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Abstract 

Introduction: Aerobic and anaerobic training yield distinct physiological adaptations, yet their 
long-term comparative effects remain underexplored. 
Objective: To evaluate and compare the 12-month impact of aerobic and anaerobic training on 
body composition, cardiovascular fitness, and athletic performance in healthy adults aged 18–
35. 
Methodology: A randomized controlled trial (n = 120; 60 males, 60 females) assigned partici-
pants to aerobic (AT) or anaerobic (ANT) training. Assessments at 0, 3, 6, and 12 months in-
cluded DXA-derived body composition, VO₂ max, and performance metrics (strength, power, 
endurance). 108 participants completed the study. 
Results: AT significantly reduced body fat percentage (-4.6%, p < .001) and increased VO₂ max 
(+6.8 mL·kg⁻¹·min⁻¹, p < .001), reflecting improved cardiovascular fitness and fat loss. ANT led 
to greater gains in lean body mass (+3.2 kg, p < .001), muscular strength (+22.7 kg bench press, 
p < .001), and anaerobic power (+423 W, p < .001). Both groups showed improvements aligned 
with training specificity. 
Discussion: Findings confirm divergent, goal-specific adaptations: aerobic training is optimal 
for fat reduction and cardiovascular enhancement, while anaerobic training promotes hyper-
trophy, strength, and power. These results support strategic exercise prescription based on in-
dividualized goals. 
Conclusions: Aerobic and anaerobic training confer distinct yet complementary benefits. Pro-
gram design should consider long-term modality-specific adaptations to optimize individual 
performance and health outcomes. 

Keywords 

Aerobic training; anaerobic training; athletic performance; body composition; long-term adap-
tation. 

Resumen 

Introducción: El entrenamiento aeróbico y anaeróbico induce adaptaciones fisiológicas especí-
ficas, pero sus efectos comparativos a largo plazo aún no se comprenden completamente. 
 Objetivo: Evaluar y comparar los efectos de 12 meses de entrenamiento aeróbico y anaeróbico 
sobre la composición corporal, la condición cardiovascular y el rendimiento atlético en adultos 
sanos de 18 a 35 años. 
 Metodología: Ensayo controlado aleatorizado (n = 120; 60 hombres, 60 mujeres), con asigna-
ción a un grupo de entrenamiento aeróbico (AT) o anaeróbico (ANT). Se realizaron evaluacio-
nes a los 0, 3, 6 y 12 meses, incluyendo composición corporal (DXA), VO₂ máx y métricas de  
rendimiento (fuerza, potencia, resistencia). Completaron el estudio 108 participantes. 
 Resultados: El grupo AT redujo significativamente el porcentaje de grasa corporal (-4,6%, p < 
.001) y mejoró el VO₂ máx (+6,8 mL·kg⁻¹·min⁻¹, p < .001), reflejando mejoras cardiovasculares 
y en pérdida de grasa. El grupo ANT mostró mayores aumentos en masa magra (+3,2 kg, p < 
.001), fuerza muscular (+22,7 kg en press de banca, p < .001) y potencia anaeróbica (+423 
W, p < .001). Ambos grupos mejoraron según la especificidad del entrenamiento.  
Discusión: Los resultados confirman adaptaciones divergentes y orientadas a objetivos: el en-
trenamiento aeróbico optimiza la reducción de grasa y la capacidad cardiovascular, mientras 
que el anaeróbico favorece la fuerza, potencia y masa muscular. 
 Conclusiones: El entrenamiento aeróbico y anaeróbico ofrece beneficios distintos y comple-
mentarios. La programación debe adaptarse a objetivos individuales para maximizar resulta-
dos a largo plazo.  

Palabras clave 

Adaptación a largo plazo; composición corporal; entrenamiento aeróbico; entrenamiento ana-
eróbico; rendimiento atlético

  

A 12-month longitudinal study of aerobic vs. anaerobic training: 
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Introduction

The relationship between aerobic and anaerobic exercise and their respective effects on body composi-
tion and athletic performance has long been a central topic in sports science and exercise physiology 
(Martín-Rodríguez et al., 2024; Latino et al., 2024; Martins & Loureiro, 2023; Anderson & Drust, 2023; 
Saadati, 2023). Recent studies emphasize the importance of individualized training programs, acknowl-
edging that both modalities contribute differently depending on specific goals and physiological traits 
(Kabir et al., 2025; Lasso Quilindo & Chalapud Narváez, 2024; Sánchez Benavides, et al., 2024; Ahsan, 
Ali & Al-Zahrani, 2023; McWeeny et al., 2020; Gillen et al., 2016). 

Both training types play vital roles in enhancing general health and athletic capacity, yet they elicit dis-
tinct physiological adaptations (Furrer, Hawley & Handschin, 2023; Moscatelli et al., 2023; Kraemer, 
2020). Adaptations arise from the cumulative effect of structured, repeated exposure to physical stress 
(Hughes, Ellefsen & Baar, 2018). Understanding these long-term adaptations is essential for optimizing 
performance and achieving tailored training goals (Kraemer, Ratamess & Newman, 2024; Bucher Sand-
bakk et al., 2023; Wackerhage & Schoenfeld, 2021; Coffey & Hawley, 2007). Coaches must integrate these 
parameters to maximize athlete outcomes (Ahsan, Ali & Al-Zahrani, 2023). 

Aerobic training, characterized by prolonged, moderate-intensity activity such as running, swimming, 
or cycling (Tyshchenko et al., 2023), is widely recognized for improving cardiovascular fitness, meta-
bolic health, and brain plasticity (Susiono et al., 2025; Isath et al., 2023; Moscatelli et al., 2023; de Bar-
celos et al., 2022; Franklin et al., 2022; Moscatelli et al., 2020; Hawley, 2002). Physiological adaptations 
include increased VO2max, improved cardiac output, enhanced mitochondrial density, and capillariza-
tion (Barbosa et al., 2024; Stamford, Loprinzi & Maskalick, 2023; Erdem Eyuboglu, 2023; Ferguson et 
al., 2021; Saghiv & SaBagiv, 2020; Lundby, Montero & Joyner, 2017; Joyner & Coyle, 2008; Holloszy & 
Coyle, 1984; Bassett & Howley, 2000). 

In contrast, anaerobic training emphasizes short bursts of high-intensity activity such as sprinting, 
weightlifting, or HIIT (Jatmiko, Kamandulis et al., 2024; Tauda, Cruzat Bravo & Suárez Rojas, 2024; 
Nurkholis et al., 2024; Kusnanik & Sidik, 2024; Laursen & Buchheit, 2019; Buchheit & Laursen, 2013; 
Lasso Quilindo & Chalapud Narváez, 2024; García-Flores et al., 2023; Franchini et al., 2020). It enhances 
muscular strength, power, and anaerobic capacity (Kraemer, Fleck & Evans, 1996; Gibala et al., 2006) 
by inducing neuromuscular adaptations like increased fiber recruitment and hypertrophy (Sale, 1988). 
Anaerobic exercise also elevates resting metabolic rate and contributes to lean body mass gains 
(Strasser & Schobersberger, 2011). 

Resistance and high-intensity anaerobic training induce a range of adaptations across lean mass com-
ponents muscle, bone, and connective tissues. At the muscular level, hypertrophy and increased fiber 
cross-sectional area enhance strength and endurance (Schoenfeld et al., 2021; Lopez et al., 2021). High-
impact and weight-bearing activities improve bone mineral density, mitigating osteoporosis risk (Bene-
detti et al., 2018; Nebigh et al., 2023). Connective tissues such as tendons and ligaments also adapt by 
increasing stiffness and load-bearing capacity, supporting enhanced mechanical performance 
(McMahon, Comfort & Pearson, 2012; Asahara, Inui & Lotz, 2017). These multi-tissue adaptations un-
derscor 

Despite extensive research on the acute responses to aerobic and anaerobic exercise, there is limited 
data on their long-term (≥12 months) effects on comprehensive performance and body composition 
outcomes (Furrer, Hawley & Handschin, 2024; Wilson et al., 2012). Most studies are short-term (8–12 
weeks) and focus on isolated parameters like hypertrophy, strength, or VO2max (Shaw et al., 2006), 
limiting our understanding of adaptation trajectories and potential plateaus during extended training. 

Long-term adaptations particularly related to muscle growth and endurance require sustained training 
and may vary in timing between modalities. Effective program design must account for these trajecto-
ries and modify training variables over time (Hawley, 2009). Thus, analyzing the differential and com-
bined effects of aerobic and anaerobic exercise across a full training year offers crucial insights for tai-
loring athletic programming. 

While anaerobic training exerts pronounced effects on muscle hypertrophy, bone density, and connec-
tive tissue strength, its systemic impact contrasts with the cardiovascular and metabolic adaptations 
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typically elicited by aerobic exercise. Despite their widespread application, few studies have investi-
gated the long-term (≥12 months) adaptations induced by these modalities across multiple domains of 
performance and body composition. 

This study aims to address this gap by examining the chronic effects of aerobic, anaerobic, and concur-
rent training protocols on key physiological and performance parameters. We hypothesize that anaero-
bic training will lead to greater improvements in muscular strength, power, and skeletal muscle mass, 
while aerobic training will more effectively enhance cardiovascular fitness and reduce fat mass. A sec-
ondary hypothesis posits that concurrent training will yield superior overall outcomes enhancing 
strength, endurance, and body composition compared to either modality alone. 

By employing validated imaging and performance testing methods over a 12-month intervention, this 
research seeks to provide evidence-based insights to support the development of optimized, goal-spe-
cific training programs for athletes and practitioners. 

 

Method 

This study was designed as a randomized controlled trial with two parallel groups: one assigned to aer-
obic training (AT) and the other to anaerobic training (ANT), each consisting of 60 participants. Group 
allocation was performed using computer-generated random sequences to ensure allocation conceal-
ment and minimize selection bias. An independent researcher, not involved in the implementation or 
assessment phases, conducted the randomization. The intervention lasted 12 months, with data col-
lected at four assessment points: baseline, 3 months, 6 months, and 12 months, allowing for a robust 
longitudinal evaluation of training effects. 

Participants 

The study recruited 120 healthy participants (n = 120), equally divided by gender (60 males and 60 
females), aged 18–35 years. Inclusion criteria required participants to be recreationally active but not 
engaged in any formal training program for at least six months prior to the study. Individuals with mus-
culoskeletal, metabolic, or cardiovascular conditions that could impair training performance or increase 
the risk of injury were excluded. 

Out of the 120 volunteers, 108 participants (90%) completed the 12-month intervention (AT: n = 54; 
ANT: n = 54). The dropout rate was similar across both groups, primarily due to time constraints or 
relocation. Among the 108 participants who completed the study, 52% were male (n = 56) and 48% 
were female (n = 52). The gender distribution was balanced across the groups (AT: 27 males, 27 females; 
ANT: 29 males, 25 females), ensuring homogeneity and facilitating consistent analysis of the effects of 
aerobic and anaerobic training on the outcome measures. 

Ethical approval for the study was obtained from the National Institute of Medical Science and Research 
(NIMS), Jaipur, India, Ethics Committee (approval number: NIMSUR/IEC/2023/699). All participants 
provided written informed consent before enrolment in the study. 

Procedure 

Participants were randomly assigned using RNG software to either an aerobic training group (AT) or an 
anaerobic training group (ANT). The intervention spanned 12 months, with evaluations at baseline, 3, 
6, and 12 months. 

Training protocols 

The aerobic training (AT) group completed four weekly sessions of continuous aerobic exercise, such as 
running, cycling, or rowing, performed at 65–75% of heart rate reserve (HRR) for 45–60 minutes. In-
tensity was prescribed using the Karvonen formula: HRR = (220 – age – resting HR) × intensity + resting 
HR 

To ensure sustained physiological adaptation, both training volume and intensity were progressively 
increased over the 12-month period. 
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In contrast, the anaerobic training (ANT) group followed a combined protocol of resistance training and 
high-intensity interval training (HIIT), with two weekly sessions of each. Resistance training targeted 
major muscle groups using loads of 70–80% of one-repetition maximum (1RM) for 3 sets of 8–12 repe-
titions, with 1RM estimated via the Epley equation: 1RM = weight lifted × (1 + 0.0333 × repetitions) 

HIIT sessions involved 4–6 intervals of 30 seconds of maximal effort, interspersed with 4-minute active 
recovery periods. 

Both modalities followed a structured progression model. In resistance training, load and volume were 
adjusted every 4–6 weeks based on updated 1RM values, typically increasing weight by 2.5–5% or add-
ing sets/repetitions. HIIT progression involved increasing interval duration, intensity, or reducing rest 
periods. Training adaptations were monitored through periodic assessments (e.g., heart rate, RPE, and 
1RM testing), ensuring individualized progression and minimizing overtraining risk. 

Outcome Measures 

Body Composition 

Body composition, including total body mass, fat mass, lean body mass, and body fat percentage, was 
assessed using dual-energy X-ray absorptiometry (DXA). Measurements were performed with a GE Lu-
nar iDXA system, a validated and widely used device for body composition analysis. The system employs 
low-dose X-rays at two energy levels to determine the distribution of fat and lean mass within the body.  

Certified technicians conducted the scans in accordance with the manufacturer’s protocols, ensuring 
accuracy and consistency. Participants were instructed to remain motionless during the procedure to 
minimize variability. Body composition measurements were collected at baseline and at 3, 6, and 12 
months to monitor longitudinal changes. 

Cardiovascular Fitness 

Cardiovascular fitness was evaluated through maximal oxygen uptake (VO₂ max) testing, conducted us-
ing a graded exercise protocol on a treadmill. Gas exchange measurements were performed with the 
Parvo Medics TrueOne 2400 Metabolic Measurement System, a validated and reliable tool for indirect 
calorimetry. This system measures oxygen and carbon dioxide exchange during exercise to accurately 
calculate VO₂ max. Participants performed the test on a Woodway Pro XL treadmill, which provides a 
stable and controlled environment for exercise testing. The protocol involved progressive increases in 
treadmill speed and incline until the participant reached volitional exhaustion. Heart rate and respira-
tory gas exchange were continuously monitored throughout the test to determine peak oxygen uptake. 

Muscular Strength 

Muscular strength was assessed using the one-repetition maximum (1RM) test for the bench press (up-
per body) and back squat (lower body). Participants began each test with a standardized warm-up in-
volving light weights. Load increments were systematically increased by 5–10% for the bench press and 
10–20% for the back squat until participants reached the maximum weight they could lift for one com-
plete repetition with proper form. Adequate rest intervals (3–5 minutes) were provided between at-
tempts to prevent fatigue. The highest successfully lifted weight was recorded as the 1RM, a widely ac-
cepted measure of maximal strength. 

Muscular Power 

Muscular power was assessed through vertical jump height and peak power output, measured using a 
Kistler 9281CA force plate, which provides precise measurements of ground reaction forces during 
jumping. Participants performed countermovement jumps, and peak power output was calculated using 
the Sayers equation, a reliable method for evaluating lower-body explosive power (Sayers et al., 1999). 

Muscular Endurance 

Muscular endurance was measured using push-up and sit-up tests based on standardized protocols fre-
quently employed in physical fitness research (Adams et al., 2022). These tests assess the participant’s 
ability to perform repeated contractions against resistance over a specified duration, providing a relia-
ble measure of endurance for upper and core musculature. 
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Anaerobic capacity 

Anaerobic capacity was assessed using the Wingate Anaerobic Test (WAnT), conducted on a Monark 
894E. The protocol involved a 30-second all-out effort, where participants cycled at maximum intensity 
against a predetermined resistance. The resistance was set at a specific value for the entire duration of 
the test. Peak power output (PPO) and anaerobic capacity were recorded, with PPO representing the 
highest power achieved in the first 5 seconds of the test, and anaerobic capacity calculated from the total 
work performed during the 30-second period (Bar-Or, 1987). 

Sport-Specific Performance 

Sport-specific tests included the 40-yard sprint, agility T-test, and the 5-10-5 pro agility test. The 40-
yard sprint is commonly used to assess acceleration and speed in various sports, particularly in Ameri-
can football. The test is based on protocols commonly used in athletic performance evaluations, such as 
those outlined in studies of sprinting and speed assessments in athletes (D’Isanto et al., 2019). It typi-
cally measures the time it takes an athlete to cover 40 yards (36.58 meters) in a straight line from a 
standing start. The agility T-test assesses an athlete's agility and ability to change directions quickly, 
which is critical in many sports like basketball, soccer, and tennis. The protocol follows standardized 
methods often referenced in research, such as Sayers et al. (1999) and others focusing on agility training 
and testing. The 5-10-5 Pro Agility Test also known as the "Pro Shuttle", this test evaluates an athlete’s 
ability to change direction quickly over a short distance. It’s widely used in football, basketball, and soc-
cer and follows protocols that are based on established norms for measuring agility and quickness, as 
discussed in sports performance literature (Forster et al., 2022). 

Data analysis 

Statistical analyses were performed using IBM SPSS Statistics v26. Normality was assessed with the 
Shapiro-Wilk test. A 2 x 4 (group x time) mixed-model ANOVA was performed to evaluate the effects of 
training modality and time on all outcome measures. Post hoc comparisons were conducted using Bon-
ferroni correction to control for multiple comparisons, ensuring statistical rigor. Statistical significance 
was defined as p < 0.05. 
 

Results 

 

Over the 12-month intervention, both groups experienced significant changes in body composition. A 
mixed-model ANOVA revealed significant main effects of time for total body mass, fat mass, lean body 
mass, and body fat percentage (p < 0.001 for all variables).  
 
 
Table 1. Baseline characteristics of participants (mean ± SD). 

Characteristics AT Group (n = 54) ANT Group (n = 54) 
Age (years) 26.3 ± 4.7 25.9 ± 4.5 
Height (cm) 172.5 ± 9.2 173.1 ± 8.8 

Body mass (kg) 71.8 ± 12.3 72.4 ± 11.9 
Body fat (%) 22.7 ± 6.8 22.3 ± 7.1 

VO2max (ml/kg/min) 42.6 ± 6.4 43.1 ± 6.2 
Note: AT = Aerobic training group, ANT = Anaerobic training group 

 

Additionally, significant group × time interactions were observed for all body composition metrics (p < 
0.01), indicating distinct patterns of change between the AT and ANT groups. 
 

 

Table 2. Changes in Body Composition, Strength, Anaerobic Capacity, and VO2max over 12 Months for Five Groups 

Variable Group Baseline 
3-Month 
Change 

6-Month 
Change 

12-Month 
Change 

Total Change (12 
Months) 

p-value 

Total Body Mass (kg) 
AT 71.8 ± 12.3 -1.0 ± 0.9 -1.5 ± 1.2 -2.7 ± 1.8 -2.7 ± 1.8 p < 0.001 

ANT 72.4 ± 11.9 +0.3 ± 0.8 +0.8 ± 1.0 +1.4 ± 1.2 +1.4 ± 1.2 p < 0.05 

Body Fat Percentage 
(%) 

AT 22.7 ± 6.8 -1.5 ± 0.9 -3.0 ± 1.4 -4.6 ± 1.9 -4.6 ± 1.9 p < 0.001 

ANT 22.3 ± 7.1 -1.0 ± 0.7 -2.0 ± 1.2 -2.8 ± 1.5 -2.8 ± 1.5 p < 0.01 

Fat Mass (kg) AT 16.3 ± 7.3 -1.2 ± 1.0 -1.8 ± 1.4 -2.9 ± 2.3 -2.9 ± 2.3 p < 0.001 
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Table 2. Changes in Body Composition, Strength, Anaerobic Capacity, and VO2max over 12 Months for Five Groups 

Variable Group Baseline 
3-Month 
Change 

6-Month 
Change 

12-Month 
Change 

Total Change (12 
Months) 

p-value 

ANT 16.1 ± 7.0 -0.6 ± 0.9 -1.2 ± 1.0 -1.7 ± 1.3 -1.7 ± 1.3 p < 0.001 

Lean Body Mass (kg) 
AT 55.5 ± 7.4 +0.1 ± 0.2 +0.2 ± 0.5 +0.3 ± 0.9 +0.3 ± 0.9 p > 0.05 

ANT 55.3 ± 7.9 +0.8 ± 0.4 +2.1 ± 0.9 +3.2 ± 1.4 +3.2 ± 1.4 p < 0.001 

VO2max (ml/kg/min) 
AT 42.6 ± 6.4 +2.3 ± 1.2 +4.5 ± 2.1 +6.8 ± 2.3 +6.8 ± 2.3 p = 0.001 

ANT 43.1 ± 6.2 +1.2 ± 0.8 +2.1 ± 1.2 +2.9 ± 1.7 +2.9 ± 1.7 p < 0.001 

 

Over the 12-month intervention, significant differences were observed between the aerobic training 
(AT) and anaerobic training (ANT) groups across all measured variables, demonstrating distinct physi-
ological adaptations driven by the two modalities. The AT group experienced a statistically significant 
reduction in total body mass (M = -2.7 ± 1.8 kg, p < .001), whereas the ANT group showed a modest but 
significant increase (M = +1.4 ± 1.2 kg, p < .05). A significant group × time interaction effect (p < .01) 
further supports the divergent trajectories in body mass change between the two groups, highlighting 
the catabolic nature of aerobic training and the anabolic effects of anaerobic training. 

Aerobic training excelled in reducing total body mass, body fat percentage, and fat mass while driving 
substantial improvements in cardiovascular fitness (VO₂ max). Both groups demonstrated significant 
reductions in body fat percentage over time (p < .001). However, the AT group achieved a more pro-
nounced decrease (M = -4.6 ± 1.9%) compared to the ANT group (M = -2.8 ± 1.5%), as confirmed by a 
significant group × time interaction effect (p < .01). These results underscore the superior fat-reducing 
potential of aerobic training, likely attributable to sustained energy expenditure and enhanced fat oxi-
dation. In line with reductions in body fat percentage, fat mass also decreased significantly in both 
groups (p < .001). The AT group exhibited a larger decline (M = -2.9 ± 2.3 kg) compared to the ANT group 
(M = -1.7 ± 1.3 kg). The significant group × time interaction effect (p < .01) reinforces the greater efficacy 
of aerobic training in promoting fat loss. 

Anaerobic training was superior for promoting hypertrophic adaptations, as evidenced by significant 
gains in lean body mass, reflecting the anabolic effects of resistance and high-intensity interval training. 
The response of lean body mass differed markedly between the two groups. The ANT group displayed a 
substantial and statistically significant increase (M = +3.2 ± 1.4 kg, p < .001), while the AT group showed 
minimal, non-significant changes (M = +0.3 ± 0.9 kg, p > .05). The significant group × time interaction 
effect (p < .001) confirms the pronounced hypertrophic response associated with anaerobic training, 
likely driven by the mechanical load and anabolic stimulus of resistance exercises. 

Both groups showed significant improvements in VO₂ max, but the magnitude of change was notably 
greater in the AT group (M = +6.8 ± 2.3 mL·kg⁻¹·min⁻¹, p = .001) compared to the ANT group (M = +2.9 
± 1.7 mL·kg⁻¹·min⁻¹, p < .001). A significant group × time interaction effect (p < .001) highlights the 
superior cardiovascular adaptations elicited by aerobic training, consistent with increased oxygen up-
take capacity and enhanced cardiac efficiency. 

The observed group × time interaction effects across variables demonstrate that training modality plays 
a critical role in shaping long-term physiological outcomes. These findings underscore the importance 
of selecting training strategies aligned with individual fitness goals, whether prioritizing fat loss, cardi-
ovascular fitness, or muscle hypertrophy. 
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Figure 1. Changes in body fat percentage and lean body mass over the 12-month intervention period for the aerobic training (AT) and anaer-
obic training (AT) groups 

 

 
 

A significant main effect of time was observed for VO2max (p = 0.001), with the AT group showing a 
greater improvement compared to the ANT group. The AT group had a mean increase of 6.8 ± 2.3 
ml/kg/min, whereas the ANT group showed a smaller but still significant increase of 2.9 ± 1.7 
ml/kg/min. The group × time interaction was also significant (p < 0.001), confirming greater cardiovas-
cular adaptations in the AT group. 
 

Figure 2. Changes in VO2max, upper body strength (1RM bench press), and muscular power (peak power output) over the 12-month interven-
tion period for the aerobic training (AT) and anaerobic training (ANT) groups.  

 

 

 

Both groups demonstrated statistically significant improvements in upper and lower body strength over 
the 12-month period (p < 0.001). However, the anaerobic training (ANT) group exhibited significantly 
greater gains, as confirmed by a robust group × time interaction (p < 0.001). In particular, 1RM bench 
press strength increased by +22.7 ± 5.8 kg in the ANT group, markedly higher than the +4.3 ± 2.9 kg 
improvement observed in the aerobic training (AT) group (p < 0.001). Similarly, 1RM back squat 
strength improved by +41.5 ± 9.3 kg in the ANT group versus +8.7 ± 4.2 kg in the AT group (p < 0.001), 
reinforcing the superiority of resistance-based protocols for strength development. 

Regarding muscular power, significant main effects of time were detected for both vertical jump height 
and peak power output (p < 0.001), with the ANT group achieving more pronounced improvements in 
both metrics. Vertical jump performance increased by +7.8 ± 2.4 cm in the ANT group, compared to +2.1 
± 1.6 cm in the AT group, while peak power output rose by +423 ± 98 W and +156 ± 72 W, respectively 
(p < 0.001 for interaction). 

Anaerobic capacity, as assessed via the Wingate Anaerobic Test, also improved significantly in both 
groups (p < 0.001), though the ANT group achieved notably greater enhancements. Peak anaerobic 
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power increased by +138 ± 42 W in the ANT group versus +52 ± 28 W in the AT group, and total anaer-
obic capacity improved by +0.89 ± 0.24 W/kg compared to +0.31 ± 0.18 W/kg (p < 0.001 for interaction). 

 

Discussion 

The study demonstrates that both aerobic and anaerobic training positively influence body composition 
through different physiological mechanisms. Specifically, the AT group exhibits a more pronounced re-
duction in body fat percentage and total body mass, likely due to elevated energy expenditure and en-
hanced fat oxidation associated with prolonged aerobic exercise (Barbosa et al., 2024; McWeeny et al., 
2020). These findings align with evidence positioning aerobic exercise as a highly effective strategy for 
fat loss (Franklin et al., 2022). In contrast, participants in the ANT group experience modest reductions 
in fat mass but significant increases in lean body mass, reflecting the hypertrophic effects of resistance 
training (Kraemer, Ratamess, & Newman, 2024) and the muscle-building potential of high-intensity in-
terval training (HIIT) (Kamandulis et al., 2024). Therefore, aerobic training appears more suitable for 
individuals prioritizing fat reduction, whereas anaerobic training proves more effective for promoting 
muscle growth. 

Regarding cardiovascular fitness, the AT group achieves greater improvements, as evidenced by signif-
icant increases in VO₂max compared to the ANT group. This outcome aligns with the principle of training 
specificity, which posits that endurance training facilitates adaptations such as enhanced stroke volume 
and increased capillarization, thereby improving oxygen uptake and aerobic capacity (Lundby, Montero, 
& Joyner, 2017; Jones & Carter, 2000). Although the ANT group also shows improvements in VO₂max, 
these gains remain less substantial, indicating that while anaerobic training can induce cardiovascular 
adaptations, it is less effective than aerobic training in optimizing VO₂max (Bucher Sandbakk et al., 
2023). 

The study further highlights the divergent effects of these training modalities on muscular strength. The 
ANT group exhibits superior gains in both upper and lower body strength, consistent with neuromus-
cular adaptations associated with resistance training, such as enhanced motor unit recruitment, in-
creased muscle cross-sectional area, and the development of fast-twitch muscle fibers (Schoenfeld et al., 
2021; Kamandulis et al., 2024). Conversely, the AT group also demonstrates improvements in muscular 
strength, but these gains are notably smaller. This finding underscores the critical role of anaerobic 
training in programs designed to enhance strength and power, particularly for athletes requiring explo-
sive capabilities (Dolci et al., 2020). 

Anaerobic capacity, assessed via the Wingate test, further illustrates the superior performance of the 
ANT group in anaerobic power and capacity. These results stem from specific metabolic adaptations 
induced by HIIT and resistance training, including increased glycolytic enzyme activity and elevated 
phosphocreatine stores (Furrer, Hawley, & Handschin, 2023). Moreover, the ANT group outperforms 
the AT group in sport-specific performance metrics such as the 40-yard sprint and agility tests. These 
findings emphasize the relevance of anaerobic training for enhancing speed, agility, and explosive move-
ments, particularly in sports requiring rapid and powerful actions (Jatmiko et al., 2024). 

 

Conclusions 

This study demonstrated distinct long-term adaptations to aerobic and anaerobic training, offering evi-
dence-based insights for optimizing training programs based on specific performance goals. Aerobic 
training was more effective for improving cardiovascular fitness and reducing body fat, while anaerobic 
training led to greater gains in muscular strength, power, lean body mass, and anaerobic capacity. 

The findings confirmed the fulfillment of the study's objectives by revealing modality-specific physio-
logical adaptations and highlighting the complementary roles of aerobic and anaerobic exercise. Our 
work contributed to the field by addressing a gap in longitudinal training research, particularly over a 
12-month period, and by providing practical guidance for personalized program design. 
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For individuals aiming to improve overall fitness, a combination of both modalities appeared beneficial, 
given their distinct contributions to performance. Future research should examine the effects of concur-
rent aerobic and anaerobic training, investigate potential sex-specific adaptations, and explore the mo-
lecular mechanisms underlying these long-term responses. 
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