
International Journal of Trend in Scientific Research and Development (IJTSRD)  
Volume 9 Issue 6, Nov-Dec 2025 Available Online: www.ijtsrd.com e-ISSN: 2456 – 6470 

 

@ IJTSRD   |   Unique Paper ID – IJTSRD99966   |   Volume – 9   |   Issue – 6   |   Nov-Dec 2025 Page 784 

Precision Medicine in Diabetes: Investigating Personalized 

Treatment Approaches Based on Genetic Profiles, 

Lifestyle Factors, and Other Individual Characteristics 

Dr. Sushil Mehtaa 

Pratham Pahal Medical Consultant, Chittorgarh, Rajasthan, India 

 

ABSTRACT 

Diabetes mellitus is a nonhomogenous chronic metabolic disease that 
is heterogeneous in both the onset of the disease, development, 
response to treatment and susceptibility to complications. Traditional 
population-based methods cannot take into consideration the 
individual variations, which lead to poor glycemic control and a 
higher risk of complications. The paper explores the use of precision 
medicine in type 2 diabetes (T2D) through the combination of 
genetic profiles, lifestyle factors, and clinical characteristics to 
develop individualized treatment methods. Electronic health records, 
genome-wide genotyping, and epigenetic markers, as well as 
validated lifestyle assessments, were used to appraise a cohort of 200 
adult T2D patients (35-75 years old; 56 percent male). TCF7L2, 
SLC30A8 and FTO key variants were identified using genetic 
profiling, and polygenic risk scores showed that 24% of patients were 
of high inherited risk. INS promoter hypermethylation and miR-375 
upregulation are epigenetic features that were found in 18-25% of the 
patients and influenced beta-cell activity. The lifestyle data indicated 
that high-carbohydrate diet, low physical activity, low sleep, and 
stress were among the lifestyle factors that greatly increased the risk 
of glycemia among people with genetic predispositions. Multimodal 
stratifies patients into five subtypes, insulin-resistant (28%), beta-cell 
dysfunction (22%), mixed-type (20%), lifestyle-sensitive (18%), and 
high-risk complications (12%). Lifestyle-sensitive patients showed 
the greatest longitudinal treatment outcome (-1.5 +- 0.9%), insulin 
resistant (-1.2 +- 0.8), and mixed-type subgroups (-1.0 +- 0.7%), and 
minor response in high-risk complications (-0.6 +- 0.4%). The results 
highlight that risk stratification as well as personalized therapy and 
better outcomes are important due to the combination of genetic, 
molecular, and lifestyle data. The research justifies the translation of 
precision medicine into clinical practice that will allow specific 
interventions, optimal glycemic regulation, and decreasing diabetes-
related complications. 
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1. INTRODUCTION 

Diabetes mellitus is a complicated chronic metabolic 
disease with a great inter-individual heterogeneity in 
disease onset, progression, response to treatment and 
susceptibility to complications. Although significant 
gains have been made in pharmacological and 
lifestyle-based approach to diabetes, the conventional 
approaches toward diabetes management are largely 
based on standardized treatment algorithms which fail 
to consider specific biological and behavioral 
differences in patients. Such a restriction leads to  

 
poor glycemic management, drug tolerance, and 
health disparities, and defines the strong necessity of 
more personalized treatment plans [1]. 

The idea of precision medicine has become a 
revolutionary paradigm to enable the customisation of 
prevention and treatment plans based on variability in 
genetic composition, lifestyle patterns, environmental 
exposure, and clinical attributes. Precision medicine, 
applied to diabetes, aims to eliminate population 
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averages in favor of individualized risk forecasting, 
specifically selected treatments, and active 
monitoring of the disease. The fusion of high-
dimensional sources of data offers an unprecedented 
prospect to re-define diabetes care, on a more 
granular and mechanistic level [2]. Heritability is a 
very important aspect in the susceptibility and 
response to treatment of diabetes especially in type 2 
diabetes (T2D), where heritability interacts with 

environmental factors. Various loci have been 
associated with genome-wide association studies 
(GWAS) that are related to glycemic traits, insulin 
resistance, and b-cell dysfunction; nevertheless, they 
can only account for a significant fraction of disease 
risk. This deficiency indicates the need to integrate 
polygenic risk scores and pharmacogenomic markers 
in clinical decision-making to improve predictive 
accuracy and therapeutic precision [3]. 

 
Figure 1.1. GWAS and eQTL Data Interaction to Determine Causal variants in disease. 

This figure (A) Manhattan plot visualizing genome-wide association signals on all chromosomes. The lead 

variant is indicated in the middle panel and zoomed to indicate its genomic location in Gene X and the right 

panel indicates the result that is produced by this genotype (A/A, A/G, G/G) on the expression of Gene X.[11] 

Figure 1.2 (B) Schematic of eQTL + GWAS colocalization analysis. Top left: GWAS association with the first 

variant; bottom left: eQTL association within the same genomic region. Middle panel: colocalization analyses 

differiate between non-colocalizing signals (right top) that define two independent variants influencing 

disease and gene expression independently, and localizing signals (bottom right) that define a single variant 

influencing both gene expression and disease, meaning causation. The figures are used to demonstrate the 

concept of the connection of single-nucleotide variants (SNVs), gene expression alterations, and disease 

phenotypes by means of statistical and functional synthesis.[12] 

In addition to genetic inclination, lifestyle and behavioral conditions such as diet, physical activity, sleep habits 
and psychosocial stress have a significant influence on the development and management of diabetes. These 
dynamically interacting modifiable determinants affect human insulin sensitivity, inflammatory responses, and 
disease pathways through interactions with genetic and metabolic pathways. Precision medicine models focus on 
the consistent integration of lifestyle information to develop individual behavioral and therapeutic therapies that 
resonate with the risk profile and treatment outcomes [4]. The epigenetic processes also mediate the genetic 
predisposition and the environment by balancing the expression of genes without modifying the DNA sequences. 
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The mechanisms that have been found to play a role in insulin resistance, b-cell dysfunction, and 
transgenerational transmission of metabolic risk are changes in DNA methylation, histone modifications, and 
non-coding RNA activity. Recent innovations in the next-generation sequencing technology have allowed the 
mapping of the epigenome in detail, providing new biomarkers of disease stratification and treatment 
optimization in diabetes [5]. Growing access to electronic health records (EHRs) has opened up the research on 
precision diabetes to a greater degree. EHRs offer longitudinal, real-world, data that contains clinical 
measurements, medication histories, comorbidities and outcomes in a wide range of populations. EHR-based 
analytics will enable patient re-phenotyping and heterogeneous treatment response identification, as well as 
promote predictive analytics related to disease progression and complications when used in combination with 
genomic and lifestyle data [6]. 

Diabetes commonly has several comorbidities such as cardiovascular disease, chronic kidney disease, 
neuropathy, and retinopathy, significantly promoting morbidity and mortality. By the means of precision 
medicine, patient subgroups with unique comorbidity patterns and risk patterns can be identified, which means 
that patients can be intervened with earlier and that their management strategies can be more precise. This 
stratification is needed to minimize the long-term complications and healthcare burden [7-11]. Although 
promising, the clinical implementation of precision medicine in diabetes has been small because of issues 
associated with data integration, model interpretability, population diversity and ethical issues. Most of the 
available literature fails to represent various ethnic and socioeconomic groups, which might restrict the 
applicability of precision-based interventions. These issues are important to handle in order to provide fair 
access to the use of personalized diabetes care [8,9]. The importance of the current research is linked to the fact 
that it is an integrated approach to the study of individualized treatment with references to genetic profiles, 
lifestyle, and clinical specificities of a person. This study will enhance prediction of risks, improve therapy 
responsiveness, and reduce adverse events through synthesis of multidimensional data. This strategy will be 
consistent with the initiatives to change the paradigm of diabetes management in the world to preventive and 
personalized treatment [10]. 

 
Figure 1.3. Results of genome-wide association study (GWAS) and pathway-specific polygenic risk scores 

(pPRS) with diabetes related traits. The left panel contains a Manhattan plot of the results of GWAS in 

each chromosome (1-22) with -log10(P) values on the x-axis, where statistically significant results are 

marked. The right panels exemplify the links between individual genes (coloured dots) and various 
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polygenic risk scores: rPRS (restricted PRS), gPRS (global PRS), and six pathway-specific pPRS 

(Pathway 1: b-cells, Pathway 2: Insulin, Pathway 3: Mixed, Pathway 4: NAFLD/Lipid, Pathway 5: 

Lipodystrophy, Pathway 6: Obesity/Adiposity). It should be noted that soft clustering can assign a single 

gene to more than one pathway. 

The main aims of this research are (i) to assess the role of genetic and lifestyle variation in inter-individual 
events of diabetes, (ii) to clarify on patient subgroups, whose therapeutic responses can be observed differently, 
and (iii) to estimate the potential of precision medicine models to guide on customized treatment protocols. 
Finally, the evidence-based information presented in this work is aimed at supporting the introduction of 
precision medicine into the clinical routine and instructing on the importance of its inclusion into diabetes 
management. The paper would be relevant to the scientific community on diabetes since it could push the 
precision medicine-based framework of diabetes treatment forward i.e. by combining genetic profiles, lifestyle 
determinants, and personal clinical factors in order to narrow down on specific treatment plans. The systematic 
approach to inter-individual heterogeneity in disease risk, progression, and therapeutic response, the study 
contributes to the literature of traditional population-based methods and indicates that multidimensional data 
could be utilized to develop a better patient stratification and decision-making strategy. The results should 
broaden the comprehension of interactions between genes, the environment, and lifestyle in diabetes, aid 
prediction and therapy biomarkers, and direct the use of more precise, effective, and equitable management of 
diabetes, thus enabling the transfer of the idea of precision medicine into clinical practice. 

2. Methodology 

2.1. Study Design 

In this study, the integrative precision medicine-based observational design was chosen in order to explore 
individualized treatment interventions in diabetes by evaluating genetic profiles, lifestyle influences, and 
individual clinical factors simultaneously. The methodological foundation is based on principles of precision and 
systems medicine, i.e., integration of multidimensional data to solve heterogeneity of disease in different 
individuals and inter-individual differences in responding to treatment. It uses a retrospective-prospective 
design, which allows conducting longitudinal analysis of the course of the disease and cross-sectional analysis of 
the treatment outcomes in heterogeneous groups of patients [1]. 

2.2. Population and Eligibility of the study 

The focus population includes the patients diagnosed with type 2 diabetes mellitus (T2D), as per the 
internationally recognized diagnostic criteria, as adult patients. The participants are selected among healthcare 
facilities and related electronic health records (EHR) systems. The inclusion criteria will involve the confirmed 
diagnosis of T2D, the presence of longitudinal clinical data, and an informed consent to the use of genetic and 
lifestyle data. The exclusion criteria will include the presence of gestational type of diabetes, secondary types of 
diabetes, severe systemic or malignancy and incomplete or non-consistent records, which can undermine the 
analytical validity. These are criteria to trade data quality by the necessity to reflect real world heterogeneity that 
are of importance to precision medicine applications. 

2.3. Data Sources and Collection 

There are several layers of data gathered in order to help in a holistic precision medicine model. EHRs contain 
clinical data that include demographic information, laboratory values (HbA1c, fasting plasma glucose, lipid 
profiles), the history of medication, the time of diabetes, and reported micro vascular and macrovascular 
complications. Genetic information is derived through genome-wide genotyping systems or specific sequencing 
systems on diabetes-associated locus. The validated questionnaires and digital health records obtain lifestyle and 
behavioral data pertaining to dietary habits, physical activity, smoking, alcohol intake, sleep habits, and 
psychosocial stressors. Combining these heterogeneous data sources represents the best practice of precision 
diabetes studies in the present day [2]. 

2.4. The Molecular Profiling and Genetic Profiling 

Genetic analysis is aimed at determining variants related to the susceptibility to diabetes, the reaction to its 
treatment and the risk of developing complications. The genome-wide association data are used to determine the 
polygenic risk scores (PRS) that allow determining the inherited diabetes risk on an individual basis. Molecular 
characteristics are included where feasible e.g. epigenetic signatures and transcriptomic signatures e.g. non-
coding RNA expression programs to include regulatory processes acting on the metabolic pathways. 
Normalization, variant filtering, and population stratification are standard quality control procedures that are 
used to guarantee analytical strength and reproducibility. 
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2.5. Lifestyle and Behavioral Assessment 

Lifestyle variables are captured systematically and standardized to make them easily integrated with genetic and 
clinical data. Food habits are grouped in terms of the macronutrient content and the following of standard dietary 
styles whereas the physical activities are measured in terms of metabolic equivalent task (MET) scores. Key 
behavioral determinants are smoking status, alcohol consumption, sedentary behavior and length of sleep. To 
determine the modifying effects of these lifestyle factors on disease progression and treatment outcome, the 
independent and interactive analyses are done with genetic susceptibility, which shows the multifactorial nature 
of diabetes. 

2.6. Data Consolidation and Patient Stratification 

Multimodal strategy of data integration is used to merge genetic, lifestyle and clinical data, to a single analytical 
platform. The method of feature selection and dimensionality reduction is used to select only those variables that 
are relevant in clinical sense and reduce redundancy. A re-phenotyping of patients is performed through the 
clustering and similarity-based modeling techniques to define subgroups of patients whose biological and 
behavioral features are common. This stratification allows identifying diabetes subtypes, which have different 
risk patterns, disease progression, and response to treatment and facilitating individual decision-making in the 
treatment of the disease [3]. Longitudinal changes in HbA1c are used as primary outcome measures of glycemic 
control, whereas response to antidiabetic therapies. Secondary outcomes involve the onset and progression of 
complications of diabetes, drug reactions, the time to escalation of treatment, and major comorbid development. 
The evaluation of outcomes is done longitudinally to measure disease courses and temporal heterogeneity in the 
effectiveness of treatment, which aligns with the goals of precision medicine. 

2.7. Statistical and Computational Analysis 

Multivariate regression modeling, survival modeling and machine learning methods are used to complete 
statistical analyses in evaluating relationships between patient-specific characteristics and clinical outcomes. 
Interaction effects between genetic risk scores and lifestyle variables are modeled explicitly in order to 
determine the personalized effects of treatment. The cross-validation and sensitivity analyses are used to 
evaluate the performance of a model and make it robust. The focus is made on the interpretable model of 
analysis to improve clinical relevance and translate it into practice [4]. 

2.8. Moral Implications and Data Protection 

The research is carried out in line with the ethics on biomedical research and their findings are endorsed by the 
institutional review boards. Patient data all is de-identified to maintain privacy and informed consent is sought 
on the use of genetic and lifestyle data. Procedures of secure data governance are in effect to provide a controlled 
access, integrity and adherence to relevant regulatory standards. 

2.9. Methodological Significance 

This methodological framework also allows a precise assessment of diabetes in terms of a precision medicine 
approach due to the combination of the genetic, lifestyle, and clinical variables of disease heterogeneity. The 
approach helps to overcome severe limitations of traditional diabetes management and provides the evidence to 
support the clinical introduction of the precision medicine strategies by facilitating the individualization of the 
risk stratification and optimization of personalized treatment. 
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Figure 2.1: Analytical Methodology framework 

3. Results 

3.1. Patient Demographics and Clinical Characteristics 

The study included N = 200 T2D patients, aged between 35 and 75 years, with a slight male predominance 
(56%). Baseline characteristics are summarized in Table 3.1. The cohort represents a heterogeneous population 
in terms of BMI, duration of diabetes, HbA1c, and comorbidities. This heterogeneity is essential for a precision 
medicine study as it enables stratification and evaluation of differential treatment responses across subgroups. 
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Table 3.1: Baseline Demographics and Clinical Characteristics of Patients (N=200) 
Parameter Value/Mean ± SD Range 

Age (years) 54.3 ± 10.2 35–75 
Gender (M/F) 112/88 – 
BMI (kg/m²) 28.7 ± 4.6 20.1–36.5 
Duration of T2D (years) 8.5 ± 5.2 1–25 
HbA1c (%) 7.9 ± 1.3 5.8–11.2 
Fasting Plasma Glucose (mg/dL) 145 ± 38 90–260 
Total Cholesterol (mg/dL) 198 ± 35 135–280 
Hypertension (%) 58% – 
Cardiovascular comorbidity (%) 22% – 

Table 3.1 demonstrates the broad range of clinical characteristics. Age and BMI variability indicate differing 
metabolic risks, while HbA1c and fasting glucose ranges reflect heterogeneity in glycemic control. The 
prevalence of comorbidities such as hypertension and cardiovascular disease highlights the clinical complexity 
that precision medicine seeks to address. 

 
Figure 3.1. Genetic and physiological heterogeneity in the pathogenesis of insulin deficiency and insulin 

resistance in diabetes. 

The schematic shows different genetic pathways that cause diabetes via the hampering of insulin secretion and 
augmented insulin resistance at the tissue level. Alterations in the function of pancreatic b-cells are linked to 
decreased insulin secretion, including a decrease in insulin and normal or elevated proinsulin (e.g., HNF1A, 
SLC30A8), decreases in insulin and proinsulin (e.g., KCNJ11), or are of a mixed nature between reduced insulin 
secretion and insulin resistance (e.g., PAM, RREB1). Simultaneously, tissue-level genetic factors of peripheral 
insulin resistance include hepatic lipid metabolism and non-alcoholic fatty liver disease (e.g., TM6SF2, GCKR), 
lipodystrophy-like fat distribution (e.g., FAM13A, KLF14), and obesity or increased adiposity (e.g., FTO/IRX3, 
MC4R). Collectively, these pathways reflect the biological heterogeneity of diabetes and offer a justification of 
precision medicine approaches to customize treatment based on underlying genetic and metabolic pathways. 

3.2. Molecular and Genetic Profiling 

Genetic and molecular profiling enabled identification of variants associated with T2D risk, drug response, and 
potential complications. Polygenic risk scores (PRS) were calculated to stratify patients based on their inherited 
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susceptibility. Epigenetic markers such as DNA methylation and non-coding RNA expression were analyzed to 
capture regulatory effects on insulin production and beta-cell function. Table 3.2 summarizes key findings. 

Table 3.2: Genetic Variants and Molecular Markers Identified in the Study Cohort 
Marker Type Gene/Locus Variant/Allele Frequency (%) Clinical Association 

SNP TCF7L2 rs7903146 34% Increased T2D risk 
SNP SLC30A8 rs13266634 28% Beta-cell dysfunction 
SNP FTO rs9939609 42% Obesity and insulin resistance 

Epigenetic marker 
DNA 

methylation 
INS promoter 

18% 
hypermethylated 

Reduced insulin expression 

Non-coding RNA miR-375 – 
25% 

upregulated 
Beta-cell function regulation 

Pharmacogenomic 
SNP 

CYP2C9 rs1057910 21% 
Drug metabolism: Sulfonylurea 

response 
Polygenic Risk 

Score 
– – – 

High PRS (>75th percentile): 48 
patients 

Table 3.2 shows that a substantial fraction of patients carry genetic variants that predispose them to T2D and 
affect therapeutic responses. The presence of high PRS in 24% of patients indicates that genetic risk is unevenly 
distributed, emphasizing the need for stratified treatment plans. Epigenetic markers further illustrate that gene-
environment interactions contribute to disease variability, which precision medicine models can exploit for 
individualized care. 

3.3. Lifestyle and Behavioral Patterns 

Lifestyle and behavioral factors were systematically recorded using validated questionnaires and digital health 
records. Their impact on glycemic control and treatment response was analyzed. Table 3.3 presents the 
distribution of these factors. 

Table 3.3: Lifestyle and Behavioral Variables 

Lifestyle Factor Measurement/Category 
Distribution 

(%) 
Impact on HbA1c / PRS 

Interaction 
Dietary Pattern High-carb / Low-carb / Balanced 42 / 18 / 40 High-carb + high PRS → ↑HbA1c 
Physical Activity MET score low / moderate / high 35 / 45 / 20 High activity → better HbA1c 
Smoking Status Current / Former / Never 25 / 30 / 45 Modifies genetic risk 
Alcohol Intake None / Moderate / High 60 / 30 / 10 Interaction with drug response 
Sleep Duration <6h / 6–8h / >8h 22 / 60 / 18 Short sleep → higher HbA1c 
Stress Level Low / Moderate / High 30 / 50 / 20 Higher stress → poorer control 

Lifestyle behaviors significantly modulate disease risk and treatment outcomes. High-carb diet, sedentary 
lifestyle, and poor sleep amplify the effect of high genetic risk, while moderate physical activity mitigates it. 
These findings support the inclusion of behavioral modification as part of a precision medicine approach. 

3.4. Patient Stratification and Re-Phenotyping 

Using multimodal clustering integrating genetic, molecular, clinical, and lifestyle data, patients were re-
phenotyped into five distinct subgroups with unique risk profiles, as shown in Table 3.4. 

Table 3.4: Diabetes Subtypes Identified Through Patient Re-Phenotyping 
Subtype Key Features % of Cohort Typical Clinical Outcome 

Insulin-Resistant T2D 
High BMI, high HOMA-IR, 
high FTO/TCF7L2 PRS 

28% Moderate response to metformin 

Beta-cell Dysfunction 
Low C-peptide, high 
HbA1c, SLC30A8 variant 

22% Requires early insulin therapy 

Mixed-Type T2D 
Moderate insulin resistance, 
combined PRS 

20% Variable treatment response 

Lifestyle-sensitive T2D 
High dietary risk, low 
physical activity 

18% 
Substantial improvement with 
lifestyle interventions 

High-Risk 
Complications 

High PRS, cardiovascular 
comorbidity 

12% 
Rapid progression, requires 
intensive monitoring 



International Journal of Trend in Scientific Research and Development @ www.ijtsrd.com eISSN: 2456-6470 

@ IJTSRD   |   Unique Paper ID – IJTSRD99966   |   Volume – 9   |   Issue – 6   |   Nov-Dec 2025 Page 792 

Patient stratification identified clinically meaningful subtypes. For instance, beta-cell dysfunction patients 
required insulin early, whereas lifestyle-sensitive patients improved with diet and exercise alone. These 
subgroup distinctions are crucial for targeted interventions and predictive modeling of disease progression. 

 
Figure 3.2: Comparison of randomized controlled trials (RCT) and Mendelian randomization (MR) 

approaches in evaluating the effect of biomarkers on disease outcomes. In RCTs (left), participants are 

randomized to an intervention or placebo, leading to a decrease in biomarkers (e.g., ↓LDL-C) and 

subsequent changes in disease outcomes (e.g., ↑risk of T2D). In MR studies (right), genetic variants 

(alleles) are used as proxies for biomarker levels, where the presence or absence of an allele influences 

the biomarker (e.g., ↑LDL-C) and its effect on disease outcomes (e.g., ↓risk of T2D). This schematic 

illustrates how MR mimics RCTs by using genetic variation as a natural randomization tool. 

3.5. Treatment Response and Outcome Measures 

Longitudinal follow-up demonstrated differential treatment response across subtypes. Glycemic control was 
measured primarily by HbA1c change, and secondary outcomes included onset of complications, drug reactions, 
and escalation of therapy (Table 3.5). 

Table 3.5: Treatment Outcomes by Subgroup 

Subtype 
HbA1c 

Change (%) 
Drug Response 

(Metformin/Insulin/Other) 
Complication 

Onset (%) 
Insulin-Resistant T2D -1.2 ± 0.8 70% metformin responsive, 15% insulin 10% 
Beta-cell Dysfunction -0.8 ± 0.5 25% metformin, 65% insulin 18% 
Mixed-Type T2D -1.0 ± 0.7 50% metformin, 30% insulin, 20% other 12% 
Lifestyle-sensitive T2D -1.5 ± 0.9 80% metformin, 10% insulin 5% 
High-Risk Complications -0.6 ± 0.4 30% metformin, 50% insulin, 20% other 28% 

Table 3.5 demonstrates that the lifestyle-sensitive subgroup responded best to standard interventions, whereas 
the high-risk complications group had minimal improvement despite therapy. This emphasizes the need for 
precision-based stratification to optimize treatment outcomes. 
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4. Discussion 

The current paper illustrates the heterogeneity of T2D 
patients to a significant degree, which requires the use 
of precision medicine. The age, BMI, HbA1c, and 
comorbidity are widely distributed in our baseline 
demographic data (Table 3.1), which reflects a 
population in the real world. These results are not 
new as other researchers have documented such 
heterogeneity in clinical features in patients with T2D 
that can influence treatment outcomes and risk of 
complications [15,16]. The minor male dominance 
and age distribution concur with the epidemiology 
findings observed in other population-based evidence 
and justifies the representativeness of our cohort [17]. 

Genetic profiling has discovered the SNP 
T2Dassociated SNPs with different allele frequencies 
such as TCF7L2, SLC30A8, and FTO and PRS 
enabled the risk of the patient to be stratified 
according to inherited risk (Table 3.2). This confirms 
previous studies that TCF7L2 variants are a great 
predictor of diabetes vulnerability and reactions to 
drugs, especially metformin, whereas FTO variants 
are linked with obesity and insulin resistance [18,19]. 
Our percentage of 24% high PRS in the cohort is 
consistent with the prevalence in multi-ethnic cohorts, 
and highlights the non-homogenous risk of genetic 
risk in populations [20]. Epigenetic changes, such as 
the presence of DNA methylation at INS promoter 
and an increase in miR-375, also support the literature 
that reveals that epigenetics are able to regulate beta-
cell functions and insulin secretions [21]. 

In our study, lifestyle and behavioral issues played a 
major role in the glycemic control (Table 3.3). 
Several factors including high-carbohydrate diet, lack 
of physical activity and short sleep were linked to an 
increase in HbA1c, particularly in high-risk patients. 
These results are in line with the past reports that 
lifestyle interventions may reduce the effects of 
genetic predisposition on glycemic outcomes [22,23]. 
In addition, smoking and alcohol consumption were 
discovered to be in turn with the variants of 
pharmacogenomic interactions, which also highlights 
previous findings that lifestyle changes the T2D drug 
response [24]. 

Re-phenotyping of the patients identified five T2D 
subtypes that were clinically significant (Table 3.4), 
including a genetic and a lifestyle impact. The 
insulin-resistant and beta-cell dysfunction groups had 
different treatment requirements, and the lifestyle-
sensitive group was sensitive to diet and activities. 
Like stratification has been noted in Ahlqvist et al., 
who found five clusters of diabetes, which have 
different risk profiles, and therapeutic responses, that 

multidimensional patient stratification is useful in 
precision medicine [15,16]. 

The analysis of treatment outcomes (Table 3.5) 
showed that the biggest increase in the level of 
HbA1c was observed in patients who were sensitive 
to the lifestyle, and the subgroup of high-risk 
complications patients responded insignificantly. 
These data reflect the literature on the assumption that 
high PRS and comorbid patients usually need a more 
rigorous treatment and worse outcomes despite the 
standard treatment [17,18]. The apparent diversity of 
drug response highlights the need to integrate genetic, 
molecular, and behavioral information to implement 
personalized treatment regimens [19,20]. 

Longitudinal clinical, genetic, and lifestyle variable 
evaluation enabled a sound evaluation of inter-
individual variations in disease progression. The 
findings of the present research confirm the potential 
of EHR-based models of precision medicine to 
predict complications and therapeutic response, in 
accordance with the recent evidence of real-world 
application in T2D of integrated data analytics 
[21,22]. Molecular and epigenetic markers enhance 
risk prediction, and diagnose patients who can be 
subjects of early interventions. 

On the whole, this research proves that 
multidimensional precision medicine interventions 
can be effective in the prevention of risk 
stratification, personalized therapy, and better 
outcomes in T2D. Upon comparing our results to 
those of the existing literature, we can conclude that 
integration of genetic, molecular, clinical and lifestyle 
data is much more informative on disease 
heterogeneity than traditional population-based 
solutions. This framework would support the clinical 
translation of precision medicine in diabetes, which 
would eventually lead to glycemic control, lessening 
complications, and providing precise lifestyle and 
pharmacological interventions [23-25]. 

5. Conclusions 

This paper points to the high level of heterogeneity of 
type 2 diabetes (T2D) related to genetic composition, 
molecular and epigenetic history, lifestyle patterns, 
and clinical outcomes. We find that the current 
standard population-based management strategies 
based on homogeneous treatment algorithms cannot 
realize this complexity, and thus cannot lead to 
optimal glycemic control, diverse response to 
different drugs, and predisposition to complications. 
It is through genetic, molecular, and lifestyle data 
combined with longitudinal clinical information that 
we were able to stratify patients into different 
subtypes, including insulin-resistant, beta-cell 
dysfunction, mixed-type, lifestyle-sensitive, and high-
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risk complications subgroups of patients. Such 
subgroups had various developmental patterns and 
responses to treatment, which is why the focus on the 
individual approach in managing T2D is essential. 
The polygenic risk scores (PRS) calculation and the 
discovery of epigenetic types of markers DNA-
methylation and non-coding RNA-expression added 
to the importance of multidimensional profiling in 
predicting the risk of diseases, responses to therapy, 
and possible adverse events. 

The paper also depicts the role of lifestyle and 
behavioral determinants in regulating the risk of 
disease and therapeutic response. Carbohydrate diets, 
lack of exercise, insufficient sleep and psychosocial 
stress were discovered to increase the effect of 
genetic predisposition, but more healthy behavioral 
patterns also reduced the risk and response to 
interventions. This highlights the importance of 
incorporating both behavioral change interventions as 
well as pharmacological intervention in precision 
medicine. Moreover, pharmacogenomic data, e.g., 
CYP2C9 variations affecting sulfonylurea 
responsiveness give practicable information that can 
be used to personalize drug regimens and reduce 
adverse impacts. 

Precision medicine clinical translation into diabetes is 
in its early stages, and the difficulty in integrating the 
data, model interpretability, population heterogeneity, 
and ethical issues. However, the approach to the 
research shown in this study, which involves 
integration of electronic health records (EHR), 
genetic and molecular profiling, and a thorough 
analysis of the lifestyle, offers a solid structure of 
patient stratification and customized planning of 
treatment. The use of such integrative strategies in 
daily-clinical practice could help to enhance glycemic 
control, decrease the long-term complications, and 
maximize therapeutic interventions in the inter-
heterogeneous population. 

6. Future Perspectives: 

 Expansive Cohort Studies: It is proposed that in 
future studies, larger and more ethnically 
representative cohorts should be included to 
improve the extrapolability of precision medicine 
models, as well as to introduce health disparities 
in the management of T2D. 

 Combination of Multi-Omics Data: The 
combination of metabolomics, proteomics and 
microbiome profiling may provide more 
mechanistic understanding of disease processes 
and tailor risk prediction and patient stratification. 

 Continuous glucose monitoring, wearables, and 
mobile health applications: Continuous glucose 

monitoring, wearables, and mobile health 
applications may make available real-time 
behavioral and physiological data and allow 
dynamic change of treatment approaches, 
depending on the needs of each person. 

 New Computational Models: It is possible to 
develop machine learning and artificial 
intelligence models that are more advanced to 
incorporate multidimensional data, new complex 
interactions between environment, lifestyle and 
genetics, and give recommendations that can be 
clinically interpreted. 

 Translational Implementation: To determine the 
effectiveness, feasibility and cost-effectiveness of 
precise medicine-guided interventions in the 
management of T2D, pilot clinical trials will be 
necessary. 

 Ethical and Regulatory Implications: The 
responsible use of genetic and lifestyle datasets 
by deploying precision medicine tools is subject 
to ethical concerns (e.g. ensuring equitable 
access), protection of patient information, and 
possible bias in patient data. 

 Preventive Strategies: The implementation of 
precision medicine could shift the paradigm of 
response treatment to proactive prevention 
because of identifying people who are at a higher 
risk of developing a disease before its occurrence 
and allowing timely interventions to postpone or 
even prevent the occurrence of T2D. 

To sum up, multidimensional precision medicine 
presents a radical prospect of personalization of the 
prevention, monitoring and treatment of patients with 
T2D. It will offer a way forward to more effective, 
equitable and personalized management of diabetes 
by integrating genetics, molecular biology, lifestyle 
and clinical information, eventually enhancing patient 
outcomes, and reducing the global burden of this 
chronic disease. 
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