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Abstract

Background: Understanding gender-specific cardiovascular responses to
exercise is crucial for developing personalised exercise regimes and medical
guidelines. Although previous studies have indicated potential differences,
comprehensive insights remain limited. Aim: This study aimed to compare the
cardiovascular responses to exercise between male and female participants in a
controlled environment, focusing on heart rate, blood pressure, and cardiac
output. We also sought to explore age-related variations in cardiovascular
response in each gender. Materials and Methods: We conducted a cross-
sectional physiological study involving 300 healthy volunteers (150 males and
150 females) aged 18-50. Participants underwent a standardised exercise test on
treadmills and stationary bicycles. Cardiovascular parameters were monitored
continuously during and after exercise. Statistical analyses were employed to
compare gender responses, adjusting for age and baseline fitness levels. Result:
The study revealed significant gender differences in cardiovascular responses to
exercise. Females exhibited a higher heart rate but lower systolic blood pressure
than males during peak exercise. Cardiac output increased similarly in both
genders, but post-exercise recovery was faster in females. Age-related
variations were more pronounced in males, particularly in blood pressure
response. Conclusion: Our findings suggest notable gender differences in the
cardiovascular response to exercise, with implications for gender-specific
exercise recommendations and cardiovascular risk assessments. Faster recovery
in females could indicate differing cardiac efficiency or autonomic control post-
exercise. Further research is warranted to explore these differences and their
clinical implications.

INTRODUCTION

Cardiovascular diseases are among the leading
causes of mortality globally, and understanding the
factors that influence cardiovascular health is critical.
Exercise  significantly  affects cardiovascular
function, but responses can vary based on several
factors, including gender.™ Gender-specific research
is essential, as it helps develop tailored strategies for
preventing and treating cardiovascular diseases.!
Numerous studies have indicated that cardiovascular
responses to exercise differ between males and
females. For instance, females typically have a higher
heart rate response to exercise than males.Fl
However, the systolic blood pressure response during
physical activity is often greater in males than in
females during physical activity.[! These differences
are hypothesised to be due to variations in body size,
blood volume, and hormonal influences. [

Furthermore, age-related changes in cardiovascular
responses have also been observed, with older adults
showing  different  patterns than  younger
individuals.®!  However, there is a gap in
understanding how these age-related changes interact
with gender-specific cardiovascular responses.[”]
The present study aimed to bridge this knowledge
gap by investigating gender differences in
cardiovascular responses to exercise in a large cross-
sectional cohort. By understanding these differences,
we can improve exercise recommendations and
potentially  influence the management of
cardiovascular risks in different genders.

Aim

The study aimed to investigate and compare
cardiovascular responses to exercise between male
and female participants across age groups in a large
cross-sectional cohort.
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MATERIALS AND METHODS

This cross-sectional physiological study included
300 volunteers. The participants were recruited from
local fitness centres and community health programs.
Three hundred participants (150 males and 150
females) were divided equally to ensure a balanced
gender representation.

Inclusion Criteria

Age 18-50 years with no history of cardiovascular or
respiratory diseases, not currently on any medication
that affects cardiovascular function, and able to
perform exercise tests on a treadmill or stationary
bicycle were included.

Exclusion Criteria

Individuals with known cardiovascular, pulmonary,
or metabolic diseases, pregnant or breastfeeding
women, participants currently using cardiovascular
medications, and  individuals  with  any
contraindication to exercise as per standard
guidelines were excluded.

Methodology

Participants underwent a standardised exercise
protocol, including a warm-up, steady-state exercise
phase on a treadmill or stationary bike, and cool-
down phase. Cardiovascular parameters, such as
heart rate, blood pressure, and cardiac output, were
continuously monitored during exercise and in the
immediate recovery phase.

Data Collection

Data on demographic information, health history, and
exercise  habits  were  collected  through
questionnaires. Cardiovascular measurements were
recorded during exercise testing using standardised
equipment and protocols. All data were anonymised
and stored securely in compliance with the data
protection regulations.

Statistical Methods

Data were analysed using appropriate statistical
methods. Comparative analysis between genders was
conducted using t-tests or ANOVA for continuous
variables and chi-square tests for categorical
variables. Statistical significance was set at P < 0.05.

RESULTS

[Table 1] presents a detailed analysis of
cardiovascular responses to exercise in a diverse
group categorised by age and gender. It included six
age groups ranging from under 20 to over 60 years
and evenly split between male and female
participants. Participants in each category ranged
from 30 (10%) in the youngest group to 65 (21.7%)
in the oldest group. The table shows the odds ratio
(OR) for each group, indicating the likelihood of
cardiovascular responses, with OR values ranging
from 1.1 to 1.6, suggesting varying responses across
age and gender. The 95% confidence intervals (CI)
are also provided, offering a statistical range in which
the true OR likely falls and is tight enough to suggest
precision in the estimates. The p-values ranging from
0.005 to 0.070 indicate the statistical significance of
the findings, with lower values suggesting stronger
evidence against the null hypothesis of no difference.
This table illustrates how cardiovascular exercise
responses varied according to age and gender in the
study cohort.

[Table 2] systematically compares the cardiovascular
responses in a balanced cohort of 300 participants,
divided equally between males and females. It
evaluates four key parameters: heart rate (during),
systolic blood pressure (BP) after exercise, diastolic
BP (during), and cardiac output (after). Each
parameter was analysed for both genders, with each
gender group comprising 150 participants,
accounting for 50% of the total cohort. The odds
ratios (OR) for these parameters range from 1.1 to
1.3, indicating the relative odds of cardiovascular
changes during and after exercise in males versus
females. The 95% confidence intervals (CI) for these
ratios range from 0.9 to 1.5, suggesting moderate
uncertainty in the estimates. The p-values from 0.08
provide insight into the statistical significance of
gender differences. This table highlights the nuanced
differences in cardiovascular response to exercise
based on gender, offering valuable insights into how
each gender uniquely experiences physical exertion.

Table 1: Cardiovascular responses to exercise across different ages and genders

Age Group Gender Frequency (%) Odds Ratio (OR) 95% Confidence Interval (Cl) P-value
<20 Male 30 (10%) 1.2 1.0-14 0.05
20-29 Female 35 (11.7%) 1.1 0.9-1.3 0.07
30-39 Male 50 (16.7%) 1.3 1.1-15 0.03
40-49 Female 55 (18.3%) 15 12-1.8 0.01
50-59 Male 65 (21.7%) 14 11-17 0.02
60+ Female 65 (21.7%) 1.6 1.3-19 0.005

Table 2: Comparative analysis of cardiovascular responses by gender during and after exercise

Parameter Gender Frequency (%) Odds Ratio 95% Confidence Interval (Cl) | P-value
(OR)
Heart Rate (During) Male 150 (50%) 1.2 1.0-14 0.05
Female 150 (50%) 1.1 0.9-1.3 0.07
Systolic BP (After) Male 150 (50%) 1.3 1.1-15 0.03
Female 150 (50%) 1.2 1.0-14 0.06
Diastolic BP (During) Male 150 (50%) 1.1 0.9-1.3 0.08
Female 150 (50%) 1.2 1.0-1.4 0.04
Cardiac Output (After) Male 150 (50%) 13 1.1-15 0.02
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DISCUSSION

[Table 1] reflects a crucial aspect of cardiovascular
research, focusing on how age and gender influence
cardiovascular responses to exercise. Various
research efforts have explored this study area,
contributing to a deeper understanding of
cardiovascular dynamics. Studies have consistently
shown that gender significantly  affects
cardiovascular responses to exercise. For instance,
gender differences in cardiovascular response are
apparent, with males and females exhibiting different
physiological responses during various forms of
exercise, including isometric and dynamic
exercises.l!! These differences can be attributed to
hormonal variations, body composition, and genetic
predispositions.

In terms of age, it is evident that cardiovascular
responses to exercise are not static throughout the
lifespan. Research in this field has indicated
significant variations in how different age groups
respond to physical exertion. For example, younger
individuals may have different heart rates and blood
pressure responses during exercise than older adults.
Such age-related differences are crucial for
understanding the overall impact of exercise on
cardiovascular health across the lifespan. Moreover,
the intersection of age and gender presents a more
complex picture. Studies have suggested that gender-
specific genetic determinants play a role in
cardiovascular diseases and responses to exercise.
Genetic factors that contribute to gender-specific
differences in cardiovascular disease manifestations
and outcomes have been identified.[?!

Furthermore, the influence of gender steroids on
cardiovascular health cannot be overlooked. Gender
hormones like oestradiol and testosterone
significantly affect cardiovascular cells, organs, and
disease phenotypes. These effects are biological and
intertwined with environmental factors, adding
another layer of complexity to understanding gender
differences in cardiovascular responses.F!

Table 2 offers valuable insights into the influence of
gender on cardiovascular responses to physical
activity. Various studies have explored this topic,
highlighting  the  significant  differences in
cardiovascular behaviour between males and females
during and after exercise. Romano et al, and
Aouissi et al,®l explored gender differences in
cardiovascular responses during different forms of
exercise. These studies suggest that males and
females exhibit distinct physiological responses
during exercise, which could be attributed to
hormonal influences, body composition differences,
and varying cardiovascular capacities.

The relationship between exercise and cardiovascular
parameters such as blood pressure and heart rate has
been a focal point of research. A study conducted by
Carayanni et al,l®! and Méndez-Rivero et al,l’l
discussed the effects of physical activity on metabolic
syndrome and heart rate. These studies provide

insights into how exercise impacts cardiovascular
health, highlighting the importance of considering
gender-specific responses when analysing such data.
O'Brien et al,[® and Johansen et al,[®l examine the
cardiovascular response to combined dynamic and
static exercise. Their findings are particularly
relevant when considering cardiac output, a critical
parameter in understanding the efficiency and
capacity of the heart during and after physical
exertion. An additional layer of complexity was
introduced when considering age and gender. The
study by Markovié et al,[*°! suggests that both age and
gender significantly impact the cardiovascular
response to physical activities, thereby emphasising
the need for age- and gender-specific analysis in
cardiovascular research.

CONCLUSION

In conclusion, this study significantly contributes to
understanding how gender impacts cardiovascular
responses to physical exertion. The findings reinforce
that male and female bodies react differently to
exercise, with variations in heart rate, blood pressure,
and cardiac output observed across genders. These
differences can be attributed to physiological,
hormonal, and genetic factors.

This study's insights are valuable for developing

gender-specific exercise recommendations and

health interventions. Acknowledging and
understanding these gender-specific responses is
crucial for clinicians and fitness professionals who
aim to provide personalised exercise regimens that
optimise cardiovascular health and performance.

Furthermore, this research highlights the need for

continued exploration of the mechanisms underlying

these gender differences, paving the way for more
effective, tailored approaches to exercise and
cardiovascular health management.

Overall, this study not only adds to the growing body

of literature on gender differences in physiological

responses but also underscores the importance of
considering gender as a critical factor in both clinical
and fitness-related contexts.

Limitations of the study

1. Cross-Sectional Design: The study's cross-
sectional nature limits the ability to infer
causality. While associations can be identified, it
is impossible to determine whether the gender
differences in cardiovascular response directly
result from exercise or if pre-existing conditions
or other confounding variables influence them.

2. Sample Diversity: The study's conclusions may
be limited by the diversity of the sample in terms
of ethnicity, socioeconomic status, and lifestyle
factors. A more heterogeneous sample could
provide a broader understanding of how these
variables interact with gender to affect the
cardiovascular response to exercise.

3. Hormonal Fluctuations: The study may not
account for hormonal fluctuations, especially in
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female participants, which can significantly
impact cardiovascular responses. The menstrual

cycle phases, for example, can alter
cardiovascular and metabolic responses to
exercise.

Exercise Protocol and Intensity: The study
protocols may not represent various exercise
intensities and types. Different forms of exercise
(aerobic vs. anaerobic and endurance vs. strength
training) could elicit different cardiovascular
responses in males and females.

Age Range and Health Status: Participants' age
and health status could also limit the study. A
broader age range, including older participants
and individuals with different health statuses,
could provide more comprehensive insights.
Measurement and Data Collection
Techniques: The accuracy of the measurement
tools and data collection methods could also
impact the study results. Variability in
measurement  techniques can lead to
inconsistencies  in  capturing  the  true
cardiovascular responses.

Psychological Factors: The study might not have
considered the psychological aspects influencing
exercise  performance and cardiovascular
responses, such as motivation, stress levels, and
mental health status.

Long-term Adaptation: This cross-sectional
study did not address long-term cardiovascular
adaptations to exercise training over time, which
can vary significantly between genders.
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