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Abstract
Background: Cardiovascular diseases (CVD) remain the leading cause of mortality worldwide, primarily driven by atherosclerosis. Dyslipidemia, characterized by elevated atherogenic lipoproteins, represents a key modifiable risk factor in both primary and secondary prevention. 
Objective: This narrative review synthesizes current evidence on the integrative management of dyslipidemia, emphasizing the combined role of lifestyle modifications: physical activity, dietary patterns, weight management and established and emerging pharmacological therapies. 
Methods: A narrative review of European Society of Cardiology (ESC) and European Atherosclerosis Society (EAS) guidelines, as well as peer-reviewed literature, was conducted. The analysis focused on lipid metabolism, nutritional strategies, physical activity, and lipid-lowering therapies ranging from statins to novel siRNA-based agents. 
Results: Lifestyle interventions are the foundation of cardiovascular prevention. Regular physical activity (150–300 min/week) and weight reduction in obesity lead to meaningful improvements in lipid profiles. Dietary modifications, particularly reducing saturated fats and improving fat quality, contribute to lowering LDL-C and triglyceride levels. In patients at high or very high cardiovascular risk, lifestyle measures alone are frequently insufficient, necessitating pharmacotherapy, primarily statins, with add-on agents such as ezetimibe, PCSK9 inhibitors, or inclisiran to achieve lipid targets.
Conclusion: A comprehensive strategy integrating sustained lifestyle modification with intensified pharmacotherapy provides the greatest reduction in CVD risk. Understanding the synergistic effects of these interventions may improve long-term adherence and overall treatment effectiveness.
Keywords: Cardiovascular disease; Dyslipidemia; Lifestyle modification; Pharmacotherapy; Physical activity; Mediterranean diet.



1. Introduction
Cardiovascular disease remains the leading cause of premature mortality and disability worldwide. Despite substantial advances in diagnostic and therapeutic strategies, the global burden of atherosclerotic cardiovascular disease (ASCVD) continues to rise, largely due to population aging and the persistent prevalence of modifiable risk factors [1,2]. Central to the pathophysiology of ASCVD is atherosclerosis, a chronic and progressive process characterized by lipid accumulation within the arterial wall, endothelial dysfunction, and vascular inflammation [3].

The current metabolic health crisis is largely a result of the mismatch between our ancestral physiology and the sedentary nature of modern life. We still carry a biological stress response that was designed to flood the bloodstream with glucose and lipids to support physical exertion. However, because today’s stressors are primarily psychosocial, this energy often goes unused. These substrates remain in the circulation instead of being burned by muscles, which leads to the chronic hyperlipidemia and vascular damage seen in cardiovascular disease [4].
Among established cardiovascular risk factors, dyslipidemia plays a pivotal role in both the initiation and progression of atherosclerotic disease. Elevated concentrations of atherogenic lipoproteins promote plaque formation and increase the likelihood of plaque instability and rupture, leading to acute cardiovascular events [3,5]. Consequently, effective lipid management remains a cornerstone of both primary and secondary cardiovascular prevention strategies endorsed by international clinical guidelines [1,2]. While research confirms a satisfactory level of knowledge regarding cardiovascular prevention, its practical application remains a challenge. For instance, data show that high risk-factor awareness often coexists with poor lifestyle choices, such as high alcohol intake and elevated BMI [6]. These findings highlight the need for integrated strategies that focus on changing daily habits rather than just providing medical information.
Growing evidence indicates that optimal cardiovascular risk reduction requires an integrative approach combining sustained lifestyle modification with pharmacological lipid-lowering therapy when indicated. While lifestyle interventions exert broad cardiometabolic benefits, pharmacotherapy is often necessary to achieve guideline-recommended lipid targets in patients at moderate to very high cardiovascular risk. Understanding the complementary and synergistic effects of these strategies is therefore essential for effective long-term ASCVD prevention [1,7].
1.1 Dyslipidemia: Definitions and Pathophysiology
Dyslipidemia is defined as an imbalance in plasma lipid concentrations, manifesting as abnormal levels of triglycerides (TGs), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), or low-density lipoprotein cholesterol (LDL-C). Because lipids are hydrophobic molecules, their transport in plasma requires specialized carriers known as lipoproteins. These particles consist of a hydrophobic core of cholesterol esters and triglycerides, surrounded by a surface layer of phospholipids, free cholesterol, and apolipoproteins [8].
Apolipoproteins play a crucial role in maintaining lipoprotein structure and regulating receptor-mediated uptake and enzymatic metabolism. Based on density and composition, lipoproteins are classified into several categories, including chylomicrons, very-low-density lipoproteins (VLDL), intermediate-density lipoproteins (IDL), low-density lipoproteins (LDL), and high-density lipoproteins (HDL). Among these, apolipoprotein B (ApoB)-containing lipoproteins—such as chylomicron remnants, VLDL, IDL, LDL, and lipoprotein(a) [Lp(a)]—are directly implicated in atherogenesis. In contrast, HDL particles exert protective effects by facilitating reverse cholesterol transport and exerting anti-inflammatory properties [1,9].
The etiology of dyslipidemia is multifactorial. Primary dyslipidemias arise from genetic defects affecting lipid metabolism, while secondary dyslipidemias result from lifestyle factors, metabolic disorders, or comorbid conditions. Frequently, both mechanisms coexist [10]. A common phenotype observed in individuals with obesity is atherogenic dyslipidemia, characterized by elevated triglyceride levels, reduced HDL-C concentrations, and a predominance of small, dense LDL particles. This lipid triad is strongly associated with insulin resistance and increased ASCVD risk [11].
Atherosclerosis develops when ApoB-containing lipoproteins penetrate the endothelial barrier and become retained within the arterial intima, particularly in regions of disturbed laminar blood flow. Subsequent oxidative modification and inflammatory activation promote foam cell formation and plaque development. Importantly, cumulative lifetime exposure to these atherogenic particles is a key determinant of plaque burden, underscoring the importance of early and sustained lipid-lowering interventions [3,5].
2. Methodology
This article is a narrative review synthesizing evidence related to cardiovascular risk reduction and dyslipidemia management. The literature selection was based on current European clinical guidelines, including the 2019 ESC/EAS Guidelines for the management of dyslipidemias and the 2021 ESC Guidelines on cardiovascular disease prevention, as well as peer-reviewed narrative and systematic reviews cited in the reference list.
Publications addressing lipid metabolism, physical activity, dietary interventions, obesity, and lipid-lowering pharmacotherapy were analyzed. The review focuses on three principal therapeutic domains: lifestyle modification (physical activity, nutrition, and weight management) and pharmacological lipid-lowering strategies. Due to the narrative design of this study, a systematic evaluation of bias was not within the scope of this review.

3. Results
3.1 Lifestyle Interventions
Lifestyle interventions remain the primary strategy for reducing cardiovascular risk and managing dyslipidemia. These interventions target multiple metabolic pathways and provide benefits that extend beyond lipid control.
Physical Activity 
Physical activity plays a crucial role in reducing cardiovascular risk by improving lipid profiles, insulin sensitivity, and weight control [12]. Mechanistically, exercise increases the activity of lipoprotein lipase in skeletal muscle, which accelerates the clearance of triglyceride-rich lipoproteins from circulation [13].
Current guidelines recommend that adults engage in at least 150–300 minutes of moderate-intensity or 75–150 minutes of vigorous-intensity aerobic activity per week, alongside muscle-strengthening activities twice weekly [2,14]. However, recent evidence highlights that reducing sedentary time is equally critical, and even short bouts of activity contribute to health gains [14]. Regarding training intensity, both High-Intensity Interval Training (HIIT) and moderate-intensity training have shown specific benefits in raising HDL-C and modifying atherogenic LDL subfractions [12]. Modern research confirms that following these exercise guidelines provides wide-ranging benefits for cardiometabolic health, proving that physical activity is a fundamental pillar of long-term prevention [15].
Weight Management
Weight regulation is a critical component of cardiovascular prevention. Weight reduction is recommended for individuals with obesity (body mass index 30 kg/m² or more) and for overweight individuals (body mass index 25–29.9 kg/m²) who present with additional cardiovascular risk factors. Sustained weight loss leads to improvements in triglyceride levels, HDL-C concentrations, and insulin sensitivity, thereby reducing overall ASCVD risk [7].
In selected patients with severe obesity or obesity-related comorbidities, pharmacological therapy or bariatric surgery may further improve metabolic parameters and lipid profiles. These interventions should be considered as part of a comprehensive, individualized treatment strategy [16].
Dietary modification plays a central role in lipid management. Among recommended dietary patterns, the Mediterranean diet has consistently demonstrated favorable cardiovascular effects. This approach emphasizes plant-based foods, whole grains, olive oil as the primary fat source, and moderate consumption of fish, and is associated with improved lipid profiles and reduced cardiovascular events [17]. Similarly, the DASH (Dietary Approaches to Stop Hypertension) diet exerts beneficial cardiometabolic effects. Adherence to this pattern supports blood pressure reduction and lipid improvements [18]. A key component of cardiovascular protection is sodium restriction. Evidence supports limiting sodium consumption to less than 2 g per day to reduce blood pressure, a significant precursor to stroke and heart failure [19].
The quality of dietary fat is critical. Replacing Saturated Fatty Acids (SAFA) with Monounsaturated (MUFA) and Polyunsaturated (PUFA) fatty acids significantly reduces cardiovascular risk. Supplementation with omega-3 fatty acids (EPA and DHA) at doses of 2–4 g per day can reduce triglyceride levels by 10–50%. Additionally, plant sterols (approx. 2 g/day) compete with intestinal cholesterol absorption, lowering LDL-C by 6–12% [20,21].
Alcohol Consumption 
The effects of alcohol consumption on cardiovascular health are multifaceted. While light to moderate intake may be associated with slightly higher HDL-C levels, these potential benefits are often outweighed by adverse metabolic effects, particularly elevated triglycerides and hypertension. Evidence indicates that habitual alcohol consumption significantly worsens the overall lipid profile, especially in individuals with diabetes or existing hypertension. Consequently, current guidelines caution against initiating alcohol consumption for perceived health benefits and recommend limiting or avoiding intake as part of a comprehensive lipid-lowering strategy [22,23].





Table 1. Summary of integrative recommendations for cardiovascular risk reduction based on reviewed guidelines.
	Lifestyle intervention
	Primary effects on cardiovascular risk
	Suggested Pharmacological Synergy

	Physical activity (150-300 min/week)
	↓ LDL-C, ↓ triglycerides, 
↑ HDL-C, ↓ blood pressure
	Supports statins by improving TG and HDL-C levels.

	Weight loss (5–10%)
	↓ LDL-C, ↓ triglycerides, 
↓ blood pressure, ↓ insulin resistance
	Optimizes the body's response to lipid-lowering drugs.

	Mediterranean diet
	↓ cardiovascular events, 
↓ inflammation, improved lipid profile
	Works with statins to reach LDL-C goals more effectively.

	Sodium reduction (<2g/day)
	↓ blood pressure
	Directly assists the effects of antihypertensive medications.

	Alcohol moderation
	↓ cardiovascular risk 
↓ hypertension and arrhythmia risk
	Prevents TG spikes and hypertension during treatment.


3.2 Pharmacotherapy
The management of dyslipidemia follows a stepwise escalation pathway. Lifestyle modifications serve as the therapeutic foundation, with pharmacological therapies added and intensified only when lifestyle changes alone are insufficient to reach guideline-recommended lipid targets. This integrated approach ensures that both strategies work synergistically to provide the greatest reduction in cardiovascular risk. 
Statins
Statins remain the first-line pharmacological therapy for dyslipidemia management. By inhibiting HMG-CoA reductase, statins reduce hepatic cholesterol synthesis and upregulate LDL receptors on hepatocytes, thereby enhancing LDL-C clearance from the circulation. A reduction in LDL-C of 1 mmol/L is associated with an approximately 21% reduction in major cardiovascular events [24].
High-intensity statin therapy is recommended for patients at high or very high cardiovascular risk. Statins are generally well tolerated; however, adverse effects such as statin-associated muscle symptoms may occur in a subset of patients. A small increase in the risk of new-onset diabetes has also been observed, particularly in individuals with predisposing factors [25].
Fibrates
Fibrates primarily target triglyceride metabolism and can reduce triglyceride levels by 25–50%, with modest increases in HDL-C. Their effect on LDL-C is variable. The principal clinical indication for fibrate therapy is the prevention of pancreatitis in patients with severe hypertriglyceridemia, often in combination with omega-3 fatty acids [21].
PCSK9-Targeted Therapies
Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors represent a significant advancement in lipid-lowering therapy. Monoclonal antibodies targeting PCSK9 reduce LDL-C, ApoB, and Lp(a) levels by preventing LDL receptor degradation. Despite their high efficacy, widespread use is limited by cost and access considerations [8,26].
Inclisiran, a small interfering RNA-based therapy, inhibits hepatic synthesis of PCSK9 and provides sustained LDL-C reduction with a twice-yearly dosing regimen. Clinical trials have demonstrated LDL-C reductions of approximately 50%, with a favorable safety profile [27,28].
Other Lipid-Lowering Agents
Ezetimibe reduces intestinal cholesterol absorption and is commonly used as add-on therapy to statins. Bempedoic acid provides an alternative for patients with statin intolerance by inhibiting cholesterol synthesis upstream of HMG-CoA reductase. Niacin, although effective in lowering triglycerides and Lp(a), is used less frequently due to adverse metabolic effects, including insulin resistance [8,26].
4. Discussion
Current evidence supports a hierarchical approach to dyslipidemia management. Lifestyle modification forms the therapeutic foundation, while pharmacological therapy provides necessary intensification in patients at increased cardiovascular risk. Importantly, lifestyle measures enhance the effectiveness of lipid-lowering drugs, particularly for triglyceride reduction and HDL-C modulation, which are less responsive to statins alone [14].
In physically active individuals, the management of dyslipidemia presents unique challenges. Statin-associated muscle symptoms may be difficult to distinguish from exercise-induced muscle discomfort, increasing the risk of unnecessary treatment discontinuation. A critical component in managing these patients is the recognition of the nocebo effect, where a patient’s negative expectations contribute to the perception of muscle pain. Implementing a step-by-step diagnosis to differentiate between true pharmacological intolerance and nocebo-driven symptoms is essential for clinicians to avoid premature cessation of therapy . In such cases, alternative lipid-lowering strategies or structured re-challenges may help maintain cardiovascular protection without compromising physical activity levels [25,28].
Beyond lipid control, lifestyle interventions exert pleiotropic benefits. Evidence indicates that these interventions play a critical role in the prevention of hypertension and may contribute to the preservation of cognitive function, reinforcing the importance of an integrated, lifelong preventive strategy [16]. Moreover, physical activity is a vital element in the prevention and treatment of depressive disorders, which often coexist with cardiovascular diseases, highlighting the need for a holistic approach to patient health [29]. 
5. Conclusion
In conclusion, pharmacological therapy is only one component of dyslipidemia management. The most significant and sustainable improvements in cardiometabolic health stem from the synergistic effect of combining key lifestyle habits. Dietary patterns such as the Mediterranean and DASH diets, characterized by high intake of whole foods, fiber, and unsaturated fats, lead to demonstrable improvements in LDL-C, triglycerides, and blood pressure [17,18]. Regular physical activity further supports this by increasing HDL-C and reducing insulin resistance, with benefits confirmed across diverse age groups [12,14].
Improving long-term adherence requires a more personal approach. Simplifying treatment is a key step. For example, using long-acting drugs like inclisiran, which only requires two doses a year, greatly reduces the number of pills a patient needs to take daily. Lifestyle advice should also be easier to follow. It helps to emphasize that even short bursts of activity or avoiding a sedentary lifestyle provide real health benefits. Finally, educating patients about the nocebo effect is vital to prevent them from stopping life-saving therapies unnecessarily. While these lifestyle modifications form the foundation for cardiovascular risk reduction, future efforts must focus on overcoming the major challenge of long-term adherence. Developing personalized strategies that facilitate the practical implementation of these habits is essential to translate clinical evidence into sustained public health benefits [1,2].
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