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1. Abstract 

Background. Cardiovascular diseases (CVDs) remain the leading cause of mortality 

worldwide. Dyslipidemia significantly contributes to atherosclerosis, endothelial dysfunction, 

and chronic vascular inflammation, increasing the risk of ischemic cerebral and cardiac events. 

Regular physical activity is a key component of cardiovascular prevention due to its beneficial 

effects on lipid metabolism and systemic inflammation. 

Aim. The study aimed to evaluate the impact of physical activity on lipid profile parameters 

and cardiovascular risk, with particular emphasis on the effects of aerobic, resistance, high-

intensity interval training (HIIT), and combined exercise models on LDL-C, HDL-C, and 

triglyceride levels. 

Materials and Methods. A narrative literature review was performed using PubMed and 

Google Scholar databases. The search included keywords such as “dyslipidemia,” “lipid 

profile,” “physical activity,” and “cardiovascular risk.” Original studies, randomized controlled 
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trials, systematic reviews, meta-analyses, and current clinical guidelines on cardiovascular 

prevention were analyzed. 

Results. Regular physical activity improves lipid profile by lowering LDL-C and triglyceride 

levels while increasing HDL-C concentration. Aerobic exercise is the most extensively studied 

modality in cardiovascular prevention and demonstrates significant cardioprotective effects. 

Resistance training improves insulin sensitivity and body composition, indirectly supporting 

lipid metabolism. HIIT induces rapid metabolic adaptations and may be an effective alternative 

for selected patients. Combined training integrates the benefits of aerobic and resistance 

exercise, providing comprehensive cardiovascular and metabolic effects. 

Conclusions. Regular physical activity, regardless of exercise type, plays a fundamental role 

in improving lipid profile and reducing cardiovascular risk. The greatest benefits are associated 

with combined training programs and regular moderate-intensity aerobic exercise. 

Keywords: dyslipidemia; physical activity; atherosclerosis; lipid profile; LDL-C; HDL-C; 

triglycerides; cardiovascular diseases; aerobic exercise; resistance training; HIIT; combined 

training; cardiovascular prevention; vascular inflammation. 

 

2. Introduction 

Cardiovascular events persistently represent the primary cause of mortality both in Poland and 

globally. More than four out of five deaths attributable to cardiovascular diseases (CVDs) result 

from myocardial infarctions and ischemic strokes (1), which most frequently arise from 

advanced atherogenesis. Advanced atherosclerosis ultimately leads to critical arterial stenosis, 

culminating in the ischemia of vital organs, predominantly the heart and the brain. 

In many instances, an acute myocardial infarction serves as the initial manifestation of coronary 

artery disease, thereby limiting the opportunities for timely therapeutic intervention and 

underscoring the critical importance of primary prevention. Because dyslipidemia plays a 

foundational role in the initiation and progression of atherosclerosis, managing the lipid 

profile—specifically targeting the reduction of low-density lipoprotein cholesterol (LDL-C)—

constitutes a primary therapeutic objective. 
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An elevated cardiovascular risk profile combined with lipid derangements invariably 

necessitates therapeutic lifestyle changes. The World Health Organization (WHO) provides 

specific guidelines regarding the duration and intensity of physical activity required to mitigate 

cardiovascular mortality. According to these recommendations, adults should engage in at least 

150–300 minutes of moderate-intensity aerobic physical activity, or at least 75–150 minutes of 

vigorous-intensity aerobic physical activity per week (2). Regular exercise has been 

demonstrated to significantly improve lipid parameters, leading to reductions in LDL-C and 

circulating triglycerides, alongside concomitant increases in high-density lipoprotein 

cholesterol (HDL-C) (3). 

Given the profound relationship between physical exertion and lipid metabolism, it is clinically 

essential to delineate which specific exercise modalities demonstrate the highest efficacy in 

optimizing the lipid profile, preventing dyslipidemia, and mitigating overall cardiovascular 

disease risk. 

3.  Materials and Methods 

To evaluate the impact of various physical activity modalities on the lipid profile and global 

cardiovascular risk, a narrative review of the scientific literature indexed in the PubMed and 

Google Scholar biomedical databases was performed. 

The search strategy relied on specific keyword sequences and their Boolean combinations. The 

following terms were utilized: "dyslipidemia", "lipid profile", "lipoproteins", "atherosclerosis", 

"physical activity", "exercise", "aerobic exercise", "resistance training", "high-intensity interval 

training" (HIIT), "combined training", "cardiovascular risk", and "vascular inflammation". 

The analysis included original research articles (including randomized controlled trials 

[RCTs]), prospective cohort studies, meta-analyses, systematic reviews, and current clinical 

guidelines or position statements issued by international scientific societies, with particular 

emphasis on the European Society of Cardiology (ESC) and the American Heart Association 

(AHA). The review focused on studies evaluating the physiological and pathophysiological 

mechanisms linking physical exercise to lipid metabolism, modifications in specific lipoprotein 

fractions (LDL-C, HDL-C, TG), and hard clinical endpoints (e.g., myocardial infarction, stroke, 

or cardiovascular mortality). 
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Regarding population criteria, the review considered studies involving sedentary adults, 

individuals with overweight or obesity, metabolic syndrome, or diagnosed dyslipidemia. 

Editorial articles, conference abstracts, single case reports, and studies with imprecise or 

unquantifiable training protocols were excluded from the analysis. Data extracting the type, 

intensity, duration, and frequency of the exercise interventions underwent a qualitative 

synthesis, enabling a rigorous comparison of the clinical efficacy of aerobic, anaerobic, interval, 

and combined exercise models in modulating the lipid profile and inhibiting atherogenesis. 

4.  Results 

4.1. Pathophysiology of Dyslipidemia and Atherosclerosis 

Dyslipidemia represents a cornerstone in the pathogenesis of atherosclerosis and subsequent 

cardiovascular diseases. It is characterized by abnormal plasma concentrations of lipids and 

lipoproteins, typically manifesting as elevated total cholesterol (TC), high LDL-C, elevated 

triglycerides (TG), reduced HDL-C, and aberrant levels of lipoprotein(a). Low-density 

lipoproteins (LDL), whose primary structural protein is apolipoprotein B (apoB), play a 

mandatory role in the development of the atheromatous plaque (4). 

The atherogenic process initiates with vascular endothelial dysfunction, which promotes 

increased endothelial permeability and the subsequent retention of apoB-containing 

lipoproteins within the subendothelial space. These trapped lipoproteins undergo subsequent 

chemical modifications, such as oxidation or glycation, which stimulate endothelial cell 

activation and initiate a localized inflammatory response (5). This is followed by the 

recruitment of immune cells, predominantly circulating monocytes, which differentiate into 

tissue macrophages. These macrophages internalize the modified lipoproteins via scavenger 

receptors, transforming into cholesterol-laden foam cells. Concurrently, pro-inflammatory 

signaling pathways are upregulated, amplifying the influx of additional immunocytes and 

further accelerating lipoprotein modification, thereby driving the progression of atherosclerotic 

lesions (6). 

Triglycerides and their carrier lipoproteins—namely chylomicrons, very-low-density 

lipoproteins (VLDL), and their respective remnants, including intermediate-density 

lipoproteins (IDL)—also contribute significantly to atherogenesis. These remnant particles can 

be directly taken up by macrophages to participate in foam cell formation, actively accelerating 

plaque expansion (7). 
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Conversely, high-density lipoproteins (HDL) represent another critical lipoprotein fraction; 

diminished HDL-C concentrations are strongly correlated with an increased incidence of 

cardiovascular events and accelerated atherosclerosis (8). HDLs exert a potent atheroprotective 

effect primarily via their role in reverse cholesterol transport (RCT). This mechanism mediates 

the clearance of excess cholesterol from peripheral cells and its subsequent transport back to 

the liver for excretion, thereby restricting foam cell formation and decelerating plaque 

progression. 

In summary, dyslipidemia promotes atherogenesis through complex, interconnected 

mechanisms encompassing lipid metabolic derangements and chronic vascular inflammation. 

Deciphering these pathways is fundamental to developing robust primary and secondary 

prevention strategies for cardiovascular disease. 

4.2. Mechanisms of Physical Activity in Modulating Lipid Profiles and Atherogenesis 

Physical activity directly mitigates vascular inflammation, the primary driving force behind 

atherogenesis. In physically active individuals, a threefold increase in the phosphorylation 

efficiency of endothelial nitric oxide synthase (eNOS) is observed. This upregulates the 

synthesis and bioavailability of nitric oxide (NO), inducing potent vasodilation. Additionally, 

regular exercise downregulates the systemic production and expression of pro-inflammatory 

cytokines. 

4.2.1. LDL-C 

Physically active cohorts exhibit reductions in circulating LDL-C, the primary substrate for 

atherosclerotic plaque architecture. One underlying molecular mechanism is the exercise-

induced downregulation of proprotein convertase subtilisin/kexin type 9 (PCSK9), an enzyme 

responsible for the endosomal degradation of hepatic LDL receptors. Mitigating PCSK9 

activity preserves a higher density of LDL receptors (LDL-R) on the surface of hepatocytes, 

enhancing the clearance of circulating LDL-C from the bloodstream and lowering its serum 

concentration (9). Furthermore, exercise-induced weight loss and reduction in adiposity 

synergistically optimize the lipid profile. It is estimated that a 10 kg reduction in body mass 

correlates with a total cholesterol reduction of approximately 0.23 mmol/L in certain 

populations (10). 
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4.2.2. HDL-C 

Depressed HDL levels compromise systemic anti-inflammatory capacity and impair reverse 

cholesterol transport (11, 12). Conversely, an elevation in HDL-C is one of the most consistent 

lipid alterations induced by chronic physical exercise. This mechanism is primarily driven by 

an upregulation of lipoprotein lipase (LPL) activity within skeletal muscle and adipose tissues. 

LPL catalyzes the hydrolysis of triglycerides within chylomicrons and VLDLs, prompting the 

net transfer of surface lipids and apolipoproteins onto HDL particles, thereby increasing their 

maturation, size, and circulating concentration (13). 

Additionally, physical activity modulates the activity of cholesteryl ester transfer protein 

(CETP). Regular exercise training has been shown to downregulate CETP activity, which 

inhibits the transfer of cholesteryl esters from HDL to VLDL and LDL, thus preserving higher 

plasma concentrations of cardioprotective HDL. Crucially, exercise augments reverse 

cholesterol transport (RCT) by upregulating the expression of ATP-binding cassette transporter 

A1 (ABCA1) in macrophages, facilitating the initial efflux of cholesterol from peripheral 

tissues to nascent HDL particles prior to hepatic clearance (14). 

4.2.3. Triglycerides 

The reduction of serum triglycerides (TG) via physical activity occurs through both acute post-

exercise responses—often observable after a single exercise bout—and chronic long-term 

adaptations. The primary mechanism is the aforementioned upregulation of LPL activity, which 

accelerates the catabolism of triglyceride-rich lipoproteins (VLDLs and chylomicrons) (15). 

Physical exertion markedly increases the metabolic demands of skeletal muscle, stimulating 

fatty acid beta-oxidation. Long-term training enhances systemic insulin sensitivity, which 

effectively suppresses lipolysis within adipose tissue and diminishes the flux of free fatty acids 

(FFAs) to the liver. Consequently, hepatic synthesis and secretion of VLDL particles are 

curtailed, directly reducing serum TG levels (16). Notably, the magnitude of triglyceride 

reduction correlates closely with total energy expenditure; a greater movement-induced caloric 

deficit yields a more pronounced decline in circulating TG. 
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4.3. Exercise Modalities and Specific Lipid Modulation 

Selecting an appropriate exercise model is essential for individualizing non-pharmacological 

cardiovascular therapy. Distinct exercise modalities utilize different predominant metabolic 

pathways, directly influencing their efficacy in modifying specific lipoprotein fractions. 

4.3.1. Aerobic Exercise 

Aerobic exercise, characterized by sustained physical effort involving large muscle groups at a 

constant intensity (e.g., brisk walking, running, swimming, cycling), represents the most 

comprehensively validated modality in cardiovascular prevention. Meta-analyses of clinical 

trials demonstrate that total training volume (total energy expenditure) is the primary parameter 

governing lipid profile improvements. Regular aerobic training typically yields a significant 

increase in HDL-C concentrations (averaging 3–10%) and a concurrent reduction in TG levels 

(ranging from 5–20%) (17). Regarding LDL-C, aerobic exercise shifts the particle distribution 

toward larger, less atherogenic, buoyant LDL molecules (large buoyant LDL). This 

significantly diminishes their propensity to accumulate in the subendothelial space, even when 

absolute quantitative changes in total LDL-C concentrations are modest (18). 

4.3.2. Resistance Training 

Historically, resistance (strength) training was less frequently prescribed for dyslipidemia 

management; however, contemporary evidence underscores its distinct metabolic advantages. 

This modality enhances vascular compliance and myocardial performance through structural 

muscular and hemodynamic adaptations (19). The primary driving mechanism is the accretion 

of lean body mass (LBM), which elevates the basal metabolic rate (BMR) and augments resting 

fatty acid oxidation. Furthermore, resistance training stimulates the translocation of glucose 

transporter type 4 (GLUT-4) receptors within skeletal muscle, enhancing insulin sensitivity and 

reducing the substrates required for hepatic VLDL assembly (20). 

4.3.3. High-Intensity Interval Training (HIIT) 

High-Intensity Interval Training (HIIT) has emerged as an efficient therapeutic alternative, 

particularly for time-constrained populations. It involves brief bursts of near-maximal exertion 

(85–95% of maximal heart rate, HRmax) interspersed with periods of active recovery. 
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Comparative trials suggest that HIIT may induce more rapid and pronounced reductions in 

triglyceride concentrations than traditional moderate-intensity continuous training (MICT), a 

phenomenon attributed to the robust acute surge of lipolytic hormones, specifically 

catecholamines and growth hormone (21). HIIT also exerts a powerful beneficial effect on 

arterial stiffness and cardiorespiratory fitness, rendering it a highly effective tool for lowering 

global cardiovascular risk in patients free of cardiac contraindications. 

4.3.4. Combined Training 

The latest clinical guidelines from the European Society of Cardiology (ESC) and the American 

Heart Association (AHA) recommend combined training as the optimal therapeutic model. The 

synergy between aerobic and resistance exercise allows patients to simultaneously maximize 

cardiorespiratory fitness and optimize body composition. This dual approach demonstrates the 

highest efficacy in reducing visceral adipose tissue, which is metabolically active and directly 

implicated in the pathogenesis of dyslipidemia and vascular inflammation (22). 

5.  Discussion 

Physical activity represents a foundational recommendation for patients at elevated 

cardiovascular risk. Exercise-induced reductions in body weight and adiposity consistently 

optimize lipid metabolism, ultimately preventing or retarding atherogenesis (22, 23). Among 

the analyzed exercise modalities, aerobic training appears to be the most preferred for primary 

and secondary CVD prevention. Its superiority in modulating the lipid profile stems primarily 

from its reliance on oxidative metabolism and fatty acid oxidation. It effectively improves 

plasma lipid concentrations and favorably modifies LDL particle size in overweight and obese 

cohorts. 

Conversely, resistance training exerts distinct metabolic actions by enhancing insulin 

sensitivity, expanding lean body mass, and escalating resting energy expenditure (24). 

High-Intensity Interval Training (HIIT) has also been scrutinized for its lipid-lowering 

potential. Notably, one meta-analysis reported that HIIT outperformed MICT in lowering LDL-

C and total cholesterol (TC) within a cohort of young overweight or obese adults, though it 

demonstrated no significant impact on HDL-C or TG levels (25). However, the demanding 

nature of HIIT may limit its clinical utility and adherence in patients with extensive 

comorbidities or low exercise tolerance. 
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An expanding body of evidence highlights the clinical utility of combined training, which 

merges aerobic and resistance exercise. Consequently, the highest efficacy in optimizing the 

global cardiovascular risk profile is currently attributed to either isolated aerobic training or a 

combined aerobic-resistance framework (26, 27). 

When interpreting these data, several study limitations must be considered. Many clinical 

interventions differed substantially regarding duration, intensity, and overall training volume, 

and several trials relied on small sample sizes. Furthermore, the explicit effects of physical 

activity are frequently confounded by concurrent dietary habits, pharmacological therapies, age, 

sex, and baseline fitness levels. These confounding variables preclude the formulation of a 

single, universal exercise prescription applicable to all clinical demographics. 

Table 1: Comparative Analysis of Exercise Modalities on the Lipid Profile and 

Cardiovascular Risk 

Exercise 

Modality 

Primary Mechanism Impact on Lipid Profile Clinical Advantages 

Aerobic 

Exercise 

Up-regulated fatty acid 

oxidation and favorable 

modification of LDL 

particle buoyancy. 

Reduction in small dense 

LDL; lower TG; elevation 

of HDL-C. 

Most thoroughly 

documented and 

validated modality. 

Resistance 

Training 

Accretion of lean body 

mass; enhancement of 

peripheral insulin 

sensitivity. 

Enhanced resting lipid 

oxidation; reduction of 

substrate availability for 

hepatic VLDL synthesis. 

 

Direct metabolic 

benefits; favorable 

restructuring of body 

composition. 
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High 

Intensity 

Interval 

Training 

(HIIT) 

Acute, robust surge of 

lipolytic hormones 

(catecholamines, growth 

hormone). 

 

Reductions in LDL-C and 

TC; no significant impact 

on HDL-C and TG levels. 

 

Rapid metabolic 

adaptations; highly 

time-efficient. 

 

Combined 

Training 

Synergistic integration 

of metabolic, muscular, 

and hemodynamic 

adaptations. 

 

Most profound impact on 

the global lipid profile and 

visceral fat reduction. 

 

Optimal model per 

ESC/AHA 

guidelines; 

comprehensive CV 

risk reduction. 

 

6.  Conclusions 

Based on this comprehensive literature review, the mandatory role of physical activity in the 

prevention and management of dyslipidemia is confirmed. It serves as the primary non-

pharmacological intervention capable of optimizing the lipid profile, inducing weight loss, and 

fostering favorable cardiovascular adaptations, which collectively translate into reduced 

cardiovascular risk. Data examining the incidence of atherosclerotic complications in 

physically active versus sedentary cohorts unequivocally support an active lifestyle. 

Specifically, regular physical activity correlates with an approximate 27% reduction in stroke 

risk (28) and a 10–20% reduction in coronary artery disease incidence compared to sedentary 

individuals (28). Ultimately, a combined exercise model integrating aerobic and resistance 

training, or sustained, moderate-intensity continuous aerobic exercise, represents the most 

effective lifestyle strategy for the prevention of cardiovascular diseases. 
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