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Abstract: Background: The heart is the central organ of the circulatory system, which maintains
the flow of blood along with the transport of nutrients to different cells and tissues. A well-function-
ing cardiac state is a complicated mode of changeability. A healthy heart is not only about oscilla-
tion, as the rhythmometer is not the same in every circumstance. Heart rate shows variations so that
it can be regulated according to psychophysiological conditions to maintain the effect of the inter-
nal-external stimulus.

Objective: The main objective of this review is to provide a piece of all-inclusive information
about heart rate variability (HRV) and different variables affecting HRV. The direct interconnec-
tion so that HRV can be used in clinical practices.

Methods: This review article contains a detailed survey of literature about HRV available in differ-
ent online sources such as; Google Scholar, Science Direct, PubMed, and Web of Science, etc. In
this review, the authors have focused on the role of the autonomic nervous system in the regulation
of HRV and the role of various factors affecting HRV.
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lungs, and non-striated muscles are innervated by cardiac sympathetic nerves. This division of
ANS latches upon the heart accordingly via the cervicothoracic ganglion and vagus nerve. It is
found that cardiac normal variability depends upon this stimulation towards the sinoatrial node
(pacemaker), which can be evaluated by analyzing the HRV. In human-based studies, it has been
found that a low level of HRV is one of the main causes of death rate among adults. Hence, HRV
helps in identifying the risk of cardiac diseases and the state of ANS.

Conclusion: The heart plays a vital role in the human body and the well-functioning of the cardiac
system is the need for a healthy life. The heart contains its nervous system termed as neurocardio
system in which ANS plays a key role in which the sympathetic and parasympathetic systems inter-
play to regulate HRV. High HRV is associated with healthy condition, while low HRV is associat-
ed with pathological conditions. The HRYV is influenced by various variables such as; pathological,
physiological, psychological, environmental factors, lifestyle factors, and genetic factors, efc.
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1. INTRODUCTION

The heart is considered an exclusive structure that plays
a vital role in the human body. Now, it is well known that
the heart is an electromechanical pump that propels oxyge-
nated blood proportionately to the demand and receives de-
oxygenated blood from all over the body [1], and this activi-
ty depends upon the myocardiocytes of the myocardium
(Frank-Starling Law). Though it is not clear that stress or
other determinants may alter the cardiac structure and func-
tioning but similar to other human organs, the heart is also
prone to diseases such as hypertension, heart stroke, cardiac
myopathies, angina, valvular diseases, efc. Its functioning is
also influenced by age, lifestyle, lack of exercise, physical
activity, metabolic disorders, nutrition state, physiological
changes, and pathological conditions, etc., [2].

The heart works actively, steadily and also establishes an
interaction with the brain. This interconnection is termed as
neurocardiology [3]. It plays a pathophysiological role in
which the heart sends the information to the brain via affer-
ent nerve for maintaining homeostatic equilibrium [4]. This
heart-brain system consists of compound ganglia altogether
termed as ganglionic plexus. It contains intrinsic cardiac gan-
glia, which have afferent nerve fibers for receiving informa-
tion, local circuit ganglia are the interneuron and efferent
ganglia which transmit a signal through sympathetic and
parasympathetic neurons [5]. The increasing scientific evi-
dence about brain-heart interactions is playing a key role in
the management of cardiovascular diseases. The heart also
possesses an intrinsic cardiac nervous system that processes
the sensory information from other organs, blood vessels,
and even from the heart to maintain cardiac activity [6].
Though the elaborated information about the properties of
the intrinsic cardiac nervous system is not available, this in-
formation is considered important during cardiac clinical
practices.

Since the past decades, researchers have analyzed the in-
terconnection between the death of individuals due to cardio-
vascular problems and involvement of the ANS in the regula-
tion of cardiac activity. It has also been observed that cardi-
ac activities are constantly controlled by the autonomic ner-
vous system (ANS) that influences the changes in time per
heartbeat. Hence, heart rate variation also assesses the role
of the ANS in cardiac activity [7].

2. HEART RATE VARIABILITY (HRV) AND IN-
VOLVEMENT OF THE NERVOUS SYSTEM

Cardiac function is not only to circulate blood through-
out the body but also to collaborate with other body func-
tions. In this activity, HRV plays an important role. Various
factors influence the cardiac rhythm and cause variation be-
tween two consecutive heartbeats. The cardiac output is regu-
lated by the central nervous system by the neural and en-
docrine pathways.

HRYV is also called variability in beat-by-beat heart peri-
od, which is an intrinsic attribute of cardiac functioning [8].
Heart rate can be defined as the number of heartbeats in a
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minute and HRV is the variation among heartbeat in a specif-
ic period. Variability is accessed by analyzing the shuffling
of heartbeat in 24 hours. It has been noticed that the heart-
beat frequency is not constant. It may be assumed that if we
assess the heartbeats at the rate of 60 beats per minute (BP-
M), then actually, it does not reflect a rate of one second for
one beat while mathematically, it must be one beat every se-
cond. It is suggested that there is a variation of time in heart-
beats and it may be like 0.9 seconds, 1.2 seconds, or more
among heartbeats.

HRV and heart rate are two different indicators, in
which heart rate is calculated by counting heartbeats in a
minute while HRV changes in time when a single heartbeat
is recorded. There is a variety of different HRV metrics. It
has been found that healthy adult populations have a mean
value of 42 milliseconds within a range of 19-75 millise-
conds and it may be 120 milliseconds in athletes [9].

HRYV is the assessment of the electrical activity of the
heart through an electrocardiogram (ECG or EKG) test. It is
observed that heart rate may be high or low depending on
physical activities, stress conditions, and emotions of individ-
uals. Thus, HRV may be recognized as the response of the
heart towards any kind of stimuli so that it compensates the
situations accordingly, and thus, its variation may be used as
warning signs of cardiac diseases [10].

HRYV is one of the approaches by which the state of neu-
rocardiac physiology can be assessed. It also evaluates the
factors which influence heartbeats. Including this, informa-
tion about the time interval between heartbeats may suggest
how internal and external needs can be achieved [11, 12]. It
is also found that there are various pathological and non-
pathological conditions like cardiac disease, mood disorder
conditions that can influence HRV, and thus HRV may be
recognized as an indicator of health [11, 12]. HRV is also
considered useful in finding the physiological responses to
both acute and chronic stress factors. Thus, regulation of
heart rate in different situations is the dealing among the
physical, mental and cognition state of an individual. There-
fore, it may be assumed that HRV can be one of the mea-
sures to find out the body’s ability to respond to internal and
external stimuli to maintain equilibrium [10, 13]. Thus,
HRYV may also be used to access cardiac adaptability under
the influence of stimuli. However, before assessing the
adaptability process firstmost it is important to know the
HRYV influencing variable (physiological or environmental)
[14]. HRV may be the biomarker of various conditions such
as vascular tone, which is an important factor to maintain
blood pressure, cardiac function and gut function, efc., [12,
15].

The HRV not only expresses the state of the ANS but al-
so estimates the vagal nerve and sympathetic nerve activities
[16]. It has been reported that cardiac vagal control has an
opposing effect on the sinoatrial node of the heart. The cardi-
ac vagal activity is regulated by neurotransmitters such as
Acetylcholine by binding to the receptors (Muscarinic and
nicotinic). These receptors act differently and their function
can also be influenced or suppressed by the use of drugs. In-
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cluding this, hereditary trait also plays a role in the regula-
tion of cardiac vagal system [17].

2.1. HRYV and Physiological Foundation

Continuously alteration and regulation of the heart rate
and its rhythm are made by ANS [18] Vagus nerve of
Parasympathetic Nervous System (PNS) innervates the si-
noatrial, atrioventricular node and also myocardium of the
heart. ECG recording is one of the most common methods
for assessing the heart rate. The activation of parasympathet-
ic nervous system results in acetylcholine release, due to
which the duration between R-R interval increases and heart
rate decelerate [19]. On the contrary, Sympathetic Nervous
System (SNS) increases the secretion of catecholamine by
the synapses, which accelerate the heart rate and its contrac-
tility. Comparative to the action of acetylcholine, catecho-
lamines action is slowed down, which leads to impediment
in sympathetic stimulation and by 5 second heart rate
changes. By the difference among neurotransmitters of the
sympathetic nervous system and parasympathetic nervous
system, it has been identified that the impact of every ANS
arm is same and symmetrical but presents the variation in
time frequencies of action and overlapping [20].

2.2. Methods of HRV Analysis

ANS modulation on the heart can be analyzed from the
ECG processing [21]. Among the several techniques, which
are grounded recently for this assessment, it was found that
HRYV is one of the most noninvasive and fast ways, which is
most commonly used for analyzing the most reproducible
and unfailing data about autonomic modulation of the heart
rate [22].

2.2.1. Time Domain Methods

Time domain measure is one of the simplest methods to
evaluate the variation in heart rate. This method is conduct-
ed either by calculating intervals among successive normal
complex or by determining the heart rate at any specific
point in time. For the determination of instantaneous heart
rate or normal to normal (NN) interval (QRS complex inter-
vals due to depolarization of sinus node), QRS complex in
continuous ECG record is identified. Factors that have to be
calculated in this method are heart rate mean, heart rate dif-
ference in day and night difference among shortest and
longest NN interval, and also by assessing respiration, drug
like phenylephirine infusion impact the heart rate. By detect-
ing the differences among cycle length or heart rate, these
differences can be assessed [23].

2.2.2. Geometrical Methods

Geometric pattern can also be derived from the series of
NN intervals. In this method, three general approaches are
used: i) geometric pattern measurement ii) interpolation of
geometric pattern by the use of shape which is mathematical-
ly defined iii) various pattern- based categories of the geo-
metric shape, shows the various categories of HRV. Mea-
surements of NN interval sequence or discrete scale conver-
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sion is the requirement of the geometric methods, which al-
lows the creation of histogram.

The integral of the density distribution is the measure-
ment of HRV triangular index, which is divided by density
distribution in maximum. On a discrete scale, the value is
calculated by: (NN interval in total)/ (modal bin’s NN inter-
val). The baseline width of the calculated distribution is the
Triangular Interpolation of NN interval histogram (TINN).
TINN and Computing HRV triangular index reflect total
HRYV measured in 1 day and powered by the higher frequen-
cies. The disadvantage of this method is the requirement of
the total number of NN interval so that geometric patterns
can be constructed, whereas the relative insensitivity to-
wards the analytical quality of the NN interval series is the
major advantage [24].

2.2.3. Statistical Method

Statistical time domain can be calculated from the series
of instantaneous heart cycle intervals or heart rate specifical-
ly which are recorded over a period of 24 hours. This can be
classified among two groups: a) those resultant from calcula-
tion from instantaneous heart rate or NN interval directly ii)
resultant of the difference of NN intervals. By the use of
ECG recording analyses or by analyzing smaller segments
of the recording period, this variable can be derived. Further-
more, a comparison of HRV while different activities like
sleep, rest efc., can be calculated.

Calculation of square root of the variance, that is the stan-
dard Deviation of NN interval (SDNN), is the easiest vari-
able. Every cyclic component, which is the cause for varia-
bility in the recording period represented by SDNN, shortest
and shortest cycle length can be measured by SDNN in a de-
crease monitoring period. It has also been observed that with
the increased period of analyses, total variance of HRV re-
cording also increases [25]. Hence, SDNN relies upon the
time duration of recording; it cannot be considered as well
defined statistical quantity. Therefore, SDNN values collect-
ed from the various situation recording should not be com-
pared while for the calculation of the SDNN, standardize
time duration of the recording should be considered.

2.2.4. Frequency Domain Methods

Information about the variance (power) spread as a func-
tion of frequency can be collected by the analyses of Power
Spectral Density (PSD). Parametric and non parametric
methods can be used for the determination of the PSD. In
this, both the methods give analogous result. Advantages of
parametric methods are: a) even on a small number of sam-
ples, an accurate PSD can be calculated; b) independent of
preselected band of frequency can be distinguished by
smoother spectral components. Advantages of non-paramet-
ric methods are: a) use of algorithm simply; b) processing
seed is high. Parametric demands evidence about the suitabil-
ity of the selected model and it is a complex process, while
non parametric method FFT (Fourier transformation) is a
rapid and easy method to perform [26].

RR intervals that are kept in the computer are converted
into bands with varying spectral frequencies at the time of
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using the FFT method. Moreover, by diving the finding by
obtained mean of RR intervals length, collected reflections
can be changed into Hz (Hertz).

Frequency band between 0-0.5Hz of power spectrum
can be categorized into four bands [26]:

A. High frequency (HF) (0.15-0.4 Hz)

B. Low frequency band (LF) (0.04-0.15 Hz)

C. Very low frequency band (VLF) (0.003-0.04Hz)
D. Ultra low frequency band (ULF) (<0.003 Hz)

VLF, HF and LF are the characteristics of short term
spectral, which are recorded for 5-10 minutes, whereas in
the long term recording, these three components and ULF
component are also included.

The sum of the four spectral bands LF, HF, ULF and
VLF and variance is the total power of RR interval variabili-
ty. Vagal modulation is used to define the HF component
and sympathetic and parasympathetic nervous system modu-
lates the LF components. Therefore, sympathetic activity
can be due to the consequences of the increase LF compo-
nent, antagonistically reduction in LF power can lead to the
beta adrenergic blockade. The global sympatho-vagal bal-
ance can be represented by the ratio between LF and HF
components and this can also be used for determining this
balance. In healthy adult, during rest ratio (LF/HF) is 1:2.
Furthermore, the long period of rhythms and circadian, neu-
roendocrine thythm is reflected by the component VLF and
ULF, respectively [26].

2.2.5. Fractal Analysis (Non Linear Methods) of HRV Mea-
surement

Fractal geometry and Chaos theory is the base of the
non-linear methods. The study of non- linear, non periodic
system and multivariable is referred to as Chaos [27]. This
theory may be used in understanding the dynamics of heart
rate, considering that heart rate in healthy individual is ex-
tent chaotic up to some extent and slightly irregular. In this
method, parameters that are used to calculate HRV proper-
ties are Coarse Graining Spectral Analyses (CGSA), 1/f scal-
ing of Fourier spectra H scaling exponent [28]. Recent
studies suggested that abnormal patterns of RR fluctuation
can be detected more efficiently by fractal analysis for stan-
dard HRV measurement comparison.

2.3. Importance of HRV

HVR is one of the means to find out the state of the
ANS. The variation between heartbeat is low in sympathetic
activation and high in parasympathetic mode. It has been ob-
served that low HRV indicates cardiovascular diseases such
as hypertension, whereas high HRV shows higher cardiac fit-
ness. Knowing about HRV is one of the best ways to assess
the impact of various factors such as; environment, emotion,
thoughts, feeling, etc, on the nervous system and how the
nervous system responds accordingly [29]. HRV can also
suggest the fetal distress condition during labor and it is sub-
jected to uterine contractions [30].
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As per the changes in the physiology of vital organs, the
sympathetic and parasympathetic systems maintain the state
of equilibrium. ANS sends the message through stellar gan-
glion and vagus nerve to the sinoatrial node of the heart to
stimulate the heart variability in the normal range, which
can be assessed by evaluating HRV. The sensory neurons of
the peripheral nervous system send the signal from the heart
(if any variation) to the central nervous system to regulate
the ANS to compensate for the condition accordingly [29].

HRYV may also give information about cycle length de-
pendency. Whenever heart rate increases, HRV decreases be-
cause of the insufficient period for the heartbeat. In the geria-
tric group, elderly persons with cardiac diseases like is-
chemia and heart attack efc., or any pathological condition
may result in decreased HRV at high heart rates [31]. Signifi-
cant knowledge about all the influencing factors for HRV
like physiological, environmental or genetic, plays an impor-
tant role not only in clinical diagnosis but also in therapeutic
purpose [14].

2.4. Brain and Heart Communication

It is studied that HRV is the result of brain and heart
communication that how ANS regulates the cardiac function
under different circumstances to maintain a balance between
internal and external stimuli. Communication between the
heart and brain is the neurological pathway that is responsi-
ble for producing HRV [3, 4]. The brain-heart is universally
called an intrinsic cardiac nervous system. It has a complex
structure consisting of ganglions, neurotransmitters, suppor-
tive cells and proteins. The nervous system regulates cardiac
functions by sending signals via sympathetic and parasympa-
thetic activation. Under the influence of any stimuli which
affects the heart’s normal physiology (such as; heart rate,
rhythm, pressure or any hormonal variation), the sensory
neurons immediately send the signals to the cardiac nervous
system, which result in sympathetic nervous system activa-
tion and send efferent nerve of the ANS through descending
pathway to regulate cardiac function accordingly [32].

In this cardiac brain communication, intrinsic nervous
system of the heart sends a signal along with the ascending
nerve fibers of the vagus nerve and also through the spinal
column following the pathway to reach the medulla, hypotha-
lamus, thalamus, amygdala, and then finally to the cerebral
cortex for the interpretation.

The brain sends signals from myocardiocytes following
the polysynaptic pathway to the ganglion situated in the pe-
ripheral area, and then signals further proceed towards pre-
ganglionic and premotor neurons. Cardiac activities are regu-
lated by the activation of cardiac reflex such as barorecep-
tors, chemoreceptors, nasopharyngeal receptors, efc., and al-
so via central autonomic responses to stress, physical exercis-
es, sleep cycle efc., [33]. Clinically, it has been observed
that chronic neurodegenerative disease may gradually affect
the function and even lead to failure of ANS. However, the
pathological condition of blood vessels, neurological
problems or lesions (inflammation or injury) may induce hy-
peractivity of ANS [34].



Analysis of Heart Rate Variability and Implication

2.5. Sympathetic and Parasympathetic Correlation

Physiology of human body (metabolism, thermoregula-
tion, and cardiac activity efc.) is under the influence of ANS.
Sympathetic and parasympathetic nervous systems are the
two subdivisions of ANS, which works differently in differ-
ent situations so that they can regulate homeostasis. The
sympathetic system gets activated under stressful conditions
(fear, fight or flight) and causes elevated heart rate, increase
sweat production whereas parasympathetic acts at rest and
digestion state which results in a decrease in cardiac rate and
maintain homeostasis [35]. During sympathetic activation,
stress hormone production is stimulated, which results in
high cardiac output and low HRV while the parasympathetic
system decreases the heart rate and increases the HRV to
establish homeostasis once the stressful conditions are over.
This interconnection between the two branches of the ANS
i.e. sympathetic and parasympathetic systems, permits the
heart to act in varied conditions and demands.

Sympathetic and parasympathetic nervous systems are
antagonist to each other. Under the influence of parasympa-
thetic system, vagus nerve acts as an inhibitor of heart rate.
Moreover, vagus nerve initially acts upon the sinoatrial (SA)
node i.e. pacemaker of the heart, to initiate a conduction sys-
tem while the sympathetic nervous system targets the atri-
oventricular (AV) node for the forceful contraction of heart
chambers [36]. Hence, sympathetic activation alters the in-
hibitory function of the vagus nerve and increases heart rate
while parasympathetic activates vagal inhibition property re-
sults in low heart rate.

The parasympathetic nerve (vagus) includes both affer-
ent and efferent nerve fibers, but the majority of the fibers
are afferent, which are responsible for sending the signals
from the heart to the brain. After receiving the information
from the heart, central nervous system sends the efferent
nerve to the pacemaker (SA node), then the AV node, and al-
so to the other parts of the heart [1]. It has been observed
that for performing function effectively and properly under
normal circumstances, the cardiac’s intrinsic nervous system
works independently. It has been found out that signal
molecules do play an important role in this signaling. GA-
BA has predominantly been reported as the key molecule. It
is involved in the regulation of blood pressure by adjusting
heart rate [37]. It is reported that GABA activation causes
the inhibition of the vagus nerve and exhibit reduced
parasympathetic effect on the heart [38].

Cardiac ganglia that are present externally in the thora-
cic cavity have direct and indirect connectivity with the hu-
man system. They are directly interacting with the lungs and
esophagus while indirect interaction takes place through the
spinal cord to the other body parts like skin and arteries etc.
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2.6. Significance of HRV Assessment

HRYV analysis is not only used as a neuro-cardio parame-
ter but also has a vital role in evidence-based practice of
medicine. HRV is one of the health indicators used world-
wide [39]. It is important to assess the variation in heart rate
for evaluating cardiac conditions by studying the fluctuation
in RR intervals. HRV accessment is mainly done by the lin-
ear time based method, non linear method, frequency- based
method (Table 1) [40]. The assessment of HRV is coorelat-
ed with many factors. Though non linear assessment is con-
ducted comparatively less than the linear method, it con-
tributes additional information on linear method and indi-
cates that hormonal variation and thermal fluctuation influ-
ence HRV [40, 41]. In the linear time based method, cardiac
activity is recorded between two variables i.e. time and fre-
quency [42]. The nonlinear method is also helpful in the
prognosis of heart failure patients, but because of lack of re-
producibility, it is less in use. On the basis of the duration of
data records, HRV can be evaluated by short term and long
term HRV analysis method [43].

The HRV accessment is also being used in clinical
studies. It is found that reduced variability is used as a mark-
er of enhanced pathology and also suggests the conditions of
morbidity and mortality. HRV assessment has the potential
to be helpful in trauma as a tool of initial patient evaluation,
and regular monitoring of patients with critical injury [44].

However, there are technical limitations and shortage of
standard values that hinder its clinical applicability in trau-
ma. It has been observed that for accurate HRV evaluation,
data should be collected on healthy beat to beat intervals of
heart. Murmur beat such as extra heart sound or missing
sound should be excluded otherwise, bias can occur in HRV
analysis criteria. However, any defective beats can be recti-
fied by treating the pathological conditions before proceed-
ing with HRV assessment [45, 46]. In addition, ECG records
suggest two main important heart conditions; firstly it
confines about the initiation of ectopic or murmur heartbeats
or arrhythmic condition. On the other hand, it analyzes the
respiratory rate [47, 48].

3. FACTORS AFFECTING HRV

HRV may be stated as adaptation or response of the
heart to any provided stimuli. Various factors have been
identified which stimulate HRV as physiological factors, en-
vironmental factors and pathological factors efc., (Fig. 1).
Now-a-days, HRV is also being regarded as a health indica-
tor [14].

The investigators have grouped the factors affecting
HRYV into five categories like; lifestyle factors, environmen-
tal factors, physiological and pathological factors, non-modi-
fiable factors [14]. Including this categorization, some other
types of factors affecting HRV are also identified, such as;
age, gender, genetic, chronic health conditions and lifestyle
factors (like nutrition, alcohol circadian rhythm, and stress
etc.,) [49]. The role of many factors is discussed as follows;
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Table 1. Heart rate variability association with mortality rate (Singh ez al. 2018).

(standard deviation of NN interval, low frequency, high fre-
quency, root mean square of the differences in successive R-

S. HRYV Parameter Monitoring Result / Conclusion
No. Method
1. SDNN, LF and HF Resting ECG, 8 min| Increased risk of sudden death with reduced LFP (RR 2.8,95%-
(standard deviation of NN interval, low frequency power, CI(1.2-6.8),p=0.02)
high frequency power)
2. SDNN, rMSSD, VLF, LF, HF, LF/HF, TP Resting ECG SDNN(28ms versus 36ms,p=0.037),

rMSSD(28ms versus 29ms, p=0.007),and
In HF (4.7ms versus 5.5 m, p= 0.008) are depressed in patients

(standard deviation of NN interval, root mean square of the
differences in the successive, standard deviation of absolute
differences between successive interval, percentage of RR in-
terval that differ by 50ms)

R interval, very low frequency power, low frequency power, with FRS>10%
high frequency power, low frequency to high frequency pow-
er ratio, total power)
3. SDNN, rMSSD, SDSD, pNN50 Resting ECG, 2 min [Enhanced risk of all- cause mortality for patients in the lowest quar-

tile of all parameters (RR 1.47- 1.91)

4. SDNN (standard deviation of NN interval) Resting ECG, 10 sec|SDNN in the lowest and highest quartiles had increased risk of car-

diac mortality; HR 1.8(95% C191.0-2.3) and 2.3(95%
CL(1.3-4.00)respectively

sec

5. SDNN(standard deviation of NN interval) Resting ECG, 15-30( SDNN<20 ms associated with increased risk of CHD (RR 2.1,

95%CI(1.1-4.1) and all cause mortality (RR2.1,95% CI (1.4-3.0)

Physiological

Non .
Modifiable el

Fig. (1). Different Factors affecting heart rate variability. (4 higher
resolution / colour version of this figure is available in the electron-
ic copy of the article).

3.1. Physiological Variable

Physiological factors like age, gender and circadian
rhythm, efc., moderately influence HRV. An individual’s
HRYV (at a resting state) is high till age 15 and in older age
HRYV declines [50]. Physical exercise was also found to be
associated with a reduction in HRV [51]. It is also found
that the sympathetic and parasympathetic performance of
ANS varies in male and female, which results in the gen-
der-based difference in HRV and these variation decreases
by the age of 50 [49]. The circadian cycle also affects the
HRYV as it declines in day-time and high at night [52].

The ANS not only regulates HRV but also it acts upon
the inflammatory process caused by any pathogens, signal

sends to the brain about invasion of causative agent via va-
gus nerve. It has been studied that cholinergic anti-inflamma-
tory pathway controls the immune response against injury or
pathogen. Therefore, lack of cholinergic reflexes or pro-in-
flammatory cytokines for a long duration resulted in the re-
cuction of HRV, causing cardiovascular diseases [53].

It is observed that heart rate increases in inhalation and
decreases in the exhalation of air. Thus, while analyzing the
HRYV, it is important to mention that correlation between
heart rate and respiration, both factors influence HRV [54].

3.2. Pathological Variable

It has been found in many studies that pathological condi-
tions (such as; inflammation and infection) decrease the
HRV [13, 51, 55]. It has been observed that HRV can be one
of the measures to rule out the effect of pathological condi-
tions (viral infection, sepsis, inflammation, efc.,) on cardiac
function and inadequate response to maintain homeostasis
may cause immunodeficiency and result in infection or can-
cer [56]. The C- reactive protein (CRP), a pentameric pro-
tein that has a liver origin, is found in high amount in circula-
tory fluid in case of any inflammatory process followed by
the secretion of interlukin-6 secreted by macrophages and T
cells. The primary function of this protein is to improve the
antibodies and phagocyte function. Increased level of CRP
is related to cardiovascular and metabolic disorders [11, 57].
Therefore, it is important to consider inflammation and
HRYV to rule out pathological conditions like hypertension,
and diabetes efc., [58]. Increased heart rate may also result
in increased cardiac output and decreased afterload because
of lack of blood vessel’s elasticity and may elevate or de-
crease cardiac muscle’s contractility [51, 59]. The parasym-
pathetic nervous system influences the parasympathetic car-
diac activity and responsible for reduced heart rate frequen-
cy [60].



Analysis of Heart Rate Variability and Implication

3.3. Environmental Factor

Environmental factors also influence HRV [14]. It has
been studied that increased social stress and noise increase
the HRV whereas a low level of carbon monoxide decreases
the HRV. Including this, the effect of temperature on HRV
is also found negligible [61]. Researchers have reported that
modulation of ANS by genetic and environmental factors
[62]. In this study, multivariate statistical analysis was per-
formed using different parameters and it was found that
body mass index, coffee consumption, smoking, and chronic
diseases are associated with variation in HRV.

3.4. Lifestyle Factor

It has been analyzed that HRV is more in average-to-
strenuous physical activities. Habits like alcohol consump-
tion and cigarette smoking also decrease the HRV. Heavy ci-
garette smoking has been associated negatively with auto-
nomic function [63]. It is suggested that cardiac vagal regula-
tion is reduced by smoking, which may be considered as one
of the pathophysiological aspects of smoking [64]. Alcohol
consumption and tobacco smoking also affect HRV. The
consumption of alcohol is assumed to reduce HRV by stimu-
lation of sympathetic activities and inhibition of the parasym-
pathetic stimulation. The study has revealed that in nonde-
pendent users alcohol consumption (1 and 2 standard drink
in women and men respectively as daily recommended use)
is associated with the rise in HRV while higher alcohol in-
take is associated with reduced HRV [65]. It may be suggest-
ed that in chronic smokers and heavy alcohol drinkers, HRV
is decreased, but this condition may be improved by healthi-
ly modifying their lifestyle.

3.5. Psychological Factor

It has been observed that HRV can be used as one of the
measures to check the level of mental stress. There are many
neurological conditions (depression; chronic stress) that may
influence the normal physiology of the heart, endocrine sys-
tem, neurological and muscular system due to the lack of im-
provement and healing. These factors revealed that the brain
and heart are interrelated with each other and any change re-
sults in the variation of HRV. Researchers have revealed
that anxiety disorders are associated with decreased HRV
[66]. Major depression is also associated with reduced HRV
[67]. Including this, it has been revealed that untreated, phys-
ically healthy patients with major depressive disorder
(absence or presence of comorbid anxiety) had reduced
HRV [68]. During stressful circumstances, HRV is de-
creased under the influence of parasympathetic activation
[69].

3.6. Genetic Variable

Genetic factors have been found to significantly affect
the HRYV at the rest and stress conditions. Thus, identifica-
tion of the genetic factors of HRV may give further informa-
tion to understand the pathophysiology of the ANS and pro-
pose the approaches for its modulation [70]. HRV is ob-
served more in females than males. The impact of the heredi-
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tary factors on HRV is considered higher under psychologi-
cal stress [71]. It was observed that many genetic effects are
similar in both the genders and the climatic effect on HRV
among people is negligible. Nevertheless, climatic factors
have an impact on heart autonomic function, which is regu-
lated by genetic make-up of an individual [72]. In one study,
researchers have identified 11 SNPs linked with heart rate
and it was found that the HRV reducing allele was associat-
ed with increased heart rate. In this study, it was found that
genetic variants (RGS6 and GNG 11) affect the activity of G
protein heterotrimer in GIRK-channel regulated hyperpo-
larization of the pacemaker membrane [73]. One study was
conducted to evaluate the difference in HRV among black
Americans and white Americans and it was revealed that
HRYV is more in Afro- American than Euro- Americans [74].

4. HRV AND ALTERNATIVE MEDICINE

In the experimental studies, the effect of herbal remedies
and placebo pills has been observed and found that herbal
remedies are more satisfying than placebo pills. Herbal reme-
dies have a great role in controlling sympathovagal function
and also in neuro-cardiac regulation, which results in the de-
crease of heart rate, thereby, adversely increasing HRV [75].
Acupuncture is one of the most popular carried out therapeu-
tic methods used by the Chinese population. This modality
work by implementing on both external and internal environ-
ment of the individual to establish a balance among physi-
cal, emotional and hormonal demands [76]. ANS is dynamic
so that it can respond towards external and internal changes
accordingly to sustain equilibrium [77]. Researchers as-
sumed that acupuncture has an impact on the function of
ANS and metabolism and this ANS regulation and revitaliza-
tion of metabolism can be assessed by HRV analysis [78,
79]. Even though acupuncture is well known analgesic for
pain, it works by puncturing acupoints by the use of needle.
Conversely, how it works in stabilizing homeostasis is not
clear, but in one of the reports it is found that acupuncture in-
fluences the cardiac vagal activity by increasing its impact
and hampering sympathetic performances [80]. Hence,
acupuncture modality may be able to alter the HRV on low
frequency (sympathetic activity impression) during patho-
genic and non-pathogenic conditions [81].

It has been observed that complementary and alternative
medicine usage is high and beneficial in health and wellness
among cardiac sufferers [82]. It has been found that pro-
longed psychophysiological stress disturbs the autonomic
balance of the nervous system and may lead to physiological
and psychological disorders [83]. Yoga, one of the streams
of AYUSH modalities, is the alternative treatment of
medicine (ayurveda, yoga and naturopathy, unani, siddha
and homeopathy system of health care). In yoga modalities,
body-mind practices are involved, which aim to maintain the
balance between body and mind. It has been found that there
is a healthy relationship between yoga and indices of sympa-
thetic and parasympathetic activity like cognitive abilities,
baroreflex [84] and emotion regulations efc., and also it
helps in treating dysfunctions of autonomic system like de-
pression, hypertension [85], and diabetes, efc., [86]. As it is
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found that neural and endocrine pathways are used to regu-
late the cardiac output by central nervous system. Hence,
control on the central nervous system will influence the car-
diac output [87]. The yoga practice helps in improving cardi-
ac function and also in modifying the performance of ANS
[88-90].

CONCLUSION

Heart is a vital organ that communicates with the brain
via heart-brain interconnection, which is known as neurocar-
diology. Heart rate is described as the number of heartbeats
in a minute and HRV is the variation among heartbeats in a
specific period. Variability is accessed by analyzing the shuf-
fling of heartbeats in 24 hours. It is observed that heartbeat
frequency is not constant and HRV is also called as variabili-
ty in beat-by-beat heart period, which is an intrinsic attribute
of cardiac activity. It has been studied that HRV plays a key
role in the well being state of an individual. It is the result of
the interplay between the sympathetic and parasympathetic
systems. Where the sympathetic system enhances HRV and
the parasympathetic system reduces the HRV. The high
HRV is considered as an indicator of good health. The HRV
is influenced by many factors such as physiological, patho-
logical, psychological, lifestyle, environmental, and genetic
factors. All of these factors are individually or interconnect-
edly affecting HRV. Out of these factors, genetic factors al-
so make a remarkable impact on variation in HRV and heart
rate which are particular to the stressful conditions.
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