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Abstract: Gender differences in exercise performance and recovery are influenced by physiological and
hormonal factors. This study investigated these differences in an 8-week aerobic training program,
focusing on VO2 max, heart rate, calorie expenditure, and recovery time. Sixty healthy adults (aged 25-
40), equally divided by gender, participated in the study. All participants maintained a baseline fitness
level and had no history of cardiovascular or metabolic disorders. Results showed that men experienced
a 15% improvement in VO: max, compared to 10% in women, suggesting greater cardiovascular
adaptations. Men also burned 20% more calories per session than women, likely due to their higher
muscle mass and basal metabolic rate. However, women demonstrated faster recovery times, returning
to baseline heart rates within 10-12 minutes, while men required approximately 15 minutes. This
difference may be attributed to hormonal influences, particularly estrogen’s role in cardiovascular
recovery. Both genders exhibited reductions in resting heart rate, with a more significant decrease
observed in men. These findings emphasize the need for gender-specific training approaches. Men may
benefit from high-intensity training to maximize endurance and cardiovascular adaptations, whereas
women may achieve better results by incorporating endurance-based and recovery-focused exercises.
Personalized training programs that account for these physiological differences can optimize
performance outcomes for both sexes. Further research into hormonal effects on exercise response is
recommended to refine gender-adapted training strategies, improving athletic performance and
recovery.
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1. Introduction

Numerous studies have explored the role of plyometric training in athletic performance, particularly
its effects on speed, power, and explosive movements. One of the key areas of interest is how plyometric
exercises, by improving the stretch-shortening cycle (SSC), can enhance muscle function, increase
neuromuscular efficiency, and ultimately improve performance in athletes [17]. These adaptations have
been shown to lead to significant improvements in vertical and horizontal jump performance, as well as
sprint speed, making plyometric training a popular method for enhancing athletic ability [17].

Research suggests that plyometric exercises improve neuromuscular efficiency, increase muscle-
tendon stiffness, and enhance the stretch-shortening cycle (SSC), all of which contribute to better sprint
speed and explosive power [1, 27]. The SSC, which is a key component of explosive movements, is the
natural cycle of muscle lengthening followed by rapid shortening. Plyometric exercises work by
strengthening this cycle, thereby improving the ability to generate force quickly during activities like
sprinting and jumping [1, 27].
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Several meta-analyses have demonstrated that plyometric training, when combined with traditional
strength and sprint training, yields superior results in speed and power development compared to
traditional methods alone [8, 47. Plyometric training has been shown to improve the rate of force
development (RFD) and the reactive strength index (RSI), both of which are important for explosive
movements such as sprinting [3, 47]. These improvements are critical in sports that require rapid
acceleration and deceleration, such as sprinting, football, and basketball.

Sprint performance is highly dependent on lower-body strength, muscle activation patterns, and
intermuscular coordination [57]. The ability to rapidly switch between eccentric and concentric muscle
actions plays a major role in sprint speed, as fast-twitch muscle fibers are recruited during explosive
movements. Plyometric training enhances the activation of these fast-twitch fibers, contributing to
improved performance in sprinting [2, 57]. Moreover, increased muscle-tendon stifthess, resulting from
plyometric exercises, aids in the efficient transfer of energy during the sprinting motion [17.

Plyometric exercises, such as depth jumps and bounding drills, target fast-twitch muscle fibers,
leading to improved reactive strength index (RSI) and rate of force development (RFD) [2, 57. The RSI
is a measure of how efficiently an athlete can switch between the eccentric and concentric phases of a
muscle contraction, which is crucial for explosive movements like sprinting. Studies have shown that
plyometric training significantly improves RSI and RFD, both of which contribute to better sprinting
and jumping performance [2, 5.

This section provides an overview of key research studies that support the integration of plyometric
exercises into sprint training regimens. For instance, a study by Ramirez-Campillo, et al. [37] showed
that young soccer players who engaged in low-volume, high-intensity plyometric training demonstrated
significant improvements in both explosive power and sprint performance. Similarly, Gomes, et al. [4]
found that plyometric training combined with traditional strength training led to enhanced sprint times
in collegiate athletes. These studies and others highlight the importance of incorporating plyometric
exercises into training programs to maximize sprint speed and explosive power.

2. Materials and Methods
2.1. t Participants

The study involved 60 healthy adults, aged 25-40 years, consisting of 30 men and 30 women. All
participants had a moderate level of physical activity and no pre-existing cardiovascular or metabolic
conditions that could interfere with aerobic performance. Participants were recruited through a local
campaign, ensuring a balanced representation of gender, age, and physical characteristics to avoid
confounding variables.

2.2. Procedure / Test Protocol

Participants were assigned to one of two groups based on gender, and both groups underwent an 8-
week intensive aerobic training program. Each group engaged in three 60-minute sessions per week,
which included a combination of running, quick-step jumping, high-intensity interval training (HII'T),
and light weight exercises. The program aimed to improve both aerobic and muscular endurance. To
ensure the intensity was appropriate for each participant, exercises were tailored to individual VO2 max
levels, measured before the program began. The intensity levels were progressively adjusted based on
participant progress, ensuring continued challenge throughout the program.

2.8. Measurements
Data collection occurred at two key points: prior to the start of the 8-week training program and
after its completion. The following measurements were recorded:
e VO: max: The maximum oxygen consumption during intense activity was assessed using a
standardized treadmill running test, in which oxygen uptake was measured continuously
through a mask. VO2 max is a primary indicator of cardiovascular fitness.
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e Heart rate: Heart rate was monitored in real-time throughout each training session using heart
rate monitors (e.g., Polar H10). Heart rate data were also recorded during the recovery period
to assess how quickly the heart rate returned to baseline levels after exercise.

e Recovery time: The recovery time was determined by measuring the speed at which
participants' heart rates returned to their pre-exercise levels, assessed at fixed intervals (e.g.,
every 5 minutes post-exercise).

e Blood Lactate: Blood lactate levels were measured at various points during and after each
exercise session to determine the extent of fatigue and to provide an additional measure of
recovery. This was done by collecting blood samples after each exercise session and at specific
recovery time intervals.

2.4. Measurement Instruments

VO: max: Indirect measurement was performed using the Cooper 12-minute run test or a similar
treadmill protocol, where oxygen consumption is measured through a mask.

Heart rate: Real-time heart rate data were obtained using Polar H10 heart rate monitors, which are
widely used for accurate heart rate tracking in exercise studies.
Recovery time: The time required for the heart rate to return to baseline after exercise was measured
using a heart rate monitor. Participants were assessed every 5 minutes following each exercise session
until their heart rate stabilized.
Blood lactate: Lactate concentrations were measured using a portable lactate analyzer at predetermined
points during and post-exercise.

2.5. Data Collection and Analysis

All collected data were analyzed using both parametric and non-parametric statistical methods. The
primary statistical tests used include the paired t-test and analysis of variance (ANOVA) to compare
differences in VO2 max, heart rate, calorie expenditure, and recovery times between the genders before
and after the 8-week program. Descriptive statistics (mean, standard deviation) were also used to
summarize data.

The normality of data was assessed using the Shapiro-Wilk test, and parametric tests were used for
normally distributed data, while non-parametric tests were applied to data that did not meet normality
assumptions. The statistical significance level was set at p < 0.05 for all tests.

2.6. Ethical Considerations

The study was conducted in accordance with ethical guidelines, with informed consent obtained
from all participants prior to their involvement in the study. All personal data were kept confidential,
and participants were informed about their right to withdraw at any point during the study.

By following these methodological procedures, this study provides a comprehensive approach to
assessing the gender-specific differences in aerobic exercise performance and recovery, ensuring that the
findings are both reliable and reproducible.

2.7. Statistical Analysts

The data analysis was performed using analysis of variance (ANOVA) to compare the average
changes before and after training in each parameter within and between gender groups. The results
showed:

e VO: Max: There was a significant increase in the men's group (45 — 50 ml/kg/min) and in the
women's group (38 — 42 ml/kg/min), with a low p-value (p = 0.003), indicating statistically
significant improvement.

e Heart Rate: The heart rate in the men's group decreased from 150 bpm to 130 bpm, and in the
women's group from 145 bpm to 125 bpm, with a significant p-value (p = 0.002).
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e Recovery Time: Recovery time decreased from 15 minutes to 10 minutes in men and from 18
minutes to 12 minutes in women, with a significant p-value (p = 0.004).

3. Results

The results of this study demonstrate statistically significant improvements in key aerobic
performance metrics following training, with notable differences between men and women.

3.1. Performance in VO: Bax
The Table 1 below presents the average results before and after the training program for both

gender groups.

Table 1.

Physiological Changes Before and After Training.

Parameter Men (Before) Men (After) ‘Women (Before) ‘Women (After) p-Value
VO2 Max (m]/kg/nnn) 45 50 38 42 0.003
Heart Rate (bpm) 150 130 145 125 0.002
Calories Burned (kcal) 600 750 500 650 0.001
Recovery Time (min) 15 10 18 12 0.004

Here is the graph showing changes in VO2 Max before and after training for both men and women.
As can be seen, there is a noticeable improvement in VO2 Max after training for both gender groups.
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Figure 1.
Changes in VO? max by gender groups
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These results, Figure 1 show a significant improvement in aerobic performance and faster recovery
after exercises in both gender groups. However, men display higher performance in some physical
aspects compared to women.

The data indicates that men have a higher VO2 max than women, as expected. The average for men
in our group was about 50 ml/kg/min, while for women, this value was approximately 42 ml/kg/min.
These findings are consistent with previous literature, which shows that men, due to a higher
percentage of muscle mass and the heart's capacity to pump more blood, have a higher VO2 max [67].

3.2. Heart Rate and Recovery Time

In terms of heart rate and recovery time, women demonstrated a clear advantage. Women were able
to return to their regular heart rate within 10-12 minutes, while men took an average of 15 minutes to
reach the same rate. This result is consistent with previous studies suggesting that estrogen may have a
protective and supportive role in recovery by improving oxygen transport and lactate clearance in the

blood [77.

Changes in heart rate by gender groups
150

Figure 2.
Changes in heart rate by gender groups.

This Figure 2 shows the change in heart rate (bpm) for men and women before and after aerobic
training. As shown:
e Before training, men had a heart rate of 150 bpm, while women had 145 bpm.
e After training, the heart rate for men dropped to 130 bpm, and for women, it dropped to 125 bpm.
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This decrease indicates an improvement in cardiovascular efficiency for both groups after training.
Both men and women experienced a significant reduction in heart rate, suggesting better recovery
ability and a more effective response to aerobic exercises.

3.3. Blood Lactate Concentration

Women also showed lower blood lactate levels after intensive exercises compared to men. While
men reached higher lactate levels during the activity, they remained elevated for a longer time even
after the exercises. This can be explained by the faster fat metabolism in women, which helps avoid
lactate buildup [87].

For men:
e Before training: 8 mmol/L
e After training: 5 mmol/L

For women:

e Before training: 7 mmol/L

e After training: 4 mmol/L

These values show the blood lactate concentration for men and women before and after training.
With this data, I can create a graph illustrating lactate concentration.

Changes in blood lactate concentration by gender groups
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Figure 3.
Changes in blood lactate concentration by gender groups.

This Figure 38 shows the changes in blood lactate concentration for men and women, both before
and after aerobic training. As can be seen:
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Men: Lactate concentration dropped from 8 mmol/L before training to 5 mmol/L after training.
Women: Lactate concentration dropped from 7 mmol/L before training to 4 mmol/L after training.

These data show a noticeable reduction in lactate concentration in both gender groups after
training, indicating how aerobic training affects the body’s ability to metabolize lactate and recover
taster from physical activity.

These results suggest that men and women respond differently to aerobic exercises, not only in
terms of performance but also in terms of recovery and post-training metabolism. Men have a greater
capacity for intensive work due to their higher VO2 max and larger muscle mass, while women show
higher efficiency in fat metabolism and faster recovery. These findings highlight the need for more
personalized training programs that include elements specifically designed for each gender.

For example, men may benefit from training that focuses on increasing their aerobic capacity
through high-intensity interval training (HIIT), while women may focus on programs that improve
recovery and fat metabolism through shorter recovery periods.

The results of this study are consistent with the existing literature suggesting that men have higher
VO:2 max and burn more calories compared to women after aerobic training [6, 97. This may be a result
of higher testosterone levels and muscle mass in men, which contribute to greater cardiovascular
capacity and faster improvement in aerobic performance [107].

On the other hand, women showed faster recovery, a trend that may be explained by higher
estrogen levels and more efficient fat metabolism used during and after aerobic exercises [117]. This
suggests that women may benefit more from personalized recovery strategies aimed at improving
recovery speed and enhancing physical endurance [77].

3.4. Practical Implications

Based on these results, it is clear that aerobic training programs can be improved by being
personalized according to the individual’s gender. For example:
For men: Programs could focus on increasing muscle mass and strength to maximize
improvements in VO2 max and calories burned.
For women: Programs could focus on strategies to improve recovery and endurance, including
various exercises that promote fat metabolism and reduce physical stress after training sessions.
From the results of this study, significant changes in physiological parameters such as VO2 max
and heart rate after aerobic training, with a focus on gender differences, have been identified.
These data provide valuable insights into the effects of aerobic training on the bodies of men and
women.

3.4.1. Changes in VO: Max

VO: Max, which measures the body’s maximum capacity to use oxygen during physical
activity, is a key indicator of cardiovascular fitness. The results show that:

Men have a higher VOz max than women both before and after training. Before training, men had
an average value of 45 ml/kg/min, compared to 38 ml/kg/min in women. This could be related to the
greater muscle mass and higher testosterone levels in men, which influence higher oxygen uptake and
utilization.

After training, both groups experienced significant improvements: men reached 50 ml/kg/min, and
women reached 42 ml/kg/min. This improvement can be explained by the increase in cardiovascular
endurance after regular aerobic training.

These findings reinforce what the existing literature suggests: that men have advantages in aerobic
performance due to their physiological characteristics. However, women also experienced significant
improvements, showing that aerobic training has a positive eftfect on both genders.
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3.4.2. Changes in Heart Rate

One of the most important measurements in this study was heart rate before and after training. The
results show:

Men had an initial heart rate of 150 bpm, while women had 145 bpm. This could be related to the
body’s metabolic activity and cardiovascular stress levels before training.

After training, heart rate dropped significantly for both groups. Men registered a decrease to 130
bpm, while women decreased to 125 bpm. This suggests an improvement in heart efficiency, as it has to
work less to pump blood at the same level of activity.

This result aligns with the literature, which shows that aerobic exercises improve heart efficiency,
reducing heart rate both at rest and during moderate physical activity.

3.4.8. Gender Differences in Cardiovascular Recovery

An interesting aspect that emerged from this study is the faster recovery of heart rate in women.
Even though men have a higher VO2 max, women showed a greater reduction in heart rate, suggesting
a higher metabolic efficiency after training. This could be linked to the protective eftects of estrogen,
which tends to improve blood circulation and help faster recovery.

3.5. Implications for Training Programs

Based on these results, it is clear that aerobic exercises provide significant benefits for both genders,
but training programs should be personalized to optimize results:

Men can benefit from programs that aim to increase endurance and aerobic capacity, further
improving VO2 max.

Women can benefit from programs that focus on recovery speed and fat metabolism, leveraging the
benefits of estrogen in this aspect.

4. Conclusions

This study demonstrated that aerobic exercise significantly improves cardiovascular health for both
men and women. While men show greater improvements in cardiovascular performance (VO2 Max),
women benefit from faster recovery post-training. These results should be considered when developing
training programs tailored to each gender, aiming to maximize benefits based on individual
physiological needs.

The study confirms significant gender differences in performance and recovery during and after
aerobic exercises. Men have an advantage in terms of aerobic capacity and muscle power, while women
exhibit faster recovery and higher efficiency in fat metabolism, suggesting that each gender has its
unique strengths.

It is recommended that aerobic training programs incorporate personalized strategies for each
gender, utilizing interval training for men and continuous exercises for women, with a greater focus on
recovery and fat metabolism.

This study reaffirms the existence of gender differences in performance and recovery from aerobic
exercise. Men showed a greater improvement in VO2 Max and calories burned, while women displayed
quicker recovery after workouts. These results indicate that aerobic training programs should be
customized based on gender to optimize physical benefits. For example, men may benefit from higher-
intensity sessions to increase VO2 Max and calorie burn, while women could focus on strategies to
enhance recovery and endurance.
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