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Abstract: 
Precision medicine has emerged as a transformative approach in modern healthcare by 

tailoring medical treatments to individual patient characteristics, including genetic, 

environmental, and lifestyle factors. Unlike traditional healthcare models that apply 

standardized treatments to broad patient populations, precision medicine seeks to optimize 

therapeutic outcomes by considering biological differences among individuals. Advances in 

genomics, bioinformatics, molecular diagnostics, and artificial intelligence have accelerated 

the implementation of precision medicine across various medical fields, including oncology, 

cardiology, neurology, and rare disease management. One of the primary objectives of 

precision medicine is to improve treatment effectiveness by delivering targeted therapies that 

are more likely to produce favorable outcomes while minimizing adverse effects. However, 

the effectiveness of precision medicine may vary among patients due to differences in genetic 

variability. Genetic variability refers to the natural differences in genetic makeup among 

individuals, including gene mutations, polymorphisms, and genomic variations that influence 

biological responses to medical interventions. Genetic variability may affect drug metabolism, 

therapeutic responsiveness, disease susceptibility, and treatment outcomes. Therefore, this 

study investigates the relationship between precision medicine and treatment effectiveness 

while examining the moderating role of genetic variability. Drawing upon Pharmacogenomics 

Theory and Personalized Medicine Theory, the study proposes that precision medicine 

positively influences treatment effectiveness and that genetic variability significantly 

moderates this relationship. A quantitative research design was employed using survey data 

collected from healthcare professionals, clinical researchers, and patients receiving precision 

medicine based interventions. Data were analyzed using Partial Least Squares Structural 

Equation Modeling (PLS SEM) through SmartPLS software. The findings reveal that precision 

medicine significantly improves treatment effectiveness. Furthermore, genetic variability 

significantly moderates the relationship between precision medicine and treatment 

effectiveness. The study contributes to precision healthcare, genomics, and personalized 

medicine literature by identifying the importance of genetic factors in determining therapeutic 

outcomes. Practical implications are provided for healthcare providers, researchers, and 

policymakers seeking to enhance the effectiveness of personalized treatment strategies. 
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Introduction 

The healthcare industry is experiencing a paradigm shift from generalized treatment approaches 
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toward individualized and patient centered care. Advances in genomic science, molecular 

biology, bioinformatics, and digital health technologies have enabled healthcare professionals to 

develop treatments that are tailored to the unique characteristics of individual patients. This 

evolving approach, known as precision medicine, has become one of the most significant 

innovations in modern healthcare. 

Precision medicine refers to a medical model that customizes disease prevention, diagnosis, and 

treatment based on individual differences in genetics, environment, and lifestyle. Rather than 

applying a uniform treatment strategy to all patients with the same condition, precision medicine 

recognizes that individuals may respond differently to medical interventions due to biological 

diversity. 

The growing importance of precision medicine is driven by the increasing availability of 

genomic information and advanced diagnostic technologies. Healthcare providers can now 

identify genetic markers associated with disease susceptibility, drug response, and treatment 

outcomes. These insights allow clinicians to select therapies that are more likely to be effective 

for specific patients. 

One of the most important outcomes associated with precision medicine is treatment 

effectiveness. Treatment effectiveness refers to the extent to which a medical intervention 

achieves its intended clinical objectives, including symptom reduction, disease control, improved 

quality of life, and patient survival. Effective treatments contribute to better healthcare outcomes 

and reduce the burden of disease on individuals and healthcare systems. 

Precision medicine is expected to improve treatment effectiveness by ensuring that patients 

receive therapies aligned with their biological characteristics. For example, targeted cancer 

therapies are often designed to interact with specific genetic mutations, increasing therapeutic 

success while reducing unnecessary side effects. Similarly, pharmacogenomic testing can help 

determine how individuals metabolize medications, enabling more accurate drug selection and 

dosing. 

Despite these advantages, treatment outcomes may vary considerably among patients. One of the 

primary reasons for this variation is genetic variability. Genetic variability refers to differences in 

DNA sequences among individuals, including gene polymorphisms, mutations, and 

chromosomal variations. These genetic differences influence biological processes and can affect 

responses to medical treatments. 

Genetic variability plays a crucial role in determining how patients respond to medications and 

therapeutic interventions. Certain genetic profiles may enhance treatment effectiveness, while 

others may reduce responsiveness or increase the risk of adverse reactions. Consequently, 

genetic variability may influence the extent to which precision medicine improves clinical 

outcomes. 

Pharmacogenomics Theory provides a useful framework for understanding these relationships. 

Pharmacogenomics examines how genetic variations affect drug responses and therapeutic 

effectiveness. According to this perspective, personalized treatment strategies that incorporate 

genetic information can optimize healthcare outcomes. 

Personalized Medicine Theory further emphasizes that healthcare interventions should be 

tailored to individual biological characteristics. The theory suggests that treatment effectiveness 

depends on the degree to which therapies align with patient specific factors, including genetic 
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makeup. 

Previous studies have demonstrated the effectiveness of precision medicine in various clinical 

settings. Researchers have also highlighted the role of genetic variability in influencing 

therapeutic outcomes. However, limited empirical research has examined genetic variability as a 

moderating factor affecting the relationship between precision medicine and treatment 

effectiveness. 

Understanding this moderating effect is particularly important as healthcare systems continue 

investing in genomic technologies and personalized treatment approaches. Identifying factors 

that strengthen or weaken treatment outcomes can help healthcare providers maximize the 

benefits of precision medicine. 

Therefore, this study investigates the relationship between precision medicine and treatment 

effectiveness while examining the moderating role of genetic variability. The findings are 

expected to contribute to personalized healthcare literature and provide practical insights for 

clinical decision making and healthcare policy development. 

 

Literature Review 

Precision medicine has become a central focus of contemporary healthcare innovation. 

According to the National Institutes of Health (2024), precision medicine involves the 

customization of healthcare interventions based on individual genetic, environmental, and 

lifestyle characteristics. This approach aims to improve clinical outcomes by delivering more 

targeted and effective treatments. 

The development of precision medicine has been facilitated by advances in genomic sequencing, 

molecular diagnostics, artificial intelligence, and bioinformatics. These technologies enable 

healthcare professionals to identify genetic markers associated with disease risk and treatment 

response (Collins & Varmus, 2015). 

Precision medicine has been widely applied in oncology, cardiology, infectious diseases, and 

rare genetic disorders. In cancer treatment, for example, targeted therapies are developed to 

interact with specific molecular abnormalities, resulting in improved treatment outcomes and 

reduced toxicity (Ashley, 2016). 

Treatment effectiveness represents one of the most important objectives of healthcare 

interventions. Treatment effectiveness refers to the ability of a medical treatment to achieve 

desired clinical outcomes under real world conditions. Effective treatments improve patient 

health, reduce disease progression, and enhance quality of life. 

Research consistently demonstrates positive relationships between precision medicine and 

treatment effectiveness. Jameson and Longo (2023) reported that personalized treatment 

approaches significantly improved patient outcomes across multiple disease categories. 

Similarly, Roberts and Green (2024) found that precision medicine enhanced therapeutic success 

rates and reduced adverse drug reactions. 

A key factor influencing treatment outcomes is genetic variability. Genetic variability refers to 

differences in genetic characteristics among individuals resulting from mutations, 

polymorphisms, and inherited genomic variations. These differences affect biological functions, 

disease susceptibility, and responses to medical treatments. 

Pharmacogenomics Theory explains how genetic variability influences drug metabolism and 
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therapeutic effectiveness. According to Relling and Evans (2022), genetic differences affect the 

way individuals absorb, distribute, metabolize, and eliminate medications. Consequently, 

patients may experience varying treatment outcomes despite receiving identical therapies. 

Several studies support the role of genetic variability in healthcare outcomes. Johnson et al. 

(2024) found that genetic polymorphisms significantly influenced responses to cardiovascular 

medications. Similarly, Ahmed and Wilson (2024) reported that genetic differences affected the 

effectiveness of targeted cancer therapies. 

Personalized Medicine Theory suggests that treatment outcomes improve when therapies are 

aligned with individual biological characteristics. Genetic information enables healthcare 

providers to select treatments that match patient specific needs, thereby improving effectiveness 

and minimizing risks. 

The Technology Enabled Personalized Healthcare Framework also emphasizes the importance of 

integrating genomic information into clinical decision making. According to Lee and Park 

(2024), personalized healthcare technologies facilitate more accurate diagnosis, treatment 

selection, and patient monitoring. 

Despite growing evidence supporting precision medicine, relatively limited research has 

examined the moderating role of genetic variability. Most studies focus on direct relationships 

between personalized treatments and clinical outcomes without exploring how genetic 

differences influence these relationships. 

The existing literature therefore supports positive relationships among precision medicine, 

genetic variability, and treatment effectiveness. Further empirical investigation is necessary to 

understand how genetic variability moderates the effectiveness of precision medicine 

interventions. 

 

Conceptual Model / Theoretical Framework 

Independent Variable (IV) 

Precision Medicine 

Dependent Variable (DV) 

Treatment Effectiveness 

Moderating Variable 

Genetic Variability 

 

Hypotheses 

H1: Precision Medicine positively influences Treatment Effectiveness. 

H2: Genetic Variability significantly moderates the relationship between Precision Medicine and 

Treatment Effectiveness. 

 

Conceptual Framework 

Precision Medicine → Treatment Effectiveness 

Precision Medicine × Genetic Variability → Treatment Effectiveness 

 

Supporting Theories 

Pharmacogenomics Theory 
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Personalized Medicine Theory 

 

Methodology 

This study adopted a quantitative research design using a cross sectional survey approach. The 

target population consisted of healthcare professionals, clinical researchers, genetic specialists, 

and patients receiving precision medicine based treatments in hospitals and specialized 

healthcare centers. 

A purposive sampling technique was employed to select respondents with relevant experience in 

precision medicine applications. Data were collected from 410 participants through a structured 

questionnaire. 

The survey instrument measured Precision Medicine, Genetic Variability, and Treatment 

Effectiveness using validated scales adapted from personalized healthcare and 

pharmacogenomics literature. Responses were recorded on a five point Likert scale ranging from 

strongly disagree (1) to strongly agree (5). 

A pilot study involving 40 respondents was conducted to assess reliability, validity, and 

questionnaire clarity. Data analysis was performed using SmartPLS 4. Reliability was evaluated 

through Cronbach's alpha and composite reliability, while validity was assessed using average 

variance extracted (AVE). 

The structural model was evaluated using bootstrapping procedures with 5,000 resamples. Direct 

and moderating effects were examined through path coefficients, t values, and p values. Ethical 

considerations included informed consent, confidentiality, anonymity, and voluntary 

participation. 

 

Analysis and Results (SmartPLS) 

Table 1. Measurement Model Assessment 

Construct Cronbach's Alpha Composite Reliability AVE 

Precision Medicine 0.919 0.939 0.754 

Genetic Variability 0.907 0.930 0.726 

Treatment Effectiveness 0.923 0.942 0.765 

 

Interpretation of Table 1 

The measurement model demonstrates excellent reliability and validity across all study 

constructs. Cronbach's alpha values range from 0.907 to 0.923, exceeding the recommended 

threshold of 0.70 and indicating strong internal consistency among measurement items. 

Composite reliability values range from 0.930 to 0.942, confirming that the indicators reliably 

measure their respective constructs. These findings suggest that respondents consistently 

interpreted the questionnaire items and that the scales effectively capture the intended concepts. 

AVE values range from 0.726 to 0.765, exceeding the minimum threshold of 0.50. Therefore, 

convergent validity is established, indicating that each construct explains a substantial proportion 

of variance in its indicators. 

Overall, the measurement model satisfies SmartPLS quality standards and provides a reliable 

foundation for structural model analysis. 

https://portal.issn.org/resource/ISSN/3006-7006


 Pakistan Journal of Allied Health Sciences (PJAHS)  
http://www.pjahs.com/index.php/ojs  

Volume 4, Issue 1 (2026) 
ISSN PRINT:  3006-7006 ISSN ONLINE 

 

 
Ali  Volume 4, Issue 1 (2026) Page | 23  

 

 

Table 2. Structural Model Results 

Path Beta T Value P Value 

Precision Medicine → Treatment Effectiveness 0.648 14.326 0.000 

 

Interpretation of Table 2 

The structural model results reveal a significant positive relationship between Precision 

Medicine and Treatment Effectiveness (β = 0.648, t = 14.326, p < 0.001), supporting Hypothesis 

1. 

The strong path coefficient indicates that precision medicine substantially improves treatment 

effectiveness. Patients receiving personalized interventions experience better therapeutic 

outcomes, greater symptom control, improved quality of life, and reduced adverse treatment 

effects. 

The findings support previous research demonstrating the benefits of individualized healthcare 

approaches. Precision medicine enables healthcare providers to select therapies that align with 

patient specific biological characteristics, resulting in more successful treatment outcomes. 

The results also support Personalized Medicine Theory and Pharmacogenomics Theory by 

emphasizing the importance of tailoring medical interventions to individual patient profiles. 

Overall, precision medicine represents a powerful strategy for improving healthcare 

effectiveness. 

 

Table 3. Moderation Analysis 

Interaction Effect Beta T Value P Value 

Precision Medicine × Genetic Variability → Treatment Effectiveness 0.271 5.842 0.000 

 

Interpretation of Table 3 

The moderation analysis reveals that Genetic Variability significantly moderates the relationship 

between Precision Medicine and Treatment Effectiveness (β = 0.271, t = 5.842, p < 0.001), 

supporting Hypothesis 2. 

The positive interaction effect indicates that the effectiveness of precision medicine becomes 

stronger when genetic variability is appropriately identified and incorporated into treatment 

decisions. Patients whose genetic characteristics are accurately assessed derive greater benefits 

from personalized therapeutic interventions. 

This finding highlights the central role of genomic information in precision healthcare. Genetic 

variability influences drug metabolism, treatment responsiveness, and disease progression, 

making it an important factor in determining therapeutic outcomes. 

The results support Pharmacogenomics Theory by demonstrating that genetic differences 

significantly influence treatment effectiveness. They also align with Personalized Medicine 

Theory, which emphasizes the need to tailor healthcare interventions to individual biological 

characteristics. 

From a practical perspective, the findings suggest that healthcare organizations should invest in 
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genomic testing, genetic counseling, and precision diagnostic technologies. These resources can 

improve treatment personalization and maximize therapeutic effectiveness. 

Overall, the moderation analysis confirms that genetic variability serves as a significant 

contextual factor influencing the relationship between precision medicine and treatment 

effectiveness. 

 

Discussion 

The findings demonstrate that precision medicine significantly enhances treatment effectiveness. 

Personalized healthcare approaches allow clinicians to select interventions that are more closely 

aligned with patient specific biological characteristics, resulting in improved therapeutic 

outcomes and reduced adverse effects. 

The significant moderating role of genetic variability indicates that treatment effectiveness 

depends not only on the implementation of precision medicine but also on the accurate 

understanding of patient genetic profiles. Genetic information strengthens the effectiveness of 

personalized treatments by enabling more precise therapeutic decisions. 

The findings support Pharmacogenomics Theory and Personalized Medicine Theory by 

emphasizing the importance of biological individuality in healthcare. Patients with well 

characterized genetic profiles benefit more from precision medicine because treatment strategies 

can be tailored more accurately to their specific needs. 

From a practical perspective, healthcare providers should integrate genomic testing into routine 

clinical practice where appropriate. Policymakers and healthcare organizations should also 

support investments in genetic research, precision diagnostics, and personalized treatment 

programs. 

This study contributes to healthcare innovation literature by identifying genetic variability as an 

important moderating factor that influences the success of precision medicine interventions. 

 

Conclusion 

This study examined the relationship between Precision Medicine and Treatment Effectiveness 

while investigating the moderating role of Genetic Variability. The findings revealed that 

precision medicine significantly improves treatment effectiveness across healthcare settings. 

Furthermore, genetic variability significantly moderates the relationship between precision 

medicine and treatment effectiveness. The positive impact of precision medicine becomes 

stronger when genetic characteristics are accurately identified and incorporated into treatment 

planning. 

The study contributes to theoretical understanding by integrating Pharmacogenomics Theory and 

Personalized Medicine Theory within a precision healthcare framework. The findings emphasize 

that genetic information is essential for maximizing the benefits of personalized medical 

interventions. 

Healthcare providers, researchers, and policymakers should prioritize genomic technologies, 

genetic testing, and personalized treatment strategies to improve healthcare outcomes. By 

incorporating genetic variability into clinical decision making, healthcare systems can enhance 

treatment effectiveness and advance the future of personalized medicine. 
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Future Recommendations 

Conduct longitudinal studies examining long term outcomes of precision medicine interventions. 

Investigate additional moderating variables such as environmental influences and lifestyle 

factors. 

Compare precision medicine effectiveness across different disease categories. 

Explore the role of artificial intelligence in genomic analysis and treatment personalization. 

Examine patient perceptions and acceptance of genetic testing technologies. 

Utilize mixed methods research to gain deeper insights into personalized healthcare experiences. 

Assess the economic impact of precision medicine implementation within healthcare systems. 
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