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ABSTRACT

In this study, young people with varying BMI ratios are examined for genderspecific differences in cardiovascular
responses to dynamic exercise. The study involved a cohort of 250 young individuals, ages 18 to 20 (127 males and
123 women). In accordance with WHO guidelines, participants were divided into three groups: normal, overweight,
and obese. Prior to, immediately following the end of the activity, and three and five minutes after the rest period,
blood pressure and heart rate were measured. Using the rate pressure product (RPP), which is the product of heart rate
and systolic blood pressure, myocardial oxygen consumption (MVo2) was evaluated. The findings show that men had
considerably higher postexercise heart rates, systolic and diastolic blood pressures, and RPP than women. These results
imply that, in comparison to women, young males have more significant cardiovascular reactions to dynamic exercise,
which may be related to variations in cardiac output, total peripheral resistance, or circulating catecholamine levels.
The cardiovascular response to exercise varies by gender, and this study clarifies these differences. These findings may
have an impact on fitness and health programs designed for young people with different BMI ratios.
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INTRODUCTION:

Frequent physical activity has several advantages, including better cardiovascular health, increased fitness,
and a lower risk of chronic illnesses. It is a fundamental component of health promotion and disease
prevention.[1,2] In addition to helping with therapeutic monitoring, exercise testing is a useful diagnostic
technique for determining how well a person's heart responds to physical activity and can reveal hidden
medical issues.[3] The rate pressure product (RPP), which is the product of systolic blood pressure and
heart rate, is a crucial metric for assessing cardiac stress during exercise.[4] One important measure of the
physiological strain on the heart muscle during exercise is the relative pumping power (RPP), which
represents the oxygen requirement of the heart.

Recent research has focused a great deal of emphasis on gender-related variations in the cardiovascular
responses to exercise.[5,6] It is crucial to comprehend these gender-specific differences because they may
shed light on how people adjust to exercise and may have an influence on exercise recommendations,
especially for young adults who are frequently going through significant physiological changes.
Furthermore, it is commonly known that a person's body mass index (BMI) has a big impact on their
cardiovascular health.[7] A high body mass index (BMI) indicates obesity, which is a significant risk factor
for cardiovascular illnesses. Thus, analyzing the relationship between BMI categories and gender-specific
cardiovascular responses to exercise might provide important insights into the subtleties of cardiovascular
adaptation in young people.

The purpose of this study is to clarify the differences in young people cardiovascular responses to dynamic
exercise that are particular to their gender and BMI. We want to shed light on how young men and women
respond to exercise stress by measuring post-exercise heart rate, systolic and diastolic blood pressure, and
RPP. This may involve identifying variations in cardiac output, total peripheral resistance, or circulating
catecholamines. These findings might help improve health and fitness treatments for young people with
different BMI ratios by illuminating gender-related differences in cardiovascular response to exercise.
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AIMS AND OBJECTIVES:

® To evaluate and compare post-exercise heart rate (HR), systolic blood pressure (SBP), and diastolic
blood pressure (DBP) between young men and women.

® To calculate and compare the rate pressure product (RPP) as a measure of myocardial oxygen
consumption (MVo2) between young men and women immediately after exercise.

® To evaluate how different BMI ratios (normal, overweight, and obese) influence the gender-specific
cardiovascular responses to dynamic exercise.

MATERIALS AND METHODS:
Study Design: This study examined gender-specific differences in cardiovascular responses to dynamic
exercise in young individuals with different BMI ratios using a cross-sectional approach.

Participants: There were no ethical problems with the study, which involved 250 young individuals
between the ages of 18 and 20 who were chosen voluntarily based on their desire to take part. Every
participant gave their informed consent after being fully informed about the goals and methods of the
study. (Ethical Approval No. IEC/C-P/10/2023).

Inclusion Criteria:

1. Age between 18 and 20 years.

2. Willingness to participate and provide informed consent.

Exclusion Criteria:

1. Pre-existing cardiovascular diseases or known cardiac conditions.

2. Individuals taking medications that could influence heart rate or blood pressure.

3. Pregnancy or any medical condition that contraindicated participation in vigorous physical exercise.
4. Inability to perform dynamic exercise due to physical limitations.

Anthropometric Measurements: To determine each participant's body mass index (BMI), measurements
of their height and weight were taken. The World Health Organization (WHO) classification guidelines
were followed in order to divide the population into normal, overweight, and obese categories.[8]
Cardiovascular Assessments:

1. Following a 10-minute rest period, the resting heart rate (HR) was calculated in beats per minute
(bpm).

2. Using an Omron Platinum BP5450 automated blood pressure monitor, resting systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured.[9]

3. Dynamic exercise usually consists of a set routine that uses a stationary bike to reach a predefined level
of intensity based on a person's estimated maximal heart rate for their age. In order to make sure they
achieve the appropriate intensity level, participants in this protocol must ride on a stationary bicycle while
their heart rates are monitored. The Tanaka formula (208 - 0.7 * age), which has been shown to be more
accurate in recent study, is one version of the formula frequently used to compute the age-predicted
maximal heart rate, which is 220 - age.[10,11,12]

4. HR, SBP, and DBP were measured as soon as the activity was stopped and again three and five minutes
later.

5. In order to determine the cardiac oxygen consumption (MVo2), the rate pressure product (RPP), which
is the product of HR and SBP, was utilized.

Data Analysis: Data analysis was done with SPSS version 20. The participant characteristics and
cardiovascular responses were summarized using descriptive statistics, and gender-specific variations in the
cardiovascular responses were compared using a t-test.

RESULTS:

The results of the study were depicted in table and graph 1-4. The outcome offers information on the

cardiovascular reactions to dynamic exercise for heart rate (HR), systolic blood pressure (SBP), diastolic

blood pressure (DBP), and rate pressure product (RPP) at different times (resting, post-exercise, 3-minute

recovery, and 5-minute recovery) based on gender and BMI ratio.

Table 1: Gender and weight-dependent heart rate responses to dynamic exercise

Post- 3-Min

Gender | BMI Ratio | Resting | Exercise Recovery | 5-Min Recovery
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Men Normal 75+5 150 + 10 85+6 80+ 7
Overweight | 80 + 6 155+ 12 88 + 7 82+8
Obese 85+ 7 160 + 14 90 +8 85+9
Women | Normal 70 + 4 145+ 9 80+5 75 +6
Overweight | 75+ 5 150 + 11 82+6 78 + 7
Obese 80+6 155+ 13 85+ 7 80 +8

Graph 1: Gender and Weigh-Dependent Heart Rate Response to Dynamic Exercise
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Graph 1: This Graph shows both men and women's resting and post-exercise heart rates are greater when
their BMI is higher. Heart rate recovery is slower in obese people, which suggests a poorer level of
cardiovascular fitness. Although males often exhibit greater absolute values, the trend associated with
BMI is the same for both sexes.

Table 2: Gender and weight-dependent systolic blood pressure responses to dynamic exercise

Post- 3-Min 5-Min
Gender | BMI Ratio | Resting | Exercise Recovery Recovery
Men Normal 120+ 5 | 160 £ 10 125+6 122 +7
Overweight | 125+6 | 165+ 12 128 + 7 124 +8
Obese 130+7 [ 170+ 14 132 £8 128 +9
Women | Normal 1154 | 155+9 1205 118 £ 6
Overweight | 120+ 5 | 160 + 11 123 £ 6 120 £ 7
Obese 125+6 | 16513 128 + 7 124 +8

Graph 2: Gender and weight-dependent systolic blood pressure responses to dynamic exercise
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Graph 2: The graph shows both at rest and following physical activity, systolic blood pressure rises with
increased BMI in both men and women. At three and five minutes, obese people recover more slowly,
which indicates a decrease in cardiovascular efficiency. Although men's absolute numbers are often
greater, the trend associated with BMI is the same for both sexes.

Table 3: Gender and weight-dependent diastolic blood pressure responses to dynamic exercise

Post- 3-Min

Gender | BMI Ratio | Resting | Exercise Recovery | 5-Min Recovery
Men Normal 70+3 | 80+5 72 +4 71 +4

Overweight | 75 £ 4 85+6 71+5 76 £6

Obese 80+5 90+ 7 82+6 80+7
Women | Normal 65+3 75 + 4 67 +3 66 + 4

Overweight | 70 + 4 80+5 72 +4 70+ 5

Obese 75+5 85+6 17+5 75+6

Graph 3: Gender and weight-dependent diastolic blood pressure responses to dynamic exercise
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Graph 3: The graph shows both at rest and after activity, diastolic blood pressure increases in men and
women when BMI increases. Because of their increased vascular resistance and compromised autonomic
modulation, obese people have higher diastolic values and recover more slowly. The BMI-related tendency
is the same for both sexes, despite the fact that women typically experience slightly less pressure than men.

Table 4: Gender and weight-dependent changes in rate pressure product to dynamic exercise

Post- 3-Min 5-Min
Gender | BMI Ratio | Resting Exercise Recovery | Recovery
9000  + | 24000 + 9500
Men Normal 500 1500 600 9100 + 700
9600 £ | 25000 +|9800 @+
Overweight | 600 1700 700 9300 + 800
10200 + | 26000 | 10400 =+
Obese 700 1900 800 9900 + 900
8750 + | 21750 + 9000
Women | Normal 450 1250 500 8800 + 600
9200 £ 23000 +]9400 =
Overweight | 500 1500 600 9000 + 700
9800 | 24500 + | 10200 +
Obese 600 1750 700 9700 + 800

Graph 4: Gender and weight-dependent changes in rate pressure product to dynamic exercise
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Gender and weight-dependent changes in rate
pressure product to dynamic exercise
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Graph 4: The graph shows how the rate pressure product (RPP), a gauge of myocardial oxygen demand,
sharply increases with BMI in both men and women, especially after exercise. Obese adults have the
highest RPP levels during rest, after activity, and after recovery due to their increased heart workload and
poorer efficiency. Even though men often have higher absolute RPP values than women, the BMI-related
tendency of higher demand and delayed recovery is consistent across genders.

The rate pressure product (RPP) fluctuations for men and women according to their BMI categories are
shown in the following statistical diagram. The 3- and 5-minute recovery values are represented by the
lines, while the resting and post-exercise RPP values are represented by the bars. To emphasize the
disparities between the sexes, the data for men and women is shown in different charts.

Considering all parameters, the data suggests that dynamic exercise significantly changes cardiovascular
parameters, with larger reactions shown in those with higher BMIs. Additionally, the recovery period
shows a gradual return to baseline levels; however blood pressure and heart rate may continue to rise,
particularly in obese individuals.

DISCUSSION:

By analyzing gender-specific variations in cardiovascular responses to dynamic exercise, our study provided
insight into how young men and women adapt to physical exertion. Men's post-exercise heart rates (HR)
were higher than women's in all BMI categories. This finding is consistent with recent research by Scott
et al. (2022) that shown that while men have a higher cardiac output, they often exhibit greater increases
in heart rate during exercise.[6]

We found that the cardiovascular reactions to exercise were influenced by the BMI ratio. Men who were
fat had a consistent increase in their post-exercise systolic blood pressure (SBP) and diastolic blood
pressure (DBP) as compared to those who were normal or overweight. These results are consistent with
research by Lavie et al. (2021) that shows a link between obesity and higher cardiovascular stress levels
during physical activity.[7]

The effect of BMI ratio on cardiovascular responses, however, did not seem to be as strong in women.
Although the obese group showed modest increases in SBP and DBP, the disparities were not as great as
those seen in males. According to study done by Elliot et al. in 2021, this implies that gender may affect
the link between BMI and cardiovascular responses to exercise.[5]

Since RPP is calculated as the product of HR and SBP, it provides a valuable measure of cardiac stress
and myocardial oxygen consumption (MVo2) during exercise.[4] In our study, men frequently displayed
higher RPP values than women, which may indicate a greater heart strain during exercise. According to
this study, young males may have a higher myocardial oxygen demand during dynamic exercise due to
peripheral resistance or changes in cardiac output.

For a number of reasons, young men may have a greater myocardial oxygen demand during dynamic
exercise than young women. Young men frequently have higher cardiac outputs due to their larger hearts
and muscles, which causes their heart rates and stroke volumes to increase during exercise. This finding
is corroborated by Joyner & Green (2009), who demonstrate that young men typically had a higher cardiac
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output during exercise than women of same age and fitness levels.[13] Due to variations in their vascular
function, hormone levels, and body composition, young men frequently have lower peripheral resistance
than women. The working muscles can receive oxygen-rich blood more efficiently due to the decreased
resistance, which increases the myocardial oxygen demand (Cipolla & Osol, 2013).[14] Oskui, French,
and Herring (2012) showed that hormonal factors, such as men's greater testosterone levels, might impact
contractility and heart rate, which in turn raises the myocardial oxygen demand during exercise.[15]
However, it's critical to recognize that these cardiovascular responses are broad trends and can differ
among people due to a variety of factors, including age, fitness level, heredity, and lifestyle choices. This
emphasizes how important it is to take individual variation into account when making exercise
recommendations.

In the fields of cardiology and exercise physiology, the idea that Rate Pressure Product (RPP) acts as a
measure of cardiac workload is widely accepted. Systolic blood pressure (SBP) multiplied by heart rate
(HR) yields RPP, which is a useful measure of the cardiac workload during a variety of activities, including
exercise. This characteristic enables researchers and medical experts to make precise estimates of the
heart's energy expenditure and oxygen requirement.

Numerous investigations conducted on a variety of demographics and age groups have consistently
demonstrated that RPP rises dramatically following physical activity, both during rest and after exercise.
In a research on the cardiovascular reactions to exercise, Blair et al. (1989) discovered, for instance, that
RPP increased during exercise in comparison to resting values.[16] The heart's reaction to the working
muscles' increased need for oxygen and nourishment is shown by this spike in RPP.

It's becoming more well accepted that obese people frequently have higher RPP readings prior to, during,
and following exercise than people with normal or lower body mass indices (BMI). For instance, Grassi
et al. (2005) found that RPP increased greater after exercise in obese individuals than in non-obese
ones.[17] This indicates that obese individuals may have a greater myocardial strain during physical activity
due to their elevated resting heart rates and blood pressure.

Furthermore, a 2009 study by Kizilbash et al. examined the relationship between obesity and RPP and
exercise tolerance.[18] The results demonstrated that obese patients had significantly greater RPP levels
during exercise and the recovery period following exercise. This implies that obesity may raise heart strain
and RPP responses during and after exercise.

In conclusion, several studies in the domains of cardiology and exercise physiology corroborate the claims
made regarding RPP, its rise with activity, and the higher RPP values seen in obese people. These results
emphasize the significance of RPP monitoring as a crucial metric in evaluating cardiovascular health and
workload during physical exercise, particularly in people with cardiovascular difficulties associated with
obesity.

Implications for Exercise Prescription and Health Interventions:

Comprehending the disparities in cardiovascular reactions across genders is crucial for customizing
exercise regimens and health initiatives. These results imply that recommendations for exercise should
take gender variations into account, particularly for young individuals whose BMI ratios change. For
example, women could benefit from fitness regimens that emphasize increasing cardiovascular fitness
without placing an undue strain on the heart, whereas males would need to use other exercise techniques
to get the same results.

Limitations and Future Research:

The underlying physiological processes causing gender-specific variations in cardiovascular responses were
not investigated in this study. Future studies should look at these processes, as well as the part that
hormones, vascular function, and autonomic control play.

CONCLUSION:

Finally, our study aims to explore the possible mechanisms underlying these gender-related differences in
exercise adaptation and their implications for personalized interventions. Our study highlights the
importance of taking gender-specific cardiovascular responses into account, especially in relation to BMI
ratios, which can inform customized health and fitness interventions for young adults.
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