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Abstract

Endurance running is one of the most popular forms of physical activity, influencing many

aspects of health, including lipid metabolism. Regular endurance exercise positively affects

the lipid profile, which plays a key role in preventing cardiovascular diseases (CVD).

Dyslipidemia, characterized by abnormal levels of cholesterol and triglycerides, is a

significant risk factor for the development of these diseases.
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The purpose of this study is to analyze the impact of endurance running on the lipid profile of

amateur and professional athletes, considering the differences in metabolic adaptations

resulting from training intensity and lifestyle.

A review of the available literature was conducted by searching official databases such as

Pubmed and Google Scholar using the following keywords: dyslipidemia, endurance running,

cardiovascular, lipoprotein lipase.

The results indicate that regular endurance running enhances LPL activity, fatty acid oxidation,

and cholesterol transport. Both moderate and high-intensity training lower LDL-C and

triglycerides, while raising HDL-C. Lipid responses vary between amateur and professional

athletes due to differences in training and lifestyle. Overall, endurance running with a healthy

lifestyle effectively improves lipid profiles and reduces cardiovascular risk.

Keywords: dyslipidemia; endurance running; cardiovascular; lipoprotein lipase

1. Introduction

Cardiovascular diseases (CVD) remain the foremost cause of death globally, accounting for

nearly 18 million deaths annually [1]. Among the many risk factors contributing to CVD,

dyslipidemia holds a pivotal role in the initiation and progression of atherosclerosis [2].

Dyslipidemia is characterized by abnormal concentrations of plasma lipids, including elevated

total cholesterol (TC), LDL-C, and triglycerides (TG), along with decreased HDL-C. This

lipid imbalance promotes endothelial dysfunction, plaque formation, and ultimately leads to

ischemic events such as myocardial infarction and stroke [3].

Pharmacological therapies targeting lipid abnormalities, such as statins, have proven effective;

however, lifestyle modifications including diet and physical activity remain foundational in
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prevention and management strategies [4]. Endurance running is a form of aerobic exercise

involving sustained, rhythmic physical activity that enhances cardiovascular fitness and

metabolic health. It has been extensively studied for its favorable impact on lipid metabolism

and overall cardiovascular risk reduction [5].

Despite widespread acknowledgment of the benefits of endurance running, variability exists

in individual lipid responses, influenced by training volume, intensity, genetic predisposition,

and baseline health status. Additionally, differences in adaptations between amateur and

professional runners may further complicate generalizations. This review synthesizes existing

research, emphasizing mechanisms of lipid modulation via endurance running, and contrasts

effects observed in different athlete populations [6].

2. Epidemiology of Dyslipidemia and Cardiovascular Risk

Dyslipidemia is a global health problem with prevalence estimates exceeding 40% in adult

populations of developed countries. Elevated LDL-C and TG levels are strongly correlated

with increased cardiovascular risk, while HDL-C is inversely related to disease incidence.

According to the American College of Cardiology/American Heart Association (ACC/AHA)

guidelines, optimal lipid targets include LDL-C below 100 mg/dL and HDL-C above 40

mg/dL for men and 50 mg/dL for women to minimize atherosclerotic risk [2,3,7].

Sedentary lifestyle significantly contributes to lipid abnormalities. Data indicate that physical

inactivity is responsible for an estimated 10% of coronary heart disease cases worldwide.

Conversely, regular physical activity improves lipid metabolism and reduces cardiovascular

morbidity and mortality [4].

3. Physiological Adaptations to Endurance Running

Endurance running induces a multitude of physiological adaptations that collectively

contribute to improved lipid profiles and cardiovascular health. Cardiovascular adaptations

include increased maximal oxygen uptake (VO2max), stroke volume, and capillary density in

skeletal muscle, enhancing oxygen delivery and utilization. These changes optimize substrate

metabolism, favoring increased fatty acid oxidation during prolonged exercise [8,9]. On a

molecular level, endurance training upregulates enzymes involved in lipid metabolism.

Lipoprotein lipase (LPL), critical for hydrolyzing circulating TG into free fatty acids (FFA), is

increased in skeletal muscles of trained individuals, facilitating enhanced TG clearance [10].
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The activity of hepatic LDL receptors is also upregulated, promoting clearance of LDL-C

from circulation [11]. Moreover, endurance running positively affects HDL-C by enhancing

production of apolipoprotein A-I, a major structural protein of HDL particles, thereby

promoting reverse cholesterol transport (RCT) — the process by which cholesterol is

removed from peripheral tissues to the liver for excretion [12].

4. Mechanisms of Lipid Profile Modulation through Endurance Running

4.1 Lipoprotein Lipase (LPL) Activation

Lipoprotein Lipase hydrolyzes TG-rich lipoproteins such as very low-density lipoproteins

(VLDL) and chylomicrons, releasing FFA for muscle uptake and oxidation. Endurance

training increases LPL gene expression and enzymatic activity, primarily in skeletal muscles,

which accelerates TG clearance and reduces plasma TG concentrations. Exercise intensity and

duration modulate the extent of LPL activation, with moderate to high intensity exercise

producing greater effects [10,13].

4.2 Elevation of High-Density Lipoprotein Cholesterol (HDL-C)

Exercise-induced increases in HDL-C are well documented. Enhanced HDL production

results from increased apolipoprotein A-I synthesis and improved efficiency of RCT. HDL

particles also possess antioxidant and anti-inflammatory properties, contributing to

atheroprotection. Regular endurance running can increase HDL-C by 5-10%, with effects

being dose-dependent [5,12,14].

4.3 Reduction of Low-Density Lipoprotein Cholesterol (LDL-C)

LDL-C reduction following endurance exercise is mediated by increased LDL receptor

expression in the liver, facilitating enhanced clearance from plasma. Exercise also reduces

hepatic synthesis of VLDL, precursor to LDL, thereby lowering LDL particle concentrations.
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However, the magnitude of LDL-C reduction varies and is generally more modest compared

to HDL-C increases [11,13].

4.4 Triglyceride (TG) Reduction

Endurance exercise promotes utilization of TG as an energy substrate during prolonged

activity, decreasing circulating TG levels. Increased LPL activity and improved mitochondrial

function enhance TG clearance. Studies have demonstrated reductions in fasting TG levels by

15-20% following structured aerobic training programs [13,14].

4.5 Anti-inflammatory and Antioxidant Effects

Chronic inflammation contributes to dyslipidemia and atherogenesis. Endurance running

decreases pro-inflammatory cytokines (e.g., TNF-α, IL-6) and increases anti-inflammatory

markers such as adiponectin. Reduced systemic inflammation improves endothelial function

and lipid metabolism. Additionally, regular training enhances antioxidant defenses, mitigating

oxidative modification of lipoproteins [15].

5. Comparative Effects in Amateur vs. Professional Runners

The lipid profile response to endurance running differs significantly between amateur and

professional athletes, primarily due to variations in training volume, intensity, duration, and

physiological adaptations. Understanding these differences is essential to tailor training

recommendations and optimize cardiovascular health outcomes in different populations.

5.1 Training Volume and Intensity

Professional runners typically engage in high-volume training programs, often exceeding 100

kilometers per week, incorporating a mix of long runs, tempo workouts, interval training, and

recovery runs. This substantial training load induces pronounced cardiovascular and

metabolic adaptations, including enhanced lipid metabolism. In contrast, amateur runners

generally train between 20 to 50 kilometers per week, with less structured intensity and

variability [6,16]. Studies indicate that increased training volume correlates positively with

higher HDL-C levels and lower LDL-C and triglyceride concentrations [17]. It has been

demonstrated that elite runners had HDL-C levels approximately 15% higher than sedentary
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controls, while recreational runners demonstrated intermediate increases. This gradient

suggests a dose-response relationship between training load and lipid improvements [18].

5.2 Physiological Differences

The enhanced lipid profile observed in professional athletes is partly due to superior

mitochondrial density, greater oxidative enzyme activity, and increased capillarization within

skeletal muscle, all of which improve fatty acid oxidation. Furthermore, professional runners

exhibit elevated lipoprotein lipase (LPL) activity, facilitating more efficient triglyceride

clearance from circulation [9,13]. However, excessive training intensity and volume without

adequate recovery in professionals can lead to transient elevations in oxidative stress and

inflammatory markers, which may temporarily blunt beneficial lipid effects. This highlights

the importance of periodization and recovery strategies even among elite athletes [19].

5.3 Impact of Age and Gender

Age and gender modulate lipid responses to endurance running. Women typically have higher

baseline HDL-C levels and may experience smaller relative increases with training compared

to men [12]. Aging is associated with reduced maximal oxygen uptake (VO2max) and altered

lipid metabolism, potentially attenuating training-induced lipid improvements Nevertheless,

sustained endurance training mitigates age-related declines and preserves favorable lipid

profiles in master athletes [17].

5.4 Psychological and Lifestyle Factors

Professional athletes often maintain strict dietary regimens, optimized sleep patterns, and

comprehensive recovery protocols that synergistically enhance lipid metabolism. Conversely,

amateurs may have less disciplined lifestyles, with dietary indiscretions and inconsistent sleep

potentially limiting training benefits on lipid profiles [6,20]. These lifestyle factors must be

considered when interpreting lipid data across different runner populations.

6. Training Protocols and Their Impact on Lipid Profiles

Exercise prescriptions designed to optimize lipid profile improvements through endurance

running encompass a range of training modalities, intensities, and durations. The selection and
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structuring of these training protocols are critical to maximize cardiovascular benefits while

minimizing risks of overtraining and injury.

6.1 Aerobic Continuous Training

Continuous aerobic training involves sustained running at a moderate intensity, typically

between 60-75% of maximal heart rate (HRmax), for durations ranging from 30 to 60 minutes

per session. This modality promotes improvements in VO2max, mitochondrial density, and

enzymatic activity associated with lipid metabolism. Several studies have demonstrated that

moderate-intensity continuous training effectively increases HDL-C by approximately 5-10%

and reduces triglycerides by 10-20%. These changes are dose-dependent; training volumes

exceeding 150 minutes per week elicit more pronounced effects [4,9,12,14].

6.2 High-Intensity Interval Training (HIIT)

HIIT alternates brief bouts of high-intensity running (85-95% HRmax) with recovery periods.

HIIT has gained popularity due to its time efficiency and potent cardiovascular adaptations

[21]. Recent meta-analyses report that HIIT can produce equal or greater improvements in

lipid profiles compared to continuous training [22]. Mechanistically, HIIT enhances

lipoprotein lipase activity and mitochondrial biogenesis more robustly than moderate

continuous exercise. Studies show HDL-C increases of 7-12% and reductions in LDL-C and

triglycerides by up to 15% following HIIT programs lasting 8-12 weeks [23,24].

6.3 Combined Training Protocols

Programs combining continuous moderate-intensity runs with HIIT sessions offer synergistic

benefits. For example, a weekly regimen including three continuous runs and two HIIT

workouts improves lipid metabolism more than either modality alone. This approach balances

cardiovascular endurance development with metabolic stress, optimizing enzyme activation

related to lipid clearance [25].

6.4 Training Volume and Frequency

The American Heart Association and American College of Sports Medicine recommend 150-

300 minutes per week of moderate-intensity aerobic activity or 75-150 minutes of vigorous
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activity to reduce cardiovascular risk. For lipid improvements, training at the higher end of

this range yields superior results. A minimum frequency of 3-5 sessions per week is optimal to

sustain enzymatic adaptations such as increased lipoprotein lipase activity and improved HDL

synthesis. Periodization involving incremental increases in weekly mileage with rest days to

prevent overtraining is essential [4,13].

6.5 Nutritional Considerations

Training effects on lipid profiles are modulated by dietary intake. Adequate carbohydrate

availability supports high-quality training sessions, while dietary fats influence circulating

lipid concentrations. Incorporation of omega-3 fatty acids, fiber-rich foods, and reduced

saturated fat intake synergize with training to improve lipid profiles [20,26].

7. Clinical Implications and Recommendations for Endurance Runners

The lipid profile improvements induced by endurance running carry significant clinical

relevance for cardiovascular disease (CVD) prevention and management. This section

outlines practical recommendations and considerations for athletes and clinicians.

7.1 Cardiovascular Risk Reduction

Elevated HDL-C and reduced LDL-C and triglycerides are well-established protective factors

against atherosclerosis and CVD [27]. Endurance running's capacity to favorably modify

these lipid parameters translates into reduced incidence of coronary artery disease, stroke, and

related morbidity [14]. Meta-analyses confirm that regular moderate to vigorous endurance

exercise reduces all-cause mortality by approximately 30% and CVD mortality by 35% [28].

For runners, this underscores the dual role of exercise for performance enhancement and long-

term health.

7.2 Personalized Training Guidelines

Given individual variability in lipid responses, training programs should be personalized.

Factors such as baseline fitness, age, gender, and genetic predispositions influence lipid

metabolism adaptations [29]. Clinicians should encourage incremental increases in running
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volume and intensity while monitoring lipid profiles periodically to assess efficacy.

Integration of nutrition counseling and behavioral support optimizes outcomes [4].

7.3 Potential Risks and Overtraining

While endurance running is largely beneficial, excessive training without adequate recovery

can induce transient dyslipidemia, increased oxidative stress, and immune suppression.

Monitoring for symptoms of overtraining syndrome and adjusting load accordingly is

essential [19].

7.4 Special Populations

Certain populations, including older adults, individuals with metabolic syndrome, and those

with familial hypercholesterolemia, require tailored exercise prescriptions. Combining

endurance running with dietary and pharmacologic interventions enhances lipid management

in these groups [30].

8. Future Directions and Research Gaps

Despite extensive research on endurance running and lipid metabolism, several key gaps

remain that warrant further investigation to optimize training protocols and clinical

applications. Emerging molecular techniques, such as transcriptomics and metabolomics,

offer promising avenues to uncover novel pathways through which endurance running

modulates lipid metabolism, while insights into genetic variability could help tailor

personalized exercise prescriptions. However, most existing studies are limited by their cross-

sectional or short-term design; longitudinal research tracking lipid profiles over years of

training is needed to clarify the sustainability of benefits and long-term health outcomes

[17,21]. Additionally, current evidence lacks diversity, with underrepresented populations—

including ethnic minorities, women, older adults, and individuals with comorbidities—

highlighting the need for more inclusive studies to improve the generalizability of exercise
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recommendations. Future research should also explore the interplay between endurance

running, dietary interventions, and lipid-lowering medications to identify synergistic effects

and refine treatment paradigms. Finally, technological advancements, such as wearable

devices and digital health platforms, could revolutionize real-time monitoring of training load,

metabolic markers, and recovery, though rigorous validation is required to integrate these

tools into individualized programming. Addressing these gaps will advance both scientific

understanding and practical applications in the field [20,26,29].

Conclusions

Endurance running has a beneficial effect on the lipid profile in both amateur and professional

athletes. Typical changes include an increase in HDL cholesterol and a decrease in LDL

cholesterol and triglycerides. These effects result from increased lipoprotein lipase activity,

improved fatty acid oxidation, and enhanced reverse cholesterol transport. The effectiveness

of these mechanisms depends on training volume, intensity, and duration. Due to higher

training loads, professional athletes achieve more pronounced metabolic adaptations; however,

excessive training without adequate recovery may temporarily reduce these benefits. Both

moderate-intensity continuous training and high-intensity interval training (HIIT) improve

lipid parameters, and combining them may produce synergistic effects. Training programs

should be tailored to individual characteristics such as age, sex, fitness level, and genetic

predisposition.

Clinical implications of this review suggest that endurance running should be an integral

component of dyslipidemia prevention and cardiovascular disease management. Given the

considerable interindividual variability in training responses, a personalized approach

considering risk factors and lifestyle is essential. Further research is needed, particularly long-

term cohort studies and investigations in underrepresented populations such as older adults,

women, and individuals with metabolic syndrome or chronic diseases. Future efforts should

also focus on integrating training, nutritional, and pharmacological data to develop

comprehensive strategies for optimizing lipid profiles and preventing cardiovascular diseases.
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