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Abstract

This study aimed to assess the impact of physical training on heart
rate variability (HRV) in male university ergo rowing athletes and
middle- and long-distance track and field athletes. Ninety athletes,
aged 19 to 25, underwent an intensive 8-week training program.
HRYV measurements were taken at baseline, after 4 weeks, and at the
end of the 8 weeks using a Polar HIO strap. Results showed
significant decreases in HRV across all sports: ergo rowing saw a 60%
decrease, middle-distance events a 61% decrease, and long-distance
events a 75% decrease from pre- to post-intervention. These
reductions indicate a high physiological response to intensive
exercise, suggesting that structured training positively affects
autonomic function and cardiovascular health. The findings
highlight the importance of physical training in maintaining
autonomic balance and overall cardiovascular health in athletes.
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Abstract

This study aimed to assess the impact of physical training on heart
rate variability (HRV) in male university ergo rowing athletes and
middle- and long-distance track and field athletes. Ninety athletes,
aged 19 to 25, underwent an intensive 8-week training program.
HRV measurements were taken at baseline, after 4 weeks, and at the
end of the 8 weeks using a Polar HIO strap. Results showed
significant decreases in HRV across all sports: ergo rowing saw a
60% decrease, middle-distance events a 61% decrease, and long-

distance events a 75% decrease from pre- to post-intervention.

These reductions indicate a high physiological response to intensive
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Introduction

Any nation's Heart rate variability (HRV) is among the critical
measures that define autonomic nervous system (ANS)
function and cardiovascular health. It is a measure of the
interplay between

sympathetic and parasympathetic
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functioning (Thomas et al., 2019). In this respect, HRV is of
particular interest in sports science for gaining information
about an athlete's physiological state, readiness for training,
or recovery status. This research aims to investigate whether
physical training will affect heart rate variability in university
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male athletes training in ergo rowing, middle distance, and
long-distance events in track and field. It has been suggested
that HRV is a good index for monitoring autonomic nervous
system responses to different stimuli, such as physical
training (Besnier et al., 2017).

The autonomic imbalance between sympathetic (fight or
flight) and parasympathetic activities (rest and digest)
influences the measure. In general, a high HRV would suggest
a healthful heart, with great cardiovascular effectiveness and
excellent autonomic regulation. The low values of such an
index would be linked to stress-related conditions, fatigue,
and impaired recovery. In sports, HRV becomes crucial for
maximizing performance and preventing overtraining. Such
monitoring of HRV can help coaches and athletes tailor
individual training programs to evoke the best performance
while ensuring proper recovery. This is of particular relevance
to athletes participating in endurance sports, such as ergo
rowing, and middle- and long-distance running. This proper
balance of training intensity and recovery is important to
elicit peak performance (Ghosh et al., 2023).

Hence, ergo rowing is considered one of the most
physically demanding sports, requiring a better-than-usual
amount of cardiovascular and muscular endurance. Such
athletes usually undergo very intense training sessions, which
would definitely affect autonomic function in a very
prominent way. This way, monitoring HRV in rowers can
provide valuable feedback about the physiological response to
training loads of an athlete, and it helps in preventing
overtraining by adjusting the volume and intensity of training
according to the HRV trend (Egan-Shuttler et al., 2020).
There is evidence that structured programs of endurance
training improve HRYV, reflecting improved autonomic
balance and improved efficiency in cardiovascular
performance. Events of middle and long-distance running
induce a great load on the cardiovascular and muscular
systems. This kind of athlete requires a definite training
schedule to enable him to achieve his best possible
performance without the menace of overtraining and injury.
In these respects, HRV monitoring provides the follow-up of
the athlete's recovery status and preparedness to train and
therefore helps coaches decide on adjustments to training.
Several studies demonstrated that HRV, as an index for
parasympathetic activity and autonomic regulation, is

improved after endurance training.

Literature Review:

Heart rate variability is an accepted measure of autonomic
nervous system function and a classical determinant of
cardiovascular health (Grégoire et al., 2023). The measure
details how able and ready the heart is to respond to various
physiological changes; the more significant the variability, the
more resilient, robust, and adaptive the cardiovascular
system, relating this to sports science, HRV forms an
important technique in monitoring athletic performance,
recovery, and training adaptations (Stephenson et al., 2021).
The effect of physical training on heart rate variability is
dramatic. Various modes of exercise training exert specific
effects on autonomic function. Endurance training, HIIT, and
resistance training specifically affect HRV measures.
Systematic physical training seems to improve HRV in a
manner that may suggest improved autonomic regulation
and increased cardiovascular efficiency.

For example, Grissler et al. (2021) found that in the
process of endurance training, the HRV was greatly
improved, hence indicating an increase in parasympathetic
activity and thus cardiovascular health. Another study
reported that university athletes majoring in endurance
sports, such as rowing, middle-distance running, and long-
distance running, have concluded that HRV monitoring
provides vital information concerning actual training status
and recovery needs. In a study conducted on university
rowers, 8 weeks of endurance training significantly increased
HRV parameters, thus improving autonomic balance and
reducing cardiovascular strain at rest (Santos et al., 2022).
Such results led to the realization that rowing is probably one
of the most highly demanding sports at both the
cardiovascular and muscular levels, thus making HRV an
important metric for tracking training adaptations and
recovery in this sport. Heavy cardiovascular and muscular
demands are characteristic for middle-distance and long-
distance runners as well. For this reason, their training
regimens have to be very precise to achieve perfect
performance, avoiding overtraining (Parry-Williams &
Sharma 2020), In this study it was found that elite long-
distance runners had higher HRV than their recreational
counterparts. It reflects better cardiovascular health and
recovery capacity.

Research Methodology
Participants

This research involved 90 male university athletes from three
famous universities in Lahore: The University of the Punjab,

Vol. IX, No. II (Spring 2024,
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Government College University Lahore, and the University of
Central Punjab, Lahore. PU contributed 60 athletes with 20
athletes in each sports category, while GCU and UCP
contributed 15 athletes in each category. In this study,
athletes were selected by convenient sampling, and
categorized into three different groups: 30 each in ergo
rowing, middle-distance running, and long-distance running.

Inclusion and Exclusion Criteria

Age Range: Participants were aged 19 to 25, meeting the
eligibility requirements for the HEC Inter-varsity sports
competitions.

Educational Background: Athletes were currently enrolled in
public or private universities in Lahore.

Competition Participation: All participants actively competed
in the 2022-23 HEC Inter-varsity sports competition.

Drug and Medication-Free: Participants using drugs or
medications were excluded.

Health Requirements: Individuals with a history of endocrine
disorders were excluded.

Heart Rate Variability Assessment

The Polar H10 strap was used for HRV testing. It was carefully
placed at the sternum, aligned with the xiphoid process,
following Souza et al. (2019). Participants abstained from
caffeine and alcohol for 48 hours before data collection. They
underwent a 5-minute adaptation period in a supine position,
followed by a 10-minute HRV recording in the same position.
The environment was kept quiet and free from disturbances,
and participants were instructed to remain silent and still.
Data collection was managed by the same research team to
ensure consistency. The data were uploaded to the Elite HRV
Team Dashboard App for processing and storage.

Statistical Analysis

Data were analyzed using GraphPad Prism version 6.0
software. Results were presented as Mean + SEM and
assessed using a two-tailed paired sample t-test to evaluate
the effect of the physical training program on Heart Rate
Variability (HRV). Analysis of Variance (ANOVA) was used
to explore the effect of physical training on HRV for each

sports category.
Results
Figure 1
Average heart rate variability score in comparable ergo-rowing groups. Values are Mean + SEM, ***indicate significance at P
<0.001
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Figure 2

Average score of heart rate variability in comparable groups of middle distance. Values are Mean + SEM, ***indicate
significance at P < 0.001
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Figure 3

Average heart rate variability score in comparable long-distance groups. Values are Mean + SEM, ***indicate significance at
P<0.001
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Long Distance

Table 1
Group Comparison of Heart Rate Variability in Ergo Rowing, Middle Distance and Long Distance

Group Comparison
Heart Rate Variability in Ergo-rowing
Group Comparison Means + SEM Means + SEM Percentage difference

Pre-Test vs Mid-Post 229+0.14 1.45 + 0.08 36

Pre-Test vs Post-Test 2.29+0.14 0.91+£0.03 60]***

Mid-Post vs Post-Test 1.45+0.08 0.91+0.03 37+
Heart Rate Variability in Middle Distance

Pre-test vs Mid-Post 2.68+ 0.09 1.54+ 0.08 42 | *

Pre-test vs Post-test 2.68+0.09 1.05+ 0.06 61

Mid-Post vs Post-Test 1.54+0.08 1.05% 0.06 32+

Heart Rate Variability in Long Distance

Pre-Test vs Mid-Post 2.78 £0.13 1.40 £ 0.08s 51
Pre-Test vs Post-Test 2.78 £0.13 0.70 £ 0.04 750+
Mid-Post vs Post-Test 1.4+ 0.08 0.70 £ 0.04 500

As shown in Table 1, the data offers significant reductions in
HRYV variables across different modalities, exercise types, and
testing points. Among those is ergo-rowing, with a decrease of
36% from pre-test to mid-post, 60% from pre-test to post-test,
and 37% from mid-post to post-test all highly significant (<
0.001). For middle distance, there was a 42% decrease from pre-
test to mid-post, a 61% decrease from pre-test to post-test, and a
32% decrease from mid-post to post-test; this was also highly
significant (< 0.001). The long-distance HRV had a 51% decrease
from pre-test to mid-post, an absolute 75% decrease from pre-
test to post-test, and a 50% decrease from mid-post to post-test
all significantly significant (< 0.001) as well. These were
consistent, and quite major, reductions, suggesting a robust
physiological response to the long and intense physical activity
with the greatest changes from pre- to post-test across all
modalities.

Discussion

The objective of the study was to monitor the effect of 8 weeks of
physical training on heart rate variability of the ergo rowing,
middle, and long-distance players before the start of training
after four months of training and before the competition.

The heart is essential for the proper functioning of the
human body, and a well-operating cardiac system is necessary
for a healthy life. The heart possesses its nervous system, known
as the neuro-cardiac system, in which the autonomic nervous
system (ANS) plays a crucial role. The interplay between the
sympathetic and parasympathetic systems within the ANS is

104| P age

instrumental in regulating heart rate variability (HRV) (Lenger
et al., 2022). In elite players, there is a constant requirement for
a delicate balance between psychological and physiological stress
levels and recovery to achieve maximum output. The evaluation
of heart rate variability (HRV) furnishes a non-invasive
approximation of physiological and psychological stress levels,
presenting potentially significant insights into health,
performance, and adaptability (Deblauw et al., 2023). The
fluctuations of a robust heart are intricate and perpetually
dynamic, enabling the cardiovascular system to adapt to abrupt
physiological and psychological disturbances to equilibrium
swiftly (Saghiv et al., 2020). While the high-frequency (HF) peak
is generally accepted as a marker of cardiac parasympathetic
nervous activity, the more complex low-frequency (LF) peak is
usually considered to have a prevailing sympathetic component
(Hayano et al., 2021; Lee, 2021). A low LF/HF ratio is an
indication of cardiac abnormality, while a high LF/HF ratio
indicates some kind of pathology. This ratio is modulated by
genetic predispositions, physiological and pathological states,
psychological influences, conditions,
lifestyle choices (Tiwari et al., 2021). Rowing is a high-intensity
game requiring pronounced force in anaerobic and aerobic
capacity (Treff et al., 2021; Held et al., 2023).

environmental and

In our investigation, a prominent reduction in the LF/LH
was evidenced after the mid-post competition, which indicates
that heart variability decreases after continuous training.
Moreover, a similar trend was noticed after the post-test
condition. This shows that training for two months significantly

Global Educational Studies Review (GESR)
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improves the cardiac output of the players. Generally, LF/HF
demonstrates autonomic nervous system balance. Pertinently, a
low LF/HF ratio indicates parasympathetic nervous system
(PSNS) dominance, whereas an increased LF/HF ratio shows
sympathetic nervous system (SNS) dominance (EI-Malahi et al.,
2024) in an investigation by Deblauw et al. (2023), five female
elite rowers were recruited. In this investigation, HRV and
psychometrics were measured. This research did not attribute an
HRV score to on-water rowing performance during an elite
competition.

Hence, the reduced score of LE/HF in ergo-rowing, middle-
distance, and long-distance players after two months of training
indicates that their player's cardiac health improves after
training. This phenomenon further forecasts the enhanced
performances of elite athletes in intensely competitive
environments. Different investigations have documented
different HRV trends in their settings. In an investigation by
Martinelli et al. (2005), 11 nonactive men and 10 trained cyclists
(C) were
electrocardiogram (ECG) Holter monitoring to evaluate heart
rate variability (HRV) at rest and during a 70-degree head-up tilt
(HUT). In this study, the superior aerobic capacity of athletes
was indicated by elevated oxygen consumption (VO2) values at
both the anaerobic threshold and peak conditions. The findings

recruited.  Participants underwent dynamic

suggest that the resting bradycardia observed in athletes may be
attributed more to changes in intrinsic metabolism than to
alterations in autonomic regulation. Besides, HUT induced
similar changes in both groups for sympathetic and
parasympathetic modulation of the sinus node. According to the
results obtained from the study, Pagani and his group suggested
that the ratio of LF to HF, LF/HF, would be a quantitative index
explaining the dynamic balance between the sympathetic and
parasympathetic nervous activities in health and in a variety of
diseases (Nicolini et al., 2024).

Future Direction

Several key areas would show a necessary future step in research
into the effect of physical training on heart rate variability in
university male athletes, with the aim to help enhance
understanding and application of results.

Wider demographics of participants

Including female athletes and wider age ranges would
generalize findings on HRV responses.

Longer Study Period

Investigations involving athletes for a period exceeding the first
eight weeks could clarify long-term physiological adaptations
and whether HRV changes are maintained with more prolonged
training.

Other Athletic Events

Athletes specializing in various sports team games, and
individual events might point to possible sport-specific effects
on HRV and, consequently, specify unique adaptations in
training.

Advanced HRV metrics

Calculation of further advanced metrics in HRV, with the
consideration of other physiological markers, such as blood
biomarkers, hormonal profiling, and genetic predisposition,
may help in further elucidating the mechanisms of change in
HRV.

Manipulation of training intensity and volume

Knowing how this varied training intensity and volume impacts
HRV would allow coaches and athletes to devise suitable training
programs to elicit maximum cardiovascular and autonomic
adaptations.

Psychological Correlates

The relationship between HRV and psychological variables, such
as stress, anxiety, and mental fatigue, can be explored in research
to help more fully define the holistic effects of training on an
athlete's mental and physical health.

Recovery Modalities

Any such studies that relate to the effectiveness of recovery
interventions, such as sleep, nutrition,
techniques, on HRV, can prove to be very significant in terms of
constructing multidimensional recovery programs for athlete
well-being.

and relaxation

Wearable technology integration:

Wearable devices could constantly monitor the HRV, thus
making the HRV research, in the application, more relevant to
sports.

These suggestions will enable future studies to progress from the
existing knowledge toward a deeper understanding of the impact
of physical training on HRV and support optimizing athletic
performance and, generally, health

Vol. IX, No. II (Spring 2024
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