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Abstract 
Background: Cardiovascular endurance is a critical component of athletic 
performance, yet the optimal training methodology remains debated among sports 
scientists. This study examines the comparative effects of aerobic versus anaerobic 
training protocols on cardiovascular endurance parameters in college athletes. 
Methods: Sixty college athletes (aged 18-22 years) were randomly assigned to three 
groups: aerobic training (AT, n=20), anaerobic training (ANT, n=20), and control 
group (CG, n=20). The intervention lasted 12 weeks with pre- and post-training 
assessments of VO₂max, resting heart rate, blood pressure, and lactate threshold. 
Results: The AT group showed significant improvements in VO₂max (15.3% 
increase, p<0.001) and lactate threshold (12.7% increase, p<0.01). The ANT group 
demonstrated moderate improvements in VO₂max (8.2% increase, p<0.05) but 
superior anaerobic power gains. Both training groups showed significant reductions in 
resting heart rate compared to controls. 
Conclusion: Aerobic training protocols demonstrate superior efficacy for 
cardiovascular endurance enhancement in college athletes, though anaerobic training 
provides complementary benefits for overall athletic performance. 
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1. Introduction 

Cardiovascular endurance represents the ability of the heart, lungs, and circulatory system to supply oxygen and nutrients 

efficiently during prolonged physical activity. For college athletes across various sports disciplines, optimal cardiovascular 

fitness directly correlates with competitive performance and injury prevention capabilities. The ongoing debate in exercise 

physiology centers on determining the most effective training methodology to enhance cardiovascular endurance parameters. 

Traditional aerobic training emphasizes sustained, moderate-intensity exercise designed to improve oxygen delivery and 

utilization systems. Conversely, anaerobic training focuses on high-intensity, short-duration activities that primarily stress the 

phosphocreatine and glycolytic energy systems. Recent research suggests that both training modalities may contribute to 

cardiovascular adaptations, though through different physiological mechanisms. 

College athletes represent a unique population with specific training demands and time constraints. Understanding the 

comparative effectiveness of aerobic versus anaerobic training protocols in this demographic has significant implications for 

strength and conditioning professionals, athletic trainers, and sports medicine practitioners. This study addresses the gap in 

literature by directly comparing the effects of structured aerobic and anaerobic training programs on cardiovascular endurance 

markers in college athletes. 

 

Methods 

Participants 

Sixty healthy college athletes (30 males, 30 females) aged 18-22 years were recruited from various university sports teams 

including soccer, basketball, track and field, and swimming. Inclusion criteria required participants to have at least two years of 

competitive athletic experience and current enrollment in university athletic programs.  
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Exclusion criteria included cardiovascular disease, 

musculoskeletal injuries, and use of performance-enhancing 

substances. 

 

Study Design 

This randomized controlled trial employed a parallel-group 

design with three intervention arms. Participants were 

randomly allocated to aerobic training (AT), anaerobic 

training (ANT), or control group (CG) using computer-

generated randomization sequences. The study protocol was 

approved by the university's institutional review board, and 

all participants provided written informed consent. 

 

Training Protocols 

The aerobic training group performed 45-minute sessions, 

four times weekly, at 65-80% of heart rate reserve. Activities 

included running, cycling, and rowing with progressive 

intensity increases throughout the 12-week intervention. The 

anaerobic training group completed high-intensity interval 

training (HIIT) sessions three times weekly, consisting of 30-

second work intervals at 85-95% maximum heart rate with 

90-second recovery periods. The control group maintained 

their regular training routines without additional structured 

cardiovascular interventions. 

 

Outcome Measures 

Primary outcomes included maximal oxygen uptake 

(VO₂max) measured via graded exercise testing on a 

treadmill using indirect calorimetry. Secondary measures 

encompassed resting heart rate, blood pressure 

measurements, lactate threshold determination, and 

anaerobic power assessment through Wingate testing. All 

assessments were conducted pre- and post-intervention by 

trained exercise physiologists blinded to group allocation. 

 

Statistical Analysis 

Data analysis was performed using SPSS version 28.0. One-

way ANOVA was used to compare baseline characteristics 

between groups. Repeated measures ANOVA examined 

within-group changes over time, while between-group 

differences were assessed using ANCOVA with baseline 

values as covariates. Statistical significance was set at 

p<0.05. 

 

Results 

Baseline Characteristics 

No significant differences existed between groups at baseline 

for age, body mass index, training history, or cardiovascular 

parameters. The overall dropout rate was 6.7% (4 

participants) due to scheduling conflicts and minor injuries 

unrelated to the intervention. 

 

Cardiovascular Endurance Outcomes 

The aerobic training group demonstrated the most substantial 

improvements in cardiovascular endurance markers. 

VO₂max increased from 48.3±6.2 to 55.7±7.1 ml/kg/min, 

representing a 15.3% improvement (p<0.001). Lactate 

threshold improved from 3.2±0.4 to 3.6±0.5 mmol/L, 

indicating enhanced aerobic capacity (12.7% increase, 

p<0.01). 

The anaerobic training group showed moderate 

cardiovascular improvements with VO₂max increasing from 

47.8±5.9 to 51.7±6.4 ml/kg/min (8.2% improvement, 

p<0.05). However, this group demonstrated superior 

anaerobic power gains, with Wingate peak power increasing 

by 18.4% (p<0.001) compared to 6.2% in the aerobic group. 

Both training groups exhibited significant reductions in 

resting heart rate (AT: -8.3 bpm, ANT: -5.7 bpm) compared 

to controls (+1.2 bpm, p<0.001). Systolic blood pressure 

decreased in both intervention groups (AT: -4.2 mmHg, 

ANT: -2.8 mmHg) while remaining unchanged in controls. 

 

Secondary Findings 

Recovery heart rate following submaximal exercise 

improved significantly in the aerobic training group (23.4% 

faster recovery, p<0.01) compared to anaerobic training 

(14.8% improvement, p<0.05) and controls (3.1% 

improvement, NS). Stroke volume estimations showed 

greater increases in the aerobic group, suggesting enhanced 

cardiac efficiency. 

 

Discussion 

This study provides compelling evidence that aerobic training 

protocols demonstrate superior efficacy for enhancing 

cardiovascular endurance in college athletes. The 15.3% 

improvement in VO₂max observed in the aerobic training 

group aligns with previous research demonstrating the 

specificity principle of training adaptations. The sustained, 

moderate-intensity nature of aerobic exercise promotes 

enhanced mitochondrial biogenesis, capillary density, and 

cardiac output capacity. 

The moderate cardiovascular improvements observed in the 

anaerobic training group (8.2% VO₂max increase) suggest 

that high-intensity interval training can contribute to 

cardiovascular adaptations, though through different 

mechanisms. Anaerobic training primarily stresses the 

cardiovascular system during brief, intense periods, 

potentially promoting cardiac contractility improvements and 

enhanced oxygen extraction efficiency. 

The superior anaerobic power gains in the ANT group 

(18.4% increase) highlight the training-specific nature of 

adaptations. While aerobic training provides foundational 

cardiovascular benefits, sports requiring explosive 

movements and repeated high-intensity efforts may benefit 

from combined training approaches incorporating both 

aerobic and anaerobic elements. 

 

Practical Applications 

For strength and conditioning professionals working with 

college athletes, these findings suggest that aerobic training 

should form the foundation of cardiovascular conditioning 

programs. However, sport-specific demands must be 

considered when designing training protocols. Endurance 

sports athletes may benefit from predominantly aerobic 

training approaches, while team sport athletes might require 

periodized programs incorporating both training modalities. 

The significant improvements in resting heart rate and blood 

pressure in both training groups underscore the 

cardiovascular health benefits of structured exercise 

programs. These adaptations may contribute to enhanced 

recovery between training sessions and reduced 

cardiovascular disease risk factors. 

 

Limitations 

Several limitations warrant consideration. The 12-week 

intervention period, while sufficient to demonstrate training 

adaptations, may not reflect long-term cardiovascular 

changes. The heterogeneous sport backgrounds of 
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participants, while enhancing external validity, may have 

introduced variability in baseline fitness levels and training 

responses. Additionally, dietary and sleep factors, which 

influence cardiovascular adaptations, were not controlled in 

this study. 

 

Conclusion 

This comparative study demonstrates that aerobic training 

protocols provide superior cardiovascular endurance 

improvements in college athletes compared to anaerobic 

training approaches. The 15.3% improvement in VO₂max 

and significant enhancements in lactate threshold support the 

implementation of aerobic training as the primary 

methodology for cardiovascular conditioning in this 

population. 

However, the complementary benefits observed with 

anaerobic training, particularly for anaerobic power 

development, suggest that optimal training programs may 

incorporate both modalities in a periodized fashion. The 

choice between aerobic and anaerobic training emphasis 

should consider sport-specific demands, competition 

schedules, and individual athlete characteristics. 

Future research should investigate combined training 

approaches, longer intervention periods, and sport-specific 

populations to further refine cardiovascular training 

recommendations for college athletes. Understanding the 

optimal balance between aerobic and anaerobic training 

components will enhance performance outcomes and 

promote long-term cardiovascular health in this population. 
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