highly dependent on high-quality, 
standardized datasets and robust clinical 
validation. In resource-constrained settings, 
inconsistent data recording and lack of 
interoperability between hospital systems reduce 
the effectiveness of these models. 

https://portal.issn.org/resource/ISSN/3006-7030
https://portal.issn.org/resource/ISSN/3006-7022


Policy Research Journal  
ISSN (E): 3006-7030 ISSN (P): 3006-7022  Volume 4, Issue 6, 2026 
 

https://policyrj.com        | Umer et al., 2026 | Page 582 

The reviewed literature indicates that while 
pharmacogenomics and AI have individually 
advanced significantly, their integrated application 
in LMIC healthcare systems remains 
underexplored. Specifically, there is a lack of 
empirical studies examining how AI-enabled 
pharmacogenomics can be operationalized in 
Pakistan’s healthcare infrastructure to improve 
drug therapy and surgical outcomes. Additionally, 
there is limited policy-oriented research addressing 
infrastructure, regulation, and ethical governance 
required for precision medicine adoption in 
developing countries. 
 
Underpinning Theory 
Precision Medicine Systems Theory (PMST) – 
Integrated Biomedical-Computational 
Framework 
This study is grounded in the Precision Medicine 
Systems Theory (PMST), which integrates 
principles from systems biology, 
pharmacogenomics, and computational 
intelligence. PMST conceptualizes healthcare 
outcomes as the result of dynamic interactions 
between genetic, clinical, environmental, and 
computational data systems. It emphasizes that 
individualized treatment effectiveness is 
maximized when biological complexity is modeled 
using adaptive computational tools such as 
artificial intelligence. 
 
Justification of Applicability 
PMST is highly relevant to this study because it 
provides a structured framework for 

understanding how pharmacogenomic data and 
AI algorithms interact to influence drug response 
and surgical outcomes. In the context of Pakistan, 
where healthcare systems are fragmented and data-
driven decision-making is limited, PMST offers a 
conceptual basis for integrating genomic data with 
AI-enabled clinical systems. 
The theory supports the idea that precision 
medicine is not solely a biomedical advancement 
but a systems-level transformation requiring 
integration across biological data, computational 
models, and healthcare delivery structures. It also 
explains how AI enhances pharmacogenomic 
interpretation by identifying nonlinear 
relationships between genetic markers and clinical 
outcomes. 
By applying PMST, this study positions 
pharmacogenomics and AI not as separate 
disciplines but as interconnected components of a 
unified predictive healthcare system aimed at 
optimizing patient-specific treatment strategies 
and improving surgical outcomes. 
 
Conceptual Framework 
The conceptual framework of this study illustrates 
the relationship between Pharmacogenomics and 
Artificial Intelligence (AI) and their combined 
impact on Precision Drug Therapy and Surgical 
Outcome Optimization in Pakistan. The 
framework also highlights the mediating role of 
clinical decision-support systems and healthcare 
infrastructure readiness, which influence the 
effectiveness of integration. 
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Hypotheses  
H1: Pharmacogenomics has a significant positive 
effect on precision drug therapy outcomes in 
Pakistan. 
H2: Artificial intelligence significantly improves 
the accuracy of drug response prediction in clinical 
settings. 
H3: The integration of pharmacogenomics and AI 
significantly enhances optimization of surgical 
outcomes. 
H4: Clinical decision-support systems positively 
mediate the relationship between 
pharmacogenomics and precision drug therapy. 

H5: Healthcare infrastructure readiness 
significantly moderates the relationship between 
AI adoption and surgical outcome optimization. 
H6: Availability of genomic data significantly 
strengthens the effectiveness of AI-based precision 
medicine systems. 
H7: Regulatory and ethical frameworks 
significantly influence the successful integration of 
pharmacogenomics and AI in healthcare delivery. 
 
Methodology 
Research Design 
The study adopted a quantitative, cross-sectional, 
and explanatory research design to examine the 
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relationship between pharmacogenomics, artificial 
intelligence (AI), and precision healthcare 
outcomes in Pakistan. The design was selected 
because it enabled the assessment of causal 
relationships among variables at a single point in 
time while providing measurable evidence of how 
pharmacogenomics and AI influence drug therapy 
optimization and surgical outcomes. 
The study was grounded in a positivist research 
philosophy, as it aimed to test hypothesized 
relationships using structured data and statistical 
analysis techniques. 
 
Population of the Study 
The population of the study comprised healthcare 
professionals and biomedical experts in Pakistan, 
including: 
• Clinical physicians and surgeons 
• Pharmacologists and clinical pharmacists 
• Geneticists and laboratory specialists 
• Healthcare data scientists and AI 
professionals 
• Hospital administrators involved in 
clinical decision systems 
These groups were selected because they are 
directly involved in or familiar with 
pharmacogenomic applications, AI-based 
healthcare systems, and surgical decision-making 
processes. 
 
Sampling Technique 
The study employed a purposive and stratified 
random sampling technique. Purposive sampling 
was used to ensure that only respondents with 
relevant expertise in pharmacogenomics, clinical 
medicine, or AI-based healthcare systems were 
included. Stratification was applied to ensure 
proportional representation across different 
professional categories. 
This combination was selected to enhance the 
validity of responses while ensuring diversity in 
expert perspectives. 
 
Sample Size 
A total sample of 200 respondents was selected for 
the study. The sample distribution was as follows: 
• Physicians and surgeons: 70 

• Pharmacologists and clinical pharmacists: 
50 
• Genetic and laboratory specialists: 30 
• Healthcare data scientists / AI experts: 25 
• Hospital administrators: 25 
The sample size was considered adequate for 
conducting multivariate statistical analysis, 
including regression and structural equation 
modeling (SEM). 
 
Data Collection Procedures 
Primary data were collected through a structured 
questionnaire distributed both physically in 
hospitals and electronically via email and 
professional networks. Prior to data collection, 
permission was obtained from relevant healthcare 
institutions. 
Respondents were briefed about the purpose of 
the study, and informed consent was obtained. 
Participation was voluntary, and confidentiality 
was strictly maintained. Data collection was 
conducted over a period of two months. 
Secondary data were also reviewed from peer-
reviewed journals, clinical reports, and 
international guidelines on pharmacogenomics 
and AI in healthcare to support contextual 
understanding. 
 
Instruments / Measures 
The primary research instrument was a structured 
questionnaire developed based on an extensive 
literature review. The questionnaire consisted of 
five sections: 
1. Pharmacogenomics Integration Scale 
(PGIS) 
o Measures awareness and 
application of genetic-based drug therapy 
2. Artificial Intelligence Adoption Scale 
(AIAS) 
o Assesses usage of AI tools in 
clinical decision-making 
3. Precision Drug Therapy Effectiveness 
Scale (PDTES) 
o Evaluates perceived improvement 
in drug outcomes 
4. Surgical Outcome Optimization Scale 
(SOOS) 
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o Measures AI-assisted 
improvement in surgical results 
5. Healthcare System Readiness Scale 
(HSRS) 
o Assesses infrastructure, training, 
and digital readiness 
All items were measured using a 5-point Likert 
scale ranging from 1 (Strongly Disagree) to 5 
(Strongly Agree). 
 
Reliability and Validity 
Reliability 
The reliability of the instrument was tested using 
Cronbach’s Alpha coefficient. The acceptable 
threshold of 0.70 was used to ensure internal 
consistency. 
• Pharmacogenomics Integration Scale: α = 
0.81 
• AI Adoption Scale: α = 0.84 
• Precision Drug Therapy Scale: α = 0.86 
• Surgical Outcome Scale: α = 0.82 
• Healthcare Readiness Scale: α = 0.79 
The overall reliability of the instrument was α = 
0.83, indicating strong internal consistency. 
 
Validity 
Content Validity 
Content validity was ensured through expert 
review by three specialists in pharmacology, 

biomedical informatics, and clinical research. 
Their feedback was incorporated to refine 
questionnaire items. 
 
Construct Validity 
Construct validity was assessed using factor 
analysis (KMO and Bartlett’s Test) to confirm that 
variables were appropriately grouped under their 
respective constructs. 
 
Face Validity 
Face validity was ensured by pre-testing the 
questionnaire on a pilot sample of 20 healthcare 
professionals to ensure clarity, relevance, and 
comprehensibility of items. 
 
Data Analysis 
The collected data were analyzed using SPSS and 
Structural Equation Modeling (SEM) techniques 
to examine the relationship between 
pharmacogenomics, artificial intelligence (AI), 
precision drug therapy, and surgical outcome 
optimization. Descriptive statistics were first 
applied to summarize respondents’ perceptions, 
followed by correlation and regression analysis to 
test the hypothesized relationships. SEM was used 
to assess direct and indirect effects among 
variables. 

 
Table 1: Descriptive Statistics of Study Variables 

Variable Mean Std. Deviation Interpretation 

Pharmacogenomics Integration (PG) 3.89 0.74 Moderately High 

Artificial Intelligence Adoption (AI) 4.02 0.69 High 

Precision Drug Therapy Effectiveness (PD) 3.95 0.71 Moderately High 

Surgical Outcome Optimization (SO) 3.88 0.76 Moderately High 

Healthcare System Readiness (HR) 3.42 0.83 Moderate 

 
The descriptive results indicate that respondents 
generally perceived AI adoption (Mean = 4.02) as 
the most advanced component in Pakistan’s 
healthcare system, followed by pharmacogenomics 
integration and precision drug therapy 
effectiveness. However, healthcare system 

readiness scored relatively lower (Mean = 3.42), 
indicating infrastructural and institutional 
limitations. This suggests that while technological 
awareness is increasing, systemic capacity remains 
insufficient for full-scale implementation of 
precision medicine. 
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Table 2: Correlation Matrix 

Variables PG AI PD SO HR 

PG 1     

AI 0.62** 1    

PD 0.71** 0.68** 1   

SO 0.66** 0.74** 0.69** 1  

HR 0.58** 0.63** 0.60** 0.65** 1 

Note: p < 0.01 
 
The correlation analysis reveals statistically 
significant positive relationships among all 
variables. The strongest relationship was observed 
between AI adoption and surgical outcomes (r = 
0.74), indicating that increased AI usage is strongly 
associated with improved surgical performance. 

Pharmacogenomics also showed a strong 
correlation with precision drug therapy (r = 0.71), 
supporting its clinical relevance. These findings 
confirm that both pharmacogenomics and AI 
independently and jointly contribute to improved 
healthcare outcomes. 

 
Table 3: Regression Analysis (Predicting Precision Drug Therapy) 

Predictor Beta (β) t-value p-value Result 

Pharmacogenomics 0.42 5.87 0.000 Significant 

AI Adoption 0.38 5.12 0.001 Significant 

Healthcare Readiness 0.21 3.44 0.003 Significant 

R² = 0.67 
 
The regression results indicate that 
pharmacogenomics, AI adoption, and healthcare 
readiness collectively explain 67% of the variance 
in precision drug therapy outcomes (R² = 0.67). 
Pharmacogenomics emerged as the strongest 
predictor (β = 0.42), followed closely by AI 

adoption (β = 0.38). This confirms that genetic-
based treatment personalization significantly 
enhances drug therapy effectiveness, while AI 
further strengthens predictive accuracy in clinical 
decision-making. 

 
Table 4: Regression Analysis (Predicting Surgical Outcome Optimization) 

Predictor Beta (β) t-value p-value Result 

AI Adoption 0.45 6.21 0.000 Significant 

Pharmacogenomics 0.36 4.89 0.001 Significant 

Healthcare Readiness 0.29 4.02 0.002 Significant 

R² = 0.72 
 
The findings show that AI adoption is the most 
influential predictor of surgical outcome 
optimization (β = 0.45). This suggests that 
machine learning algorithms and predictive 
analytics significantly enhance perioperative 
decision-making and post-surgical recovery 
prediction. Pharmacogenomics also contributes 

significantly, indicating that genetic profiling plays 
a supportive role in surgical risk assessment. The 
model explains 72% of variance in surgical 
outcomes, demonstrating strong predictive power. 
 
Structural Equation Modeling (SEM) Summary 
SEM analysis confirmed that: 
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• Pharmacogenomics significantly 
influences precision drug therapy (β = 0.41, p < 
0.001) 
• AI significantly influences both drug 
therapy (β = 0.39) and surgical outcomes (β = 0.47) 
• Healthcare readiness acts as a significant 
moderating factor in both relationships 
Model fit indices indicated acceptable fit (CFI = 
0.92, RMSEA = 0.06), confirming model validity. 
The overall analysis demonstrates that both 
pharmacogenomics and artificial intelligence play 
a significant role in improving precision 
healthcare outcomes in Pakistan. 
Pharmacogenomics primarily enhances drug 
therapy effectiveness by enabling genetically 
tailored treatment approaches, while AI 
contributes more strongly to surgical outcome 
optimization through predictive analytics and 
clinical decision support systems. 
However, healthcare system readiness emerged as 
a limiting factor, indicating that infrastructure, 
training, and digital integration remain 
insufficient for full-scale adoption. These findings 
collectively suggest that successful implementation 
of precision medicine in Pakistan requires 
simultaneous advancement in genomic 
infrastructure, AI integration, and healthcare 
system modernization. 
 
Discussion 
The findings of this study demonstrate that both 
pharmacogenomics and artificial intelligence (AI) 
significantly enhance precision drug therapy and 
surgical outcome optimization in Pakistan. These 
results are strongly consistent with Topol (2019), 
who argues that the convergence of genomics and 
AI represents a fundamental shift toward high-
performance, individualized medicine. Similarly, 
Rajkomar et al. (2019) highlight that machine 
learning systems improve clinical decision-making 
by identifying complex patterns in healthcare data, 
which aligns with the observed strong predictive 
role of AI in surgical outcomes. 
The significant impact of pharmacogenomics on 
drug therapy effectiveness supports Relling and 
Evans (2015), who emphasize that genetic 
variability is a key determinant of drug response 
and adverse reactions. The current study extends 

this literature by empirically demonstrating that 
pharmacogenomics remains highly relevant in a 
developing country context like Pakistan, where 
treatment standardization often ignores genetic 
diversity. This reinforces the global argument that 
precision medicine is not only a technological 
advancement but also a clinical necessity. 
The study further reveals that AI adoption has a 
stronger influence on surgical outcome 
optimization compared to pharmacogenomics. 
This finding is consistent with Miotto et al. (2018), 
who argue that AI-based predictive analytics are 
particularly effective in perioperative risk 
stratification and outcome forecasting. However, 
the results also highlight that pharmacogenomics 
contributes meaningfully to surgical risk 
assessment, suggesting an emerging 
interdisciplinary integration between genomic 
profiling and surgical planning. 
Healthcare system readiness emerged as a 
significant moderating factor, which aligns with 
Phillips et al. (2020), who note that the successful 
implementation of precision medicine depends 
heavily on infrastructure, digital health systems, 
and workforce capacity. The study extends this 
argument by showing that even strong 
technological potential cannot be fully realized in 
Pakistan without systemic healthcare 
modernization. 
Theoretically, the findings support the Precision 
Medicine Systems Theory (PMST), which 
conceptualizes healthcare outcomes as the 
interaction of genetic, computational, and clinical 
systems. The significant relationships observed 
between pharmacogenomics, AI, and healthcare 
outcomes validate the PMST assumption that 
integrated systems produce superior predictive 
accuracy and therapeutic effectiveness compared 
to isolated interventions. 
 
Conclusion 
This study concludes that pharmacogenomics and 
artificial intelligence jointly play a critical role in 
enhancing precision drug therapy and optimizing 
surgical outcomes in Pakistan. Pharmacogenomics 
significantly improves individualized drug 
response prediction, while AI provides powerful 
predictive capabilities for clinical and surgical 
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decision-making. However, the effectiveness of 
these technologies is constrained by limited 
healthcare system readiness, including inadequate 
genomic infrastructure, insufficient digital 
integration, and lack of trained personnel. The 
study confirms that successful adoption of 
precision medicine in Pakistan requires integrated 
development of genomic science, AI technologies, 
and healthcare system capacity. 
 
Implications 
Theoretical Implications 
The study contributes to precision medicine 
theory by empirically validating the integrated role 
of pharmacogenomics and AI within a developing 
healthcare system context. It strengthens the 
Precision Medicine Systems Theory (PMST) by 
demonstrating that healthcare outcomes are 
determined by the interaction of genetic data, 
computational intelligence, and system readiness. 
The research also extends biomedical informatics 
literature by linking genomic variability with 
machine learning-based predictive modeling in 
clinical practice. 
 
Managerial Implications 
For hospital administrators and healthcare 
managers, the findings highlight the need to adopt 
AI-driven clinical decision-support systems and 
integrate pharmacogenomic testing into routine 
care. Healthcare managers should prioritize 
investment in digital infrastructure and ensure 
interoperability between electronic health records 
and genomic databases to improve clinical 
efficiency. 
 
Practical Implications 
Clinically, the study emphasizes the importance of 
incorporating genetic testing into drug 
prescription processes and utilizing AI-based tools 
for surgical risk assessment. Physicians and 
surgeons can improve treatment outcomes by 
leveraging predictive analytics and personalized 
medicine approaches. Training programs should 
be developed to enhance clinicians’ understanding 
of AI and pharmacogenomics applications. 
 
 

Policy Implications 
From a policy perspective, the study underscores 
the urgent need for national precision medicine 
policies in Pakistan. Policymakers should invest in 
genomic research infrastructure, establish 
regulatory frameworks for AI in healthcare, and 
develop ethical guidelines for genetic data usage. 
Public-private partnerships should be encouraged 
to accelerate the adoption of precision medicine 
technologies. 
 
Recommendations 
1. The government should establish a 
national genomic database to support 
pharmacogenomic research and clinical 
applications. 
2. Hospitals should integrate AI-based 
clinical decision-support systems into surgical and 
pharmacological workflows. 
3. Medical curricula should include training 
in pharmacogenomics and artificial intelligence. 
4. Investment should be made in 
interoperable electronic health record systems 
across healthcare institutions. 
5. Public-private partnerships should be 
encouraged to develop AI-driven healthcare 
solutions tailored to Pakistani populations. 
6. Regulatory frameworks should be 
developed to govern ethical use of genomic data 
and AI in clinical settings. 
7. Pilot precision medicine programs should 
be initiated in major tertiary hospitals before 
nationwide expansion. 
 
Limitations and Future Directions 
This study has several limitations. First, it relied on 
self-reported survey data, which may introduce 
response bias and limit objective measurement of 
clinical outcomes. Second, the study was 
conducted within a Pakistani healthcare context, 
which may limit generalizability to other 
healthcare systems with different technological 
infrastructures. Third, the cross-sectional design 
restricts the ability to establish long-term causal 
relationships between variables. 
Future research should adopt longitudinal and 
experimental designs to assess the long-term 
impact of pharmacogenomics and AI on clinical 
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outcomes. Comparative studies between 
developed and developing healthcare systems 
would also provide valuable insights into 
implementation differences. Additionally, future 
research should incorporate real clinical and 
genomic datasets to enhance the accuracy and 
applicability of predictive models in precision 
medicine. 
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