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Abstract

Cardiovascular fitness is an important determinant of overall health and physical performance. The recovery of
cardiovascular parameters following exercise reflects autonomic regulation, cardiovascular efficiency, and
underlying metabolic adaptation. Exercise induces several biochemical changes including increased glucose
utilization, enhanced ATP turnover, lactate production, and oxidative stress responses, all of which contribute to
physiological adaptation and recovery. The present study aimed to evaluate post-exercise blood pressure
recovery time as a marker of cardiovascular fitness and metabolic adaptation in healthy adults. A cross-sectional
study was conducted among 120 healthy adults aged 18-35 years. Participants performed a standardized three-
minute step exercise test. Blood pressure was measured at baseline, immediately after exercise, and during
recovery at 1, 2, 3, and 5 minutes. Recovery time was defined as the duration required for systolic blood
pressure to return within 10 mmHg of baseline values. Participants were categorized into high-fitness, moderate-
fitness, and low-fitness groups based on recovery time. The mean baseline systolic blood pressure and diastolic
blood pressure were 118 +8 mmHg and 76 +6 mmHg, respectively. Immediately after exercise, systolic blood
pressure increased significantly to 154 +10 mmHg. Blood pressure gradually declined during the recovery
period. Individuals with higher cardiovascular fitness demonstrated significantly faster blood pressure recovery
compared with those with lower fitness levels (p < 0.001). The findings suggest that post-exercise blood
pressure recovery time is strongly associated with cardiovascular fitness and may serve as a simple, non-
invasive marker of cardiovascular function. Recovery characteristics may also reflect underlying metabolic
adaptations associated with improved exercise tolerance and cardiovascular conditioning.
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Introduction

Cardiovascular fitness represents the capacity of aerobic and anaerobic metabolic pathways,
the heart, lungs, and circulatory system to supply resulting in  enhanced  glucose  uptake,
oxygen to working muscles during sustained glycogenolysis, fatty-acid oxidation, and ATP
physical activity. It is widely recognized as an synthesis. Individuals with superior cardiovascular
important indicator of overall health and functional fitness exhibit greater metabolic flexibility and

capacity. Individuals with higher cardiovascular
fitness demonstrate better exercise tolerance,
improved metabolic health, and reduced risk of
cardiovascular disease. [1-4]

Cardiovascular fitness is closely linked with
metabolic health. During exercise, increased energy
demand stimulates coordinated activation of
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improved efficiency of energy utilization, enabling
better exercise performance and faster recovery.
[16,17]

Exercise is also accompanied by important
biochemical responses. Accelerated glycolysis and
oxidative phosphorylation increase ATP turnover,
while lactate is produced during periods of
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increased metabolic demand. Simultaneously,
reactive oxygen species are generated as by-
products of mitochondrial respiration. Regular
physical activity enhances antioxidant defense
systems and mitochondrial efficiency, thereby
improving the body’s ability to recover following
exercise. [18,19] Recovery following exercise
represents restoration of both physiological and
biochemical = homeostasis. In addition to
normalization of heart rate and blood pressure,
recovery involves replenishment of energy stores,
clearance of metabolic by-products, restoration of
autonomic balance, and reduction of oxidative
stress. Therefore, post-exercise blood pressure
recovery may reflect not only cardiovascular
efficiency but also underlying metabolic
adaptation. [17,20]

Exercise produces a series of physiological
responses that involve the coordinated activity of
the cardiovascular, respiratory, and nervous
systems. During physical activity, there is an
increase in heart rate, stroke volume, cardiac
output, and systolic blood pressure. These changes
occur primarily due to activation of the sympathetic
nervous system and increased metabolic demands
of skeletal muscles. [2,3,5]

Following cessation of exercise, cardiovascular
parameters gradually return to baseline levels
through a process known as recovery. Recovery is
mediated mainly by parasympathetic reactivation
and withdrawal of sympathetic stimulation. The
rate at which cardiovascular parameters normalize
after exercise reflects the efficiency of autonomic
regulation and cardiovascular conditioning. [6-8]

Post-exercise cardiovascular recovery has gained
increasing attention as an indicator of
cardiovascular health. Delayed recovery may
indicate impaired autonomic function, reduced
cardiovascular fitness, or increased cardiovascular
risk. Conversely, rapid recovery is generally
associated with better cardiovascular conditioning
and improved autonomic balance. [6,8,11,12]

Blood pressure response during exercise has been
extensively studied in exercise physiology.
However, the recovery phase following exercise
has received comparatively less attention. Post-
exercise blood pressure recovery reflects multiple
physiological mechanisms, including vascular
compliance, baroreceptor sensitivity, autonomic
regulation, and cardiac efficiency. [5,9,10,12]

Measurement of post-exercise blood pressure
recovery is simple, inexpensive, and feasible in
most clinical and laboratory settings. Therefore, it
has the potential to serve as a practical marker of
cardiovascular fitness in healthy populations.
[5,9,10]
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The present study was undertaken to evaluate post-
exercise blood pressure recovery time in healthy
adults and to determine its association with
cardiovascular fitness.

Materials and Methods

Study Design: This cross-sectional observational
study was conducted in the Department of
Physiology in collaboration with the Department of
Biochemistry.

Study Population: The study included 120 healthy
adults aged 18-35 years. Participants were
recruited from students and staff volunteers.

Inclusion Criteria

e  Healthy individuals aged 18-35 years
e Both males and females
e No history of chronic illness

Exclusion Criteria

o Hypertension

e Cardiovascular disease

o Diabetes mellitus

e  Respiratory disorders

e Use of medications affecting cardiovascular
function

o Recent illness or injury

Ethical Considerations: Informed consent was
obtained from all participants before participation.
The study protocol adhered to ethical principles for
biomedical research involving human subjects.

Exercise Protocol: Participants performed a
standardized three-minute step test using a 30-cm
step bench. The stepping rate was maintained at 24
steps per minute using a metronome to ensure
uniformity of exercise intensity.

Blood Pressure Measurement: Blood pressure
was measured using a calibrated automated
sphygmomanometer.

Measurements were recorded at the following
intervals:

o Baseline (after 5 minutes of rest)
o Immediately after exercise

e 1 minute recovery

e 2 minutes recovery

e 3 minutes recovery

e 5 minutes recovery

Definition of Recovery Time: Blood pressure
recovery time was defined as the time required for
systolic blood pressure to return within 10 mmHg
of baseline value.

Fitness Classification  Participants  were
categorized into three groups based on recovery
time:
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Recovery Time

Fitness Category

< 2.5 minutes

High fitness

2.6-4 minutes

Moderate fitness

> 4 minutes

Low fitness

Biochemical Assessment: Fasting venous blood
samples were collected from all participants
following an overnight fast. Fasting blood glucose
was estimated by the glucose oxidase-peroxidase
method. In addition, serum lactate concentration
was measured using an enzymatic colorimetric
assay to assess exercise-related metabolic
adaptation. Approximately 3 mL of fasting venous
blood was collected under aseptic precautions from
each participant. Samples were processed in the
Department of Biochemistry and analyzed using
standard laboratory methods.

Statistical Analysis Data were analyzed using
descriptive and inferential statistics.

e Mean and standard deviation were calculated
for all variables.

o Differences between fitness groups were
analyzed using one-way ANOVA.

e A p value < 0.05 was considered statistically
significant.

o Fasting blood glucose and serum lactate values
were expressed as mean +standard deviation.

o Correlation between biochemical parameters
and blood pressure recovery time was assessed
using Pearson correlation analysis.

Results

Baseline Characteristics: A total of 120
participants completed the study.

Table 1. Baseline Characteristics of Study Participants

Parameter Mean + SD
Age (years) 243+£32
Baseline SBP (mmHg) 118 £8
Baseline DBP (mmHg) 76+ 6

Table 1 shows the baseline characteristics of the study participants. The mean age of participants was 24.3 + 3.2
years, and the baseline blood pressure values were within the normal physiological range.

Table 1A. Baseline Biochemical Characteristics of Study Participants

Parameter Mean = SD
Fasting Blood Glucose (mg/dL) 89.6 £ 7.8
Serum Lactate (mmol/L) 1.9+04

The baseline biochemical characteristics of
participants are presented in Table 1A. Mean
fasting blood glucose and serum lactate levels were
within normal physiological limits, indicating
normal metabolic status among the study
population. These findings suggest adequate
metabolic health and exercise adaptation in the
enrolled participants. Participants with shorter
recovery times tended to demonstrate more

favorable biochemical profiles, suggesting a
possible association between metabolic status and
cardiovascular recovery. However, further studies
are required to establish the strength of this
relationship. No significant abnormalities were
observed in the biochemical parameters, indicating
that the study population was metabolically healthy
and suitable for evaluation of exercise-induced
cardiovascular responses.

Table 1B: Comparison of Biochemical Parameters Among Different Cardiovascular Fitness Groups

Parameter High Fitness Moderate Fitness Low Fitness p-value
Fasting Blood Glucose (mg/dL) 87.8+7.2 89.5+7.9 91.2+8.1 0.08
Serum Lactate (mmol/L) 1.7+03 1.9+04 2.1+0.5 0.03

A statistically significant difference in serum
lactate concentration was observed among the
fitness groups (p = 0.03), whereas fasting blood
glucose levels did not differ significantly (p =
0.08). Lower lactate levels in the high-fitness group
may indicate enhanced aerobic metabolism and

superior exercise adaptation. Participants in the
high-fitness group exhibited lower mean serum
lactate levels compared with the low-fitness group.
This finding suggests more efficient metabolic
adaptation and enhanced aerobic capacity among
individuals with better cardiovascular fitness.
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Table 2. Blood Pressure Response during Exercise Recovery

Time Point Mean SBP (mmHg) Mean DBP (mmHg)
Baseline 118 76
Immediate post-exercise 154 84
1 minute recovery 140 82
2 minutes recovery 132 80
3 minutes recovery 125 78
5 minutes recovery 120 76

Table 2 demonstrates the changes in systolic and
diastolic blood pressure following exercise.
Systolic blood pressure increased markedly
immediately after exercise as a physiological
response to increased cardiac output and metabolic
demand. During the recovery period, blood
pressure gradually declined toward baseline levels,

reflecting restoration of autonomic balance,
normalization of peripheral vascular resistance, and
recovery from exercise-induced metabolic stress.
The observed pattern indicates effective
cardiovascular adaptation and maintenance of
physiological homeostasis following physical
activity.

Table 3. Comparison of Blood Pressure Recovery Time among Fitness Groups

Fitness Group Participants (n) Mean Recovery Time (min) SD
High fitness 40 2.1 0.6
Moderate fitness 38 34 0.7
Low fitness 42 4.8 0.9

Individuals with higher cardiovascular fitness
showed significantly faster blood pressure
recovery. Table 3 compares post-exercise blood
pressure recovery time among participants with
different levels of cardiovascular fitness.
Individuals in the high-fitness group exhibited
significantly shorter recovery times compared with
moderate- and low-fitness groups, indicating

superior  cardiovascular  conditioning.  Faster
recovery may also reflect enhanced metabolic
efficiency, improved mitochondrial oxidative
capacity, and more effective utilization of energy
substrates during and after exercise. Conversely,
prolonged recovery time in the low-fitness group
may indicate comparatively reduced physiological
and metabolic adaptation to exercise stress.

Table 4: One-Way ANOVA Showing Comparison of Blood Pressure Recovery Time Among Fitness

Groups
Source of Variation | Sum of Squares | Degrees of Freedom | Mean Square | F value | p value
(SS) (df) (MS)
Between Groups 42.6 2 21.3 21.1 <0.001
Within Groups 118.4 117 1.01 — —
Total 161.0 119 — — —

The statistically significant difference in recovery
time among the three fitness groups suggests
marked variation in cardiovascular and metabolic
adaptation among participants.

Individuals demonstrating rapid recovery are likely
to possess better autonomic regulation, improved
vascular responsiveness, and enhanced cellular
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energy metabolism, all of which contribute to
efficient restoration of homeostasis following
exercise.

A one-way ANOVA demonstrated a statistically
significant difference in blood pressure recovery
time among the three fitness groups (F = 21.1, p <
0.001).
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Systolic Blood Pressure Recovery Curve

154

o 140
=g 132
€ 118 125 120
£
o
o)
(7]
Baseline Immediate Post 1 min 2 min 3 min 5 min
Time

—@— SBP (mmHg)
Figure 1: Changes in systolic blood pressure (SBP) measured at baseline, immediately after exercise, and
during recovery at 1, 2, 3, and 5 minutes following a standardized step test in healthy adults.

The graph demonstrates a marked increase in systolic blood pressure immediately after exercise followed by a
gradual decline during the recovery period. The return of systolic blood pressure toward baseline values reflects
efficient cardiovascular regulation and recovery from increased metabolic demand. Faster normalization of
systolic blood pressure may indicate superior cardiovascular fitness and greater physiological adaptability.

Diastolic Blood Pressure Recovery Curve

DBP (mmHg)

Baseline Immediate Post 1 min 2 min 3 min 5 min

Time
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Figure 2: Changes in diastolic blood pressure (DBP) measured at baseline, immediately after exercise,
and during recovery at 1, 2, 3, and 5 minutes after the step exercise test.

Diastolic blood pressure showed a mild increase immediately after exercise followed by gradual normalization
during the recovery period. This pattern reflects restoration of peripheral vascular function, autonomic balance,

and metabolic equilibrium following cessation of physical activity.

Recovery Time by Fitness Level

Recovery Time (min)

Low Fitness

Moderate Fitness

High Fitness
Fitness Group
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Figure 3: Comparison of mean blood pressure recovery time among participants categorized into high,
moderate, and low cardiovascular fitness groups.
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Participants in the high-fitness group demonstrated
significantly shorter recovery times compared with
moderate- and low-fitness groups. These findings
suggest that individuals with better cardiovascular
fitness possess more efficient physiological
mechanisms for recovery and may exhibit
enhanced metabolic adaptation to exercise

Metabolic Interpretation of Recovery Findings:
The differences observed in blood pressure
recovery among fitness groups may be explained
not only by cardiovascular factors but also by
variations in metabolic adaptation. Exercise
imposes increased energy demands that require
coordinated cardiovascular and biochemical
responses. Individuals with superior fitness are
likely to exhibit enhanced mitochondrial function,
efficient ATP production, improved substrate
utilization, and greater resistance to exercise-
induced physiological stress. These adaptations
may contribute to the rapid recovery of
cardiovascular parameters observed in the present
study.

Discussion

The present study evaluated post-exercise blood
pressure recovery as a marker of cardiovascular
fitness in healthy adults. The results demonstrated a
significant relationship between cardiovascular
fitness level and the rate of blood pressure recovery
following exercise. [9,10,12]

Exercise causes activation of the sympathetic
nervous system, resulting in increased heart rate,
stroke volume, and systolic blood pressure. These
physiological adjustments allow the body to meet
the increased metabolic demands during physical
activity. After cessation of exercise, cardiovascular
parameters gradually return to resting levels
through parasympathetic reactivation and reduced
sympathetic activity. [2,3,5]

The speed of recovery reflects the functional status
of autonomic regulation and cardiovascular
conditioning. Individuals with higher
cardiovascular fitness tend to demonstrate more
rapid recovery due to improved cardiac efficiency,
enhanced vascular compliance, and stronger
parasympathetic tone. [6-8,12]

In addition to autonomic mechanisms, biochemical
adaptations may contribute significantly to post-
exercise recovery. Individuals with superior
cardiovascular fitness generally possess enhanced
mitochondrial density, greater oxidative enzyme
activity, and improved metabolic efficiency. These
adaptations  facilitate more effective ATP
production during exercise and promote rapid
restoration of physiological homeostasis during the
recovery period. [16,17] The normal fasting blood
glucose and serum lactate values observed in the
present study further support the presence of
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adequate metabolic regulation among participants.
Efficient glucose utilization and maintenance of
normal lactate concentrations are important
indicators of metabolic fitness and may contribute
to effective cardiovascular recovery following
exercise [16,17,18].

Lower serum lactate concentrations observed
among participants with faster blood pressure
recovery may indicate enhanced oxidative
metabolism and improved aerobic efficiency.
Lactate is an important marker of exercise-related
metabolic stress, and efficient lactate handling is
often associated with superior cardiovascular
conditioning [16,17].

The findings of this study showed that systolic
blood pressure increased significantly immediately
after exercise and gradually declined during the
recovery period. Participants with higher fitness
levels exhibited significantly shorter recovery times
compared with individuals with lower fitness
levels. [9,11,12]

These results are consistent with previous studies
that have reported an association between faster
cardiovascular recovery and better physical fitness.
Improved wvascular elasticity and enhanced
autonomic regulation may contribute to more rapid
normalization of blood pressure in physically fit
individuals. [6,9,12,14]

Exercise-induced cardiovascular responses are
closely associated with cellular energy metabolism.
Increased oxygen utilization, enhanced glucose
uptake, and efficient oxidative phosphorylation
contribute to improved exercise performance and
recovery. Regular physical activity also improves
antioxidant defense mechanisms, which help
reduce exercise-induced oxidative stress and
maintain vascular function. These biochemical
adaptations may  further  support  faster
cardiovascular  recovery in  physically fit
individuals. [18,19]

The relationship between cardiovascular recovery
and metabolic adaptation highlights the integrated
nature of physiological and biochemical responses
to exercise. Faster recovery of blood pressure may
indirectly reflect enhanced metabolic flexibility,
improved substrate utilization, and efficient
regulation of energy balance. Therefore,
assessment of post-exercise recovery may provide
insight not only into cardiovascular fitness but also
into underlying metabolic health. [17,20] Post-
exercise recovery indices have been increasingly
recognized as useful indicators of cardiovascular
health. Delayed recovery has been associated with
reduced autonomic function and increased
cardiovascular risk. [6,11,12] Because blood
pressure measurement is simple and widely
available, assessment of post-exercise blood
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pressure recovery could serve as a practical tool for
evaluating cardiovascular fitness in both clinical
and community settings. [5,9,10]

Conclusion

Post-exercise blood pressure recovery time was
found to be significantly associated with
cardiovascular fitness in healthy adults. Individuals
with higher fitness levels demonstrated more rapid
normalization of blood pressure following exercise,
indicating superior cardiovascular conditioning and
autonomic regulation. In addition to physiological
mechanisms, exercise recovery is influenced by
metabolic and biochemical adaptations, including
efficient energy utilization, enhanced mitochondrial
function, improved oxidative metabolism, and
effective regulation of oxidative stress. These
integrated physiological and biochemical responses
contribute to improved exercise tolerance and
recovery capacity. Therefore, assessment of post-
exercise blood pressure recovery provides a simple,
non-invasive, and cost-effective method for
evaluating cardiovascular fitness and may also
serve as an indirect indicator of underlying
metabolic adaptation. Incorporation of biochemical
markers in future studies may further enhance the
understanding of mechanisms linking
cardiovascular recovery and overall metabolic
health.

Limitations

o The study sample size was relatively small.

e Only healthy young adults were included.

o Long-term cardiovascular outcomes were not
assessed.

o Biochemical parameters were assessed only at
baseline; dynamic post-exercise biochemical
changes were not evaluated.

Future Implications

Future studies may evaluate dynamic changes in
serum lactate, glucose metabolism, and oxidative
stress biomarkers before and after exercise to
further elucidate the biochemical mechanisms
underlying cardiovascular recovery. Integration of
physiological and biochemical markers may
improve assessment of cardiovascular fitness and
exercise adaptation. [16-20]
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