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While humans have explored many ways to measure heartbeats and relate that to health since the dawn of civilization, heart rate
variability (HRV) is an emerging research topic in the last decade. HRV is a measure of the change in timing between successive
heartbeats. Researchers have been exploring HRV’s connection to various aspects of health, including mental well-being,
stress management, and cardiovascular health. While optimal HRV levels differ from person to person depending on genetics
and environmental factors, it is generally accepted that increased HRV can improve overall health. This research focuses on
analyzing the relationship between HRV and day-to-day activities. The hypothesis that HRV is impacted by the physical and
mental state of a person was evaluated using a smart watch paired with a mobile phone. The procedure involved measuring HRV
before and after various activities and analyzing collected data. The results indicate that breathing pattern is a critical factor in
determining both heart rate (HR) and HRV. HRV during deep breathing was almost twice as much as that of HRV during shallow
breathing. Also, HRV was greater after sleep, rest and a peaceful mental state and declined under stressful conditions. Further
research can include HRV after more specific activities such as exercising, spending large amounts of time on social media, and
involving more subjects. Recommendations are proposed for healthy youth to monitor and improve HRV during daily activities.
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Introduction

Since the discovery of Heart Rate (HR) measurement, human
civilization has been intrigued by how it relates to overall hu-
man health. In recent years, Heart Rate Variability (HRV) has
caught the attention of scientists, health professionals and ath-
letes1–5. There has been a noticeable increase in HRV research
over the past two decades6,7. Researchers have been explor-
ing HRV’s connection to various aspects of health, including
stress management and overall cardiovascular health. Studies
have investigated HRV biofeedback as a method to improve
HRV and, consequently, overall health8.

In 300 BC, in Ancient Greece, a physician named Herophi-
los first documented how to measure heart rate9. In the early
1700s, Reverend Stephen Hales made the discovery that the
beat-to-beat interval of the heart varied based on breathing.
Building upon this foundation, in 1847, Carl Ludwig was the
first scientist to measure Respiratory sinus arrhythmia (RSA),
which is a type of HRV that relates to a person’s breathing cy-
cle. In that, the heart rate increases when the person inhales
and decreases when a person exhales10. As time went on,
other scientists discovered new and improved ways to mea-
sure HR and HRV.

HR is the number of times the heart beats in a minute. The
heart does not beat at a steady rate and usually has a small vari-
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ation in time between successive heart beats, which can only
be measured using special devices11. HRV is a measurement
of this variation between heart beats12. The HRV is typically
measured in terms of milliseconds. The heart rate variation is
controlled by the autonomic nervous system (ANS) that con-
trols critical tasks such as breathing, heart rate, blood pressure
and digestion13. ANS is divided into two parts (1) the sym-
pathetic nervous system that dominates the fight or flight re-
sponse during stress and (2) the parasympathetic nervous sys-
tem that dominates the body response during relaxed condi-
tions. The brain is constantly processing feedback from the
ANS and is instructing the body, including the heart, to re-
spond to the environmental conditions. Stressful conditions
tend to reduce the HRV as the heart tries to beat at a steady
speed, while relaxed conditions tend to increase HRV. Higher
HRV is considered to be better for health. The optimal range
for HRV number can vary for each individual14. This research
is not focused on finding the optimal HRV; rather, it focuses
on relative trends in HRV under various physical and mental
conditions in a healthy young individual.

Discussion of Previous Literature

Heart rate variability (HRV) has been widely studied as an
indicator of autonomic nervous system function and overall
health. Research has consistently shown that HRV reflects the
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Fig. 1 Process for tracking HRV using Apple Watch & iPhone. Image created by the author using PowerPoint software and images from
apple.com

balance between sympathetic and parasympathetic activity,
making it a useful marker for stress, recovery, and cardiovas-
cular health. For example, Shaffer and Ginsberg (2017) pro-
vide a comprehensive overview of HRV metrics and conclude
that higher HRV is generally associated with better physio-
logical resilience and adaptability6. Similarly, Thayer et al.
(2012) highlight the strong relationship between HRV and
emotional regulation, linking reduced HRV to stress and anx-
iety15.

Several studies have explored the relationship between
HRV and physical activity. Plews et al. (2013) further demon-
strated that endurance athletes with higher HRV tend to have
better performance outcomes, reinforcing the connection be-
tween HRV and physical fitness16.

The impact of breathing on HRV has also been extensively
documented. Lehrer and Gevirtz (2014) showed that slow,
controlled breathing significantly increases HRV by enhanc-
ing parasympathetic activity17. This aligns with the findings
of this study, where deep breathing produced higher HRV val-
ues. Laborde et al. (2017) also emphasize the importance
of standardized breathing conditions when measuring HRV to
ensure accurate comparisons7.

Mental stress and emotional stimuli have been shown to re-
duce HRV. Kim et al. (2018) found that psychological stress
leads to decreased HRV due to increased sympathetic activa-
tion18. Additionally, studies such as Castaldo et al. (2015)

demonstrate that HRV can be used as a reliable indicator of
mental workload, particularly in cognitive and stressful envi-
ronments. Despite the extensive research, several gaps remain
in the literature19. Many studies rely on controlled labora-
tory environments, which may not reflect real-world condi-
tions. Additionally, while wearable devices like smartwatches
are increasingly used for HRV monitoring, concerns remain
regarding their accuracy compared to clinical-grade ECG sys-
tems (Georgiou et al., 2018)20.

Another limitation in existing research is the lack of long-
term, individualized studies that track HRV changes across
daily activities in natural settings, particularly in healthy youth
populations. Overall, while the literature strongly supports
the relationship between HRV and physical and mental states,
there is a need for more accessible, real-world studies us-
ing wearable technology. This study contributes to that gap
by analyzing HRV trends in everyday conditions using a
smartwatch-based approach.

Hypothesis

HRV is directly related to the physical and mental state of a
person. HRV monitoring using a personal smartwatch can be
used to develop recommendations to improve HRV and hence
long-term health.
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Experimental/Methods

Test Subject Information

The test subject was the author himself, who is a 6 foot, 135
lb, 14-year-old male with no prior medication, and is vac-
cinated, there are no known medical conditions. Active in
school sports. All other information cannot be disclosed for
privacy.

This research focuses on measuring and monitoring the
author’s HRV during various day-to-day activities. There
are many different methods and devices for measuring HRV.
Some examples are the Apple watch (the device used in this
experiment), Polar heart rate sensor, Oura ring, and Suunto
smart sensor and ECG. Each device has its own pros and cons
but many of the Bluetooth devices had a hard time consistently
connecting to the Health app. The Polar heart rate sensor was
tried during the early phases of this research. It proved to be
dysfunctional and wouldn’t connect to the Health app on the
apple watch. ECG or electrocardiography is a method used
to measure the electrical activity of the heart and is consid-
ered the gold standard for diagnosing cardiac rhythm abnor-
malities and other heart conditions6. However ECG monitor-
ing usually occurs in medical settings and requires specialized
equipment and personnel. In contrast the smart watch uses
photoplethysmography (PPG), an optical technique that esti-
mates heart rate and heart rate variability (HRV) by detecting
changes in blood volume using light sensors on the wrist21.
The smart watch seemed like the best device to use since it
was easily available, is convenient, and relatively easy to use
during various activities planned for this research.

There are no clear published instructions on how the smart
watch and mobile phone can be used to monitor and track
HRV. Therefore, some period of this research project was fo-
cused on developing a methodology to track HRV. Figure 1

shows the process used for this research. The smart watch
measures heart rate using green LED lights that detect changes
in blood flow through the wrist using a method called photo-
plethysmography22. The Health app in the mobile phone has
two ways of capturing HRV through the smart watch, either
the watch will randomly measure HRV, typically once in a few
hours or one can use the Mindfulness app in the smart watch
to measure their HRV. The Mindfulness app guides the user
through a paced breathing exercise by providing instructions
to slowly inhale and exhale. During this one-minute session,
the app continuously monitors and records heart rate (HR), it
then sends this data to the mobile phone, which then calculates
the average HRV for the minute. In this way the Health app
is like data base that collects data from the smart watch and
stores and calculates HRV23. It is generally preferable to mea-
sure HRV during a mindfulness session, as the user is more
focused and conditions are more controlled; however, the ran-
domly captured measurements remain valuable because they
provide a more natural, unbiased view of HRV throughout the
day. Both types of readings are used in this research.

The smart watch uses the SDNN method to measure
HRV24. This means standard deviation between the succes-
sive heartbeat intervals. Figure 2 shows recreation of one set
of HR data collected using the mindfulness app in the smart
watch and calculating HRV using the SDNN method. Once
the HRV was measured, it was transferred into a google sheet
for further data processing. The major trends observed were
repeated at least two times to make sure that they were not
outliers. Some of the experimental details are omitted to pro-
tect privacy. This experimental procedure can be utilized for
future research that may involve collecting data from multiple
individuals.

The SDNN method (Standard Deviation of Normal-to-
Normal intervals) quantifies heart rate variability by calculat-

Fig. 2 Recalculation of the reported HRV using SDNN method. Image created by author using spreadsheet software and data collected from a
single mindfulness session using apple watch.
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Fig. 3 Heart rate (BPM) during a mindfulness session. Image created by author using spreadsheet software and data collected using apple
watch.

ing the standard deviation of the time intervals between suc-
cessive normal heartbeats (RR intervals). In this approach, all
normal RR intervals are first collected over a recording period,
and their mean value (RR−) is computed. Then, each individ-
ual interval is compared to this mean, and the squared differ-
ences are summed across all intervals. This sum is divided
by N − 1 (where Nis the total number of intervals) to obtain
the variance, and the square root of this value is taken to yield
SDNN. This process captures the overall dispersion of heart-
beat intervals, with higher SDNN values indicating greater
variability and better autonomic flexibility, and lower values
reflecting reduced variability often associated with stress or
fatigue.

Baseline was taken before each experiment and the months
leading up to experimentation. About 150 readings were taken
as baseline prior to experimentation. Methods used for each
experiment are described below:

Experiment 1: Understanding HRV Measurement and
Breathing Cycle
Purpose: To understand how HRV is calculated and how it
relates to breathing patterns.

Method: This experiment was done at a resting state and
was repeated at the same time of the day, after waking up in
the morning. During a Mindfulness session, heart rate (beats
per minute) was recorded alongside inhale and exhale timing.
During data collection, inhale-exhale timing was manually

recorded using a stopwatch to assess the impact of breathing
on heart rate. The intervals between successive heartbeats (RR
intervals) were calculated, and HRV was independently re-
computed using the SDNN method to validate device-reported
values.

Experiment 2: Impact of Breathing Patterns on HRV
Purpose: To evaluate how controlled breathing influences
HRV.

Method: Two breathing conditions were tested:

• Deep, slow breathing following mindfulness app instruc-
tions.

• Rapid, shallow breathing 4X times the speed of the Deep
breathing.

Each condition was performed using the Mindfulness app,
and HRV values were recorded. All other factors such as pos-
ture and time of day were kept consistent. The experiment
was repeated multiple times over approximately three weeks
to ensure consistency and reduce random variation.

Experiment 3: Daily HRV Trends
Purpose: To analyze how HRV varies throughout a typical day.

Method: HRV data was collected continuously using pas-
sive tracking and supplemented with Mindfulness session
readings. Measurements were recorded across multiple days,
and trends were analyzed based on time of day, including
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morning, afternoon, and evening periods. Subject was sitting
during HRV readings regardless of at home or in class.

Experiment 4: HRV Response to Watching a Horror Movie
Purpose: To determine how a horror movie can influence HRV.

Method: HRV was measured immediately before watching
Duel, a suspenseful movie. Changes in HRV were compared
to baseline values to assess the physiological impact of each
activity. Stress levels were self reported.

Experiment 5: HRV Response to Exercise
Purpose: To determine how exercising can influence HRV

Method: HRV was measured immediately before and after
exercising on the treadmill for 40 min. Changes in HRV were
compared to assess how HRV was impacted by physical state.

Results and Discussion

Understanding HRV Calculation on Smart device

The initial part of the research focused on studying the vari-
ations in heartbeats during data collection using the Mindful-
ness app and analyzing how the HRV is calculated. An exam-
ple of heart rate measurements (beats per minute, BPM) col-

lected using a mindfulness app on the smart watch is presented
in Figure 3. As shown, HR was higher during inhalation and
much lower during exhalation, with the cyclic pattern becom-
ing more evident after the first cycle. After peaking during in-
halation HR would decrease and begin to increase again. This
observation seems to be in line with the observations reported
in the literature starting with study done by Carl Ludwig in
1847.

Figure 4 shows the plot of times between each successive
heartbeats or RRi vs time. RRi (R–R interval) is the time
between successive heartbeats, measured between R-peaks in
the heart signal. In this study, it was recorded using a smart
watch, which detects each heartbeat and calculates the time
between them in milliseconds. RRi has an inverse relation-
ship with heart rate: when heart rate increases, RRi decreases,
and when heart rate decreases, RRi increases. Recording RRi
is important because it provides the raw data for calculating
heart rate variability (HRV), allowing analysis of how the au-
tonomic nervous system responds over time.

The calculated value of HRV was 117 ms which was not the
same as the value reported by the smart watch. It is noted that
the Apple watch typically removes outliers to calculate HRV,
so after removing 3 outliers (out of 54 points) the calculated
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Fig. 4 Determination of HRV using Heartbeat variation. Image created by author using spreadsheet software and data collected using apple
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Fig. 5 Impact of breathing pattern on HRV. Image created by author using spreadsheet software and data collected using apple watch.

and reported HRV values were the same at 110 ms. The smart
watch is known to provide accurate HRV measurements25.

Impact of breathing patterns on HRV

Breathing patterns can be correlated to the mental and physi-
cal stage of a person, and the next phase of this research tried
to investigate the relationship between breathing patterns and
HRV. Figure 5 shows the HRV data during the deep and shal-
low breathing sessions.

Based on the data, breathing patterns have a big impact on
HRV. The X axis represents the number of experiments that
took place. Deep breathing usually produces a higher HRV
while shallow breathing produces a lower HRV. HRV during
deep breathing was almost twice that of HRV during shallow
breathing under similar mental and physical conditions. These
results strongly indicate that controlling the breathing pattern
can help with improving HRV. On the other hand, it can be
hypothesized that under stressful conditions the breathing can
get shallower resulting in lower HRV. This topic can be part of
future research including testing this hypothesis with multiple
subjects.

Daily trends of HRV

Figure 6 shows the typical HRV trend throughout a given day
for two separate days. Each point on the graph represents an
HRV reading during the day. The Mindfulness readings with
deep breathing are plotted using a star symbol. The following
trends were observed:

1. HRV usually went up after a Mindfulness reading was
taken since the Mindfulness app makes one take deep
breaths and as stated before, deep breathing had in-
creased HRV. Which is why the reading after 8 pm in
the left figure spiked.

2. In the morning after waking up, HRV started higher and
had an overall decrease throughout the day. This data
shows that rest/sleep can potentially be key factors to im-
proving HRV. Even if HRV spiked during the day, morn-
ing HRV tended to be higher than the evening HRV.

3. Day to Day activities and fatigue can reduce HRV, and in
the graphs, typically after 7 pm HRV tends to be low.

HRV trends during specific activities

Figure 7 shows HRV trends measured before and after watch-
ing a suspenseful movie. The result indicated that HRV went
down significantly after watching a 90 min suspenseful movie
and it recovered after some time. Figure 8 shows HRV trends
measured before and after running on a treadmill. It also
shows the recovery of HRV in the half hour period after ex-
ercise. The result indicated that directly after exercising HRV
decreased significantly and took time to increase to the initial
level. These results suggest that stressful activities may im-
pact HRV negatively. A few more specific activities such as
violin concert and school classes were monitored, without ob-
serving significant or meaningful variation beyond the daily
trends discussed before.
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Fig. 6 Daily trends of HRV. Image created by author using spreadsheet software and data collected using apple watch

Autonomic Nervous System

The heart is controlled by the autonomic nervous system
through the parasympathetic and sympathetic nervous system
as discussed in the introduction26–30. Figure 9 shows some of
the activities that may impact HRV by affecting the nervous
systems and eventually the heart function.

Conclusions, Limitations, & Future Research

This research focused on analyzing the relationship between
HRV and day-to-day activities. The hypothesis that HRV is
impacted by the physical and mental state of a person was
evaluated using a digital watch paired with a mobile phone.

The results indicated that breathing pattern can be a critical
factor in determining both heart rate (HR) and HRV. HRV
during deep breathing was almost twice as much as that of
HRV during shallow breathing. The data collected showed
that HRV was generally greater after sleep, rest and a peaceful
mental state and declined under stressful conditions.

Limitations of this study include the use of data from only a
single individual, which limits the generalizability of the find-
ings. Additionally, the data collection process required man-
ual transfer into an Excel spreadsheet, introducing a potential
for error. The study also did not examine the long-term ef-
fects of consistently performing specific activities, nor did it
analyze variations in HRV during sleep, both of which could
provide deeper insight into physiological patterns.

Fig. 7 Impact of suspenseful/stressful movies on HRV. Image created by author using spreadsheet software and data collected using apple
watch.
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Fig. 8 Impact of exercise on HRV. Image created by author using
spreadsheet software and data collected using apple watch.

Future research should expand this study by including a
larger and more diverse sample size to improve the generaliz-
ability of the results. Incorporating automated data collection
and integration methods would also reduce the risk of error
and increase the efficiency and accuracy of data handling. Ad-
ditionally, longitudinal studies examining the effects of spe-
cific activities over extended periods of time would provide
deeper insight into how sustained behaviors influence HRV.
Further investigation into HRV patterns during sleep could
also be valuable, as sleep is a critical period for physiologi-
cal recovery and autonomic regulation. Exploring these areas
would help develop a more comprehensive understanding of
how daily activities impact heart rate variability.

4.2 Autonomic Nervous System Basics – Nursing Pharmacology
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Fig. 9 Relationship between HRV and Nervous system. Image
created by author using PowerPoint software using inspiration from
4.2 Autonomic Nervous System Basics – Nursing Pharmacology
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