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Abstract

Diabetes mellitus (DM) is a complex metabolic disorder characterized by chronic hyperglycemia leading to multiple microvascular
and macrovascular complications. This systematic review examines the underlying pathophysiological mechanisms contributing to
diabetic complications and evaluates current prevention and management strategies. Peer-reviewed studies published between 2016
and 2025 were analyzed using PRISMA guidelines. Major complications—including neuropathy, nephropathy, retinopathy, and
cardiovascular disease—were explored in relation to oxidative stress, advanced glycation end-products (AGEs), inflammation, and
endothelial dysfunction. Preventive approaches such as lifestyle modification, pharmacological interventions, and emerging
technologies like continuous glucose monitoring and Al-driven insulin delivery were also evaluated. Findings reveal that early
diagnosis, integrated care models, and personalized therapies significantly reduce complication risk. This review highlights the need
for multidisciplinary management and advances in molecular research to mitigate diabetes-related morbidity and mortality.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent
hyperglycemia resulting from defects in insulin secretion, insulin action, or both. It represents
one of the most significant global health challenges of the 21st century, with the International
Diabetes Federation (2024) estimating over 5S40 million adults living with diabetes worldwide—
a number projected to exceed 780 million by 2045. The escalating prevalence of both type 1 and
type 2 diabetes has led to a parallel rise in diabetes-related complications, which contribute
substantially to morbidity, disability, and premature mortality (Cho et al., 2018).

The pathophysiology of diabetic complications involves a multifaceted network of metabolic
and vascular abnormalities triggered by chronic hyperglycemia. Prolonged exposure to high
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glucose levels induces oxidative stress, endothelial dysfunction, inflammation, and the
accumulation of advanced glycation end-products (AGEs), all of which damage vascular and
neural tissues (Forbes & Cooper, 2019). These biochemical disturbances initiate a cascade of
events that culminate in both microvascular complications—including retinopathy,
nephropathy, and neuropathy—and macrovascular complications, such as coronary artery
disease, stroke, and peripheral arterial disease (Low Wang et al., 2016).

Globally, diabetic complications account for the majority of diabetes-related deaths.
Cardiovascular disease remains the leading cause of mortality among diabetic patients, while
renal failure and visual impairment represent major causes of disability (Zoungas et al., 2017).
In addition to their clinical burden, these complications impose enormous socioeconomic costs
due to prolonged hospitalizations, loss of productivity, and increased healthcare expenditures
(Bommer et al., 2017). Therefore, understanding the pathophysiological mechanisms
underlying these complications is essential for developing effective prevention and management
strategies.

Over the past decade, advances in biomedical research have revealed the central role of oxidative
stress, mitochondrial dysfunction, and chronic inflammation in linking hyperglycemia to
vascular and tissue injury (Giacco & Brownlee, 2019). Moreover, molecular insights into the
dysregulation of cellular signaling pathways, epigenetic modifications, and endothelial cell
damage have expanded our understanding of diabetic complications (Mishra et al., 2021). At the
same time, innovations in pharmacological therapies—such as sodium—glucose cotransporter
2 (SGLT2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists—have
demonstrated significant protective effects against renal and cardiovascular complications
(McGuire et al., 2021).

In parallel, lifestyle interventions, early detection programs, and digital health technologies have
emerged as crucial components in preventing and managing diabetes complications. The
integration of continuous glucose monitoring, telemedicine, and patient-centered care has shown
promise in improving glycemic control and reducing the risk of long-term organ damage (Evert
et al., 2020).

This review aims to synthesize current scientific evidence on the pathophysiological
mechanisms that drive the development of diabetic complications and to critically evaluate
evidence-based prevention strategies that target these mechanisms. By bridging basic science
with clinical practice, this review highlights both the biological underpinnings of diabetes-related
organ damage and the preventive measures that can mitigate its devastating consequences.

Methodology

This systematic review was conducted in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to ensure methodological
rigor, transparency, and reproducibility. The primary objective was to identify, evaluate, and
synthesize recent evidence on the pathophysiological mechanisms underlying diabetic
complications and the strategies used to prevent or mitigate these complications.

A comprehensive search was performed across multiple electronic databases, including
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PubMed, Scopus, ScienceDirect, Web of Science, and Google Scholar, covering publications
from 2016 to 2024. Search terms included combinations of the following keywords: “diabetes
mellitus,”  “complications, “pathophysiology,”  “oxidative  stress, “inflammation,
“endothelial dysfunction,” “prevention,” and “management.” Boolean operators (AND/OR)
were used to refine results. Reference lists of relevant studies were also screened to capture

additional sources.

k2] »» ’»

Studies were included if they met the following criteria:

1. Published in peer-reviewed journals in English.

2. Focused on type 1, type 2, or gestational diabetes.

3. Discussed mechanisms, prevention, or management of diabetic complications.
Exclusion criteria included:

e Non-human or animal studies.

e Case reports, editorials, and conference abstracts.

e Articles lacking methodological transparency or outcome data.

Two independent reviewers screened the titles and abstracts of retrieved articles, followed by
full-text assessment for eligibility. Discrepancies were resolved through discussion. Data
extracted included: (1) study design, (2) type of complication examined, (3) pathophysiological
mechanism described, (4) preventive or management strategy assessed, and (5) major outcomes.

The Joanna Briggs Institute (JBI) critical appraisal tools were employed to assess study quality
and risk of bias. Only studies rated as moderate to high quality were included in the final
synthesis. The findings were narratively summarized, emphasizing mechanistic insights and
evidence-based prevention frameworks.

Pathophysiological Mechanisms of Diabetic Complications

The development of diabetic complications is the result of intricate biochemical, molecular, and
vascular disturbances caused by chronic hyperglycemia. Persistent elevations in blood glucose
levels trigger a series of metabolic and hemodynamic changes that ultimately damage various
organs and tissues. The most critical mechanisms involved include oxidative stress, formation
of advanced glycation end-products (AGEs), inflammation, endothelial dysfunction,
mitochondrial impairment, and epigenetic alterations. These mechanisms interact
synergistically, amplifying vascular injury and cellular dysfunction in both microvascular and
macrovascular compartments (Forbes & Cooper, 2019; Giacco & Brownlee, 2019).

posthumanism.co.uk
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Figure 1. Pathophysiological Mechanisms Linking Hyperglycemia to Diabetic Complications

Oxidative stress is considered a central mechanism in the pathogenesis of diabetic complications.
In hyperglycemic conditions, glucose undergoes auto-oxidation, leading to the excessive
production of reactive oxygen species (ROS), such as superoxide anions and hydrogen peroxide
(Giacco & Brownlee, 2019). These molecules damage lipids, proteins, and nucleic acids,
disrupting mitochondrial function and impairing cellular homeostasis.

ROS overproduction activates key metabolic pathways such as the polyol pathway, hexosamine
pathway, and protein kinase C (PKC) signaling, all of which exacerbate tissue injury (Forbes
& Cooper, 2019). In endothelial cells, oxidative stress diminishes nitric oxide (NO) availability,
leading to vasoconstriction and microvascular ischemia, while also promoting platelet
aggregation and thrombosis (Tuttolomondo et al., 2017).

The non-enzymatic glycation of proteins and lipids results in the formation of advanced
glycation end-products (AGEs), which accumulate in tissues and the vascular matrix. AGEs
interact with their receptors (RAGE) on endothelial cells, smooth muscle cells, and macrophages,
initiating a cascade of inflammatory and pro-fibrotic responses (Singh et al., 2018).

These interactions increase oxidative stress and activate transcription factors such as NF-kB,
which upregulates the expression of cytokines, adhesion molecules, and growth factors.
Consequently, AGEs contribute to basement membrane thickening, arterial stiffness, and
vascular leakage—pathological hallmarks of diabetic microangiopathy. In the retina, AGEs
promote pericyte loss and neovascularization, while in the kidney, they contribute to
glomerulosclerosis and proteinuria (Mishra et al., 2021).

The endothelium, which regulates vascular tone and permeability, becomes a critical target in
Journal of Posthumanism
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diabetes-induced injury. Chronic hyperglycemia disrupts endothelial nitric oxide synthase
(eNOS) activity, reducing NO bioavailability and leading to vasomotor imbalance
(Tuttolomondo et al., 2017). Moreover, increased ROS and AGEs activate endothelial cells to
express vascular adhesion molecules (VCAM-1 and ICAM-1), promoting leukocyte adhesion
and vascular inflammation.

This inflammatory state drives microvascular rarefaction and macrovascular atherogenesis.
In diabetic patients, these endothelial changes are strongly linked to coronary artery disease,
stroke, and peripheral vascular disease (Low Wang et al., 2016). Thus, endothelial dysfunction
represents a pivotal connection between metabolic abnormalities and vascular pathology in
diabetes.

Mitochondria play a vital role in glucose metabolism and ATP production. In diabetes, sustained
hyperglycemia leads to mitochondrial overloading and excessive ROS generation. This, in turn,
causes mitochondrial DNA damage, impaired oxidative phosphorylation, and activation of
apoptotic signaling pathways (Mishra et al., 2021).

Cellular apoptosis is especially pronounced in vascular smooth muscle cells, podocytes, and
neurons—tissues that are highly energy-dependent. The progressive loss of these cells underlies
the structural degeneration observed in diabetic nephropathy, retinopathy, and neuropathy.
Recent evidence suggests that mitochondrial-targeted antioxidants may restore mitochondrial
integrity and reduce oxidative injury, representing a promising therapeutic avenue (Giacco &
Brownlee, 2019).

Inflammation serves as both a cause and consequence of diabetic complications. Hyperglycemia
induces the activation of pro-inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1), which further
impair insulin signaling and vascular health (Tuttolomondo et al., 2017).

The innate immune system becomes dysregulated, with macrophages adopting a pro-
inflammatory M1 phenotype that accelerates tissue injury. Chronic inflammation contributes to
end-organ fibrosis, glomerular damage, and neuronal demyelination in long-term diabetes
(Forbes & Cooper, 2019).

Emerging research highlights the phenomenon of metabolic memory, where prior episodes of
hyperglycemia cause lasting epigenetic modifications that perpetuate tissue damage even after
glucose normalization. These include DNA methylation, histone modification, and microRNA
dysregulation, which alter gene expression involved in oxidative stress, inflammation, and
fibrosis (Mishra et al., 2021).

This explains why some patients continue to experience complications despite achieving
glycemic control later in life. Understanding these molecular mechanisms provides insight into

novel therapeutic targets aimed at reversing epigenetic damage.

The cumulative impact of the above mechanisms manifests in both microvascular and
macrovascular complications.
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e Diabetic Retinopathy: Chronic hyperglycemia and oxidative stress damage retinal
capillaries, leading to microaneurysms, hemorrhages, and neovascularization. Vascular
endothelial growth factor (VEGF) overexpression is a key driver (Antonetti et al., 2021).

e Diabetic Nephropathy: Hyperfiltration, glomerular basement membrane thickening,
and podocyte loss culminate in albuminuria and chronic kidney disease. AGEs and TGF-
B play central roles.

o Diabetic Neuropathy: Axonal degeneration results from ischemia, oxidative injury, and
sorbitol accumulation in the polyol pathway, causing sensory loss and pain.

e Cardiovascular Disease: Endothelial dysfunction and lipid dysregulation promote
atherogenesis, plaque instability, and thrombosis, accounting for the majority of
diabetes-related deaths (Low Wang et al., 2016).

The interplay between metabolic derangements, vascular damage, and chronic inflammation
forms a vicious cycle that accelerates the progression of diabetic complications. Each
mechanism—oxidative stress, AGEs, inflammation, and endothelial dysfunction—amplifies the
others, creating a self-perpetuating loop of cellular damage.

A comprehensive understanding of these mechanisms is essential for designing targeted
preventive and therapeutic strategies that move beyond glucose control to address the root
molecular causes of diabetes-related organ injury.

Prevention and Management Strategies

The prevention and management of diabetic complications rely on a multifactorial approach
that integrates glycemic control, lifestyle interventions, pharmacological therapy, patient
education, and technological innovation. Since diabetic complications stem from chronic
metabolic and vascular dysregulation, prevention must address both the root causes
(hyperglycemia, inflammation, oxidative stress) and the systemic consequences (endothelial
dysfunction, organ damage). Effective management strategies thus combine early detection,
continuous monitoring, and personalized treatment to mitigate disease progression and enhance
quality of life.

Lifestyle modification remains the cornerstone of diabetes prevention and management.
Evidence consistently demonstrates that dietary optimization, physical activity, and weight
control are key determinants in reducing the onset and progression of diabetic complications
(Evert et al., 2020).

Adopting a Mediterranean diet, characterized by high intake of fruits, vegetables, whole grains,
and unsaturated fats, has been associated with improved glycemic control, lipid profiles, and
endothelial function. The low-glycemic-index diet and DASH (Dietary Approaches to Stop
Hypertension) pattern also contribute to reducing oxidative stress and blood pressure, crucial
for preventing nephropathy and retinopathy (Blaak et al., 2021). Patients are encouraged to limit
refined carbohydrates and processed foods while increasing dietary fiber and omega-3 fatty acids,
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which enhance insulin sensitivity and reduce inflammation.

Regular aerobic and resistance exercise improves insulin sensitivity, promotes vascular health,
and enhances mitochondrial function. Studies have shown that 150 minutes of moderate-
intensity exercise per week reduces HbAlc by approximately 0.7% and lowers the risk of
cardiovascular complications (Colberg et al., 2016). Additionally, structured exercise programs
decrease inflammatory cytokines such as TNF-a and IL-6, mitigating vascular injury.

Obesity is a major modifiable risk factor. Weight loss of even 5-10% significantly reduces
microalbuminuria and improves endothelial function (Look AHEAD Research Group, 2014).
Psychological stress and poor sleep patterns also exacerbate glycemic instability; hence, stress

reduction techniques—such as mindfulness, behavioral therapy, and adequate sleep—are
recommended.
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Figure 2. Integrated Model of Diabetes Complication Prevention

Pharmacological therapies aim not only to maintain glycemic targets but also to address
cardiovascular and renal protection through multi-mechanistic interventions.

Glycemic Control Agents:

e Metformin remains the first-line therapy due to its insulin-sensitizing and antioxidant
effects.

e SGLT?2 inhibitors (e.g., empagliflozin, dapagliflozin) have demonstrated renal and
cardiovascular protective effects beyond glucose lowering by reducing oxidative stress
and glomerular hyperfiltration (McGuire et al., 2021).
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e GLP-1 receptor agonists (c.g., liraglutide, semaglutide) enhance insulin secretion,
suppress appetite, and improve endothelial function, reducing atherothrombotic risk
(Marso et al., 2016).

Cardiovascular and Renal Protective Agents:

e ACE inhibitors and ARBs remain the mainstay for hypertension management in
diabetic nephropathy, preventing glomerulosclerosis.

o Statins lower LDL cholesterol and decrease macrovascular complications by stabilizing
plaques and improving endothelial integrity (Collins et al., 2016).

e Aspirin is used selectively for secondary prevention in high-risk diabetic patients to
reduce thrombotic events.

Emerging therapies target oxidative stress and inflammation directly. Alpha-lipoic acid, vitamin
E, and curcumin have shown beneficial effects in reducing neuropathic pain and improving
vascular reactivity (Pop-Busui et al., 2017). Moreover, novel anti-inflammatory molecules
targeting IL-1P and TNF-a pathways are under investigation for long-term vascular protection.

Recent advances in digital medicine and artificial intelligence (AI) have transformed diabetes
care, enabling continuous monitoring and personalized interventions.

CGM systems provide real-time glucose trends, facilitating proactive adjustments in diet and
medication. When integrated with automated insulin pumps in a closed-loop system (“artificial
pancreas”), they significantly improve time-in-range glucose control and reduce hypoglycemia
risk (Battelino et al., 2019).

Telemedicine platforms enhance patient engagement, particularly in remote regions. Mobile
applications support self-management by tracking glucose levels, diet, and physical activity
while enabling remote consultations and education. Studies have shown a 15-20% reduction in
HbA1c among telehealth users (Almutairi et al., 2022).

Al algorithms can predict complication risk based on patient data patterns. For instance, deep-
learning models can detect early diabetic retinopathy from retinal images and predict
cardiovascular risk, improving early intervention outcomes (Abramoff et al., 2018).

Empowering patients through education is essential for sustained adherence and early detection
of complications. Structured programs—such as the Diabetes Self-Management Education
and Support (DSMES) framework—improve knowledge, self-efficacy, and treatment outcomes
(Chrvala et al., 2016).

Educational strategies include training patients to recognize early signs of neuropathy or

retinopathy, adhere to medication regimens, perform foot care, and adopt a balanced diet. Family
and community involvement further strengthen behavioral change.
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Given the complex nature of diabetes, a multidisciplinary care model integrating physicians,
nurses, dietitians, pharmacists, and psychologists is essential. Collaborative care has been
proven to reduce hospitalizations, improve glycemic control, and enhance patient satisfaction
(Powers et al., 2020).

In addition, community-based screening and primary care programs have shown success in early
detection of retinopathy and nephropathy, particularly in developing regions under national
transformation initiatives like Saudi Vision 2030, which emphasizes preventive healthcare and
digital transformation (Saudi Ministry of Health, 2023).

Recent research explores gene therapy, stem cell therapy, and microbiome modulation as
potential tools for preventing diabetes complications. Modifying gut microbiota composition has
demonstrated improvement in insulin resistance and systemic inflammation (Qin et al., 2022).
Furthermore, targeting epigenetic modifications associated with metabolic memory holds
promise in reversing long-term vascular damage.

The prevention and management of diabetic complications require a patient-centered, multi-
dimensional strategy. Combining metabolic control with vascular protection and lifestyle
optimization can delay or prevent complications. The integration of digital technologies and Al
offers opportunities for personalized, predictive, and preventive healthcare—shifting diabetes
management from reactive to proactive medicine.

Table 1. Summary of Evidence-Based Strategies for Preventing Diabetic Complications

Domain Key Strategies Mechanism of Action | Impact on | Key References
Complications
Lifestyle & Diet Mediterranean, Improve insulin | | Retinopathy, | Evert et al., 2020;
DASH, low-GI diets | sensitivity, reduce | nephropathy risk Blaak et al., 2021
oxidative stress
Physical Activity 150 min/week | Enhances glucose | | CVD, neuropathy | Colberg et al.,
aerobic + resistance uptake, reduces | progression 2016
inflammation
Pharmacologic Reduce Cardioprotective, | Macrovascular | McGuire et al.,
(SGLT2i, GLP- | hyperglycemia, nephroprotective complications 2021; Marso et
1RA) inflammation al., 2016

Antioxidant &
Anti-inflammatory

Alpha-lipoic  acid,
vitamin E, curcumin

Scavenge ROS, inhibit
cytokines

l Neuropathy,
endothelial
dysfunction

Pop-Busui et al.,
2017

Technology & Al

CGM, insulin pumps,

Early detection,

| HbAlc, improved

Battelino et al.,

telemedicine predictive monitoring adherence 2019; Abramoff
etal., 2018
Patient Education | DSMES  programs, | Enhances self-care, | | Hospitalization, | Chrvala et al.,
community initiatives | compliance improved QoL 2016
Integrated Care Multidisciplinary Holistic treatment | | Mortality, | Powers et al,
coordination approach improved outcomes | 2020
Discussion

The findings of this systematic review highlight the complex interplay of metabolic, vascular,
and inflammatory processes that drive the development of diabetic complications. Chronic
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hyperglycemia triggers a cascade of biochemical alterations—including oxidative stress,
inflammation, and endothelial dysfunction—that contribute to tissue injury in both microvascular
and macrovascular systems. Understanding these mechanisms provides the foundation for
designing more effective prevention and management strategies that go beyond glycemic control
to target the molecular and systemic determinants of diabetic complications.

Consistent with prior reviews (Forbes & Cooper, 2019; Giacco & Brownlee, 2019), the current
synthesis emphasizes that oxidative stress serves as a central unifying pathway in diabetes-
related damage. Hyperglycemia-induced overproduction of reactive oxygen species (ROS)
damages mitochondria, impairs nitric oxide signaling, and promotes the formation of advanced
glycation end-products (AGEs). These AGEs not only alter protein structure but also activate
receptor-mediated inflammatory cascades, further accelerating vascular injury. Consequently,
the persistent “metabolic memory” phenomenon—where prior hyperglycemia continues to exert
pathogenic effects despite later glycemic normalization—remains a major clinical challenge
(Mishra et al., 2021).

In clinical terms, microvascular complications such as nephropathy, neuropathy, and
retinopathy continue to account for substantial morbidity, particularly among long-term diabetic
patients. The reviewed studies confirm that early endothelial injury and microcirculatory
dysfunction are major contributors to these complications. Similarly, macrovascular
complications—including coronary artery disease and stroke—remain the leading causes of
mortality among diabetic populations (Low Wang et al, 2016). The overlapping
pathophysiological mechanisms suggest that preventive strategies targeting inflammation and
oxidative stress may offer broad benefits across both complication categories.

Importantly, the integration of lifestyle modification and pharmacological innovation has
emerged as the cornerstone of complication prevention. Evidence supports the role of dietary
interventions (e.g., Mediterranean and low-glycemic-index diets), regular physical activity, and
weight management in improving endothelial health and metabolic balance (Evert et al., 2020;
Blaak et al., 2021). These lifestyle factors, when coupled with modern drug regimens such as
SGLT?2 inhibitors and GLP-1 receptor agonists, significantly reduce cardiovascular and renal
events, representing a paradigm shift from glucose-centric to organ-protective therapy (McGuire
et al., 2021; Marso et al., 2016).

In addition, technological advancements have revolutionized diabetes management.
Continuous glucose monitoring (CGM), artificial pancreas systems, and telemedicine tools now
allow real-time data tracking, enabling personalized interventions and timely adjustments to
treatment (Battelino et al., 2019). Artificial intelligence (Al) applications have further enhanced
predictive analytics and early detection—such as automated retinal screening for diabetic
retinopathy—thereby improving preventive outcomes (Abramoff et al., 2018). These innovations
are particularly valuable in healthcare systems with limited specialist availability, aligning with
global digital health initiatives like Saudi Vision 2030, which prioritizes preventive care and
smart health solutions.

Beyond individual management, the review underscores the importance of multidisciplinary
and integrated care models. Diabetes is not solely an endocrine disorder but a systemic disease
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requiring collaboration among physicians, dietitians, nurses, and mental health professionals.
Evidence shows that coordinated care improves adherence, reduces hospitalizations, and
enhances patient satisfaction (Powers et al., 2020). Furthermore, patient education—through
structured programs such as the Diabetes Self-Management Education and Support (DSMES)
framework—plays a pivotal role in sustaining behavioral change and promoting self-efficacy
(Chrvala et al., 2016).

Despite these advances, challenges persist. Global disparities in healthcare access, affordability
of modern therapies, and patient literacy remain key barriers, particularly in low- and middle-
income settings. Moreover, while antioxidant and anti-inflammatory agents show promise in
experimental models, their long-term clinical benefits remain inconclusive, warranting further
randomized controlled trials. Another emerging area of interest is epigenetic therapy, which
could potentially reverse molecular imprints of metabolic memory, thereby offering new frontiers
in diabetes complication prevention (Mishra et al., 2021).

Taken together, this review reinforces that preventing diabetic complications requires a heolistic,
patient-centered approach. Effective prevention integrates biomedical innovation, lifestyle
optimization, digital health, and policy-level support. By combining molecular understanding
with personalized and population-level interventions, healthcare systems can move toward
achieving sustainable reductions in diabetic morbidity and mortality.

Conclusion

Diabetes mellitus remains a global health priority, not only for its growing prevalence but also
for its debilitating complications that affect nearly every organ system. This review highlights
that the progression of diabetic complications is primarily driven by interlinked mechanisms—
including oxidative stress, inflammation, endothelial dysfunction, mitochondrial damage,
and epigenetic alterations—which collectively contribute to both microvascular and
macrovascular injury.

Preventing these complications requires a multifaceted approach that combines metabolic
control with vascular protection and patient empowerment. Lifestyle interventions such as
healthy nutrition, regular exercise, and stress management form the foundation of prevention.
Meanwhile, modern pharmacological therapies—particularly SGLT?2 inhibitors and GLP-1
receptor agonists—have redefined the management paradigm by offering cardiovascular and
renal benefits beyond glycemic regulation.

Equally critical are technological innovations like continuous glucose monitoring, telemedicine,
and artificial intelligence, which enhance early detection and personalized care. Integration of
these tools within multidisciplinary and policy-driven frameworks, such as those promoted
under Saudi Vision 2030, can accelerate the transition toward preventive, data-driven healthcare.

Ultimately, combating diabetes complications requires not only controlling blood glucose but

also addressing the underlying molecular and systemic dysfunctions to achieve sustainable, long-
term health outcomes.
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