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The heart rate variability (HRV), which can provide information about the balance between the
sympathetic and the parasympathetic system, is accepted as an indicator of autonomic tone, which is
effective on the heart. Neural remodeling developing in hearts that are affected by various diseases
leads to imbalance in the autonomic activity. These changes that may occur in the autonomic nervous
system may lead to ventricular arrhythmia and sudden cardiac death through negatively affecting the
cardiac rhythm. HRV has been evaluated in many cardiac, neurological and rheumatological diseases
in recent years and has come into the foreground as an important marker of mortality. In this review,
we aimed to introduce the parameters used in HRV measurements and analyze the conditions that
could influence these measurements (maneuver, diseases or drugs, etc).
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INTRODUCTION
It is known that an imbalanced autonomic nervous system in
the form of increased sympathetic activity affects cardiac
electrophysiology and leads to ventricular arrhythmias and
sudden cardiac death. Neural remodeling in hearts affected by
various diseases causes these imbalances in autonomic
activity. Heart rate variability (HRV), an indirect indicator of
tonic autonomic interactions at the sinus node level, is used as
an indicator for neural control of the heart (1). It is mainly an
efferent system that transmits impulses from the central
nervous system to the peripheral organs (2). Thus, it controls
heart rate, contraction strength of the heart, contraction and
dilation of vessels, contraction and loosening of smooth
muscles in various organs and secretion from endocrine and
exocrine glands (2). The autonomic nervous system (ANS) is
anatomically and functionally divided into two subsystems: the
sympathetic nervous system (SNS) and parasympathetic
nervous system (PSNS). The preganglionic fibers of PSNS
originate from the brain stem and are known as craniosacral
fibers (2). Vagus or 10th cranial nerve conveys fibers to the
heart, lungs and other organs, and generates the major
parasympathetic innervation of these organs. PSNS causes a
decrease in heart rate and blood pressure (2). The nuclei of
sympathetic preganglionic nerve fibers are found in the
sympathetic ganglion chain situated in the lateral horns
between T1 and L2 of the spinal cord. Unlike PSNS, the SNS
allows the body to give necessary reactions in case respiratory
insufficiency or hemodynamic impairment develops or briefly

to survive. In such cases, the SNS elevates heart rate, blood
pressure and cardiac output; causes a shift of blood from the
skin and splanchnic bed to the striated muscles, expansion in
the bronchi and reduction in metabolic activity (2).
Other terms have been used in the literature to describe
oscillations in successive phases of cardiac cycles, such as
heart period variability, RR interval variability, RR interval
tachogram. These more appropriately emphasize the fact that
the analysed factor is not the heart rate itself but the interval
between successive beats. However, “Heart rate variability”
has become the conventionally accepted term to describe
variations of both instantaneous heart rate and RR intervals
(3). Heart rate variability was first described in 1847 as an
increase in heart rate with inspiration and a decrease in heart
rate with expiration. The clinical significance of HRV was
noticed in 1963 by showing that the alterations in interbeat
intervals just before fetal death could be observed immediately
before the alterations in heart rate itself (1). In 1965, it was
introduced by Hon and Lee into clinical practice to assess the
fetal distress by monitoring the alterations in intervals between
the beats without changing the heart rate (4). In the 1970s,
Ewing et al. used heart rate variability to identify autonomic
neuropathy in diabetic patients (5). Heart rate variability
(HRV), which we can describe as cyclic alterations in the rate
of sinus rhythm, is considered as a measure of cardiac
autonomic tone and as a non-invasive indicator of the
cardiorespiratory system, since it provides information about
sympathetic-parasympathetic balance (6). Physiological

*Corresponding author: Mücahid Yılmaz
MD2 Elazığ Medical Park Hospital, Department of Cardiology, Turkey/Elazığ.Yusuf

International Journal Of Current Medical And Pharmaceutical Research, Vol. 4, Issue, 1(A), pp.2859-2867, January, 2018

increase in the variability between heartbeats is a desirable
condition, and concordantly decrease in HRV is associated
with worse cardiovascular prognosis (7).

Geometric Methods
The sequence of NN intervals can be expressed by a geometric
pattern. There are two general approaches (8).

Measurement of Heart Rate Variability

1.

The variations in heart rate can be calculated by a number of
methods. To classify these, we can collect them under two
main topics as linear and non-linear methods. Linear methods
contains time-based and frequency-based methods (8).
Linear Methods
2.

Time-domain methods
1.
2.

Statistical
Geometric

Frequency domain methods
1.
2.

Short-term recordings
Long-term recordings

Time-domain
In this method, the heart rate taken at any time or the interval
between successive normal complexes is determined. In a
continuous ECG record, each QRS complex is detected, and
the normal-to-normal (NN) intervals or the instantaneous heart
rate is determined. In general, time domain methods are ideal
for the analysis of short-term recordings. These values may be
expressed in original units or as the natural logarithm (Ln) of
original units to achieve a more normal distribution (9). Timebased methods can be statistical or geometric (3,10).
Statistical Methods: From a series of instantaneous heart rates
or cycle intervals, particularly those recorded over longer
periods (traditionally 24 hours), more complex statistical time
domain measures can be calculated. These may be divided into
two classes: 1) those derived from direct measurements of the
NN intervals or instantaneous heart rate, 2) those derived from
the differences between NN intervals. The simplest variable
calculated is the standard deviation of the NN intervals
(SDNN), that is, the square root of variance. Since variance is
mathematically equal to total power of spectral analysis,
SDNN reflects all the cyclic components responsible for
variability in the period of recording. However, the duration of
recordings used to determine the SDNN values (and similarly
other measurements of HRV) should be standardized (8).

Basic measurement of the geometric pattern. Example:
The width of the distribution histogram at the specified
level is converted into the measure of HRV. Based on a
histogram of RR intervals with bin size 1/128 sec, the
HRV triangular index(HRVI) is given by the most
frequent value X (mode) with its absolute frequency Y:
HRV triangular index := D/Y (11) (Figure 1).
The geometric pattern is interpolated by a
mathematically
defined
shape.
Example:
Approximation of the distribution histogram by a
triangle: A triangular interpolation of the discrete
distribution of RR intervals (histogram counts) is used
for the TINN [Triangular interpolation of RR (or NN
interval) histogram] measure: TINN = B– A. A
triangular interpolation of the discrete distribution of
RR intervals (histogram counts) is used for the TINN
measure: TINN= B-A (12) (Figure 1).

Figure 1 HRV triangular index(HRVI) measurement.

Figure 1. HRVI: D/Y (Total number of all NN intervals/ Y).
For measurement a discrete scale is constructed on the
horizontal axis and named the sample density distribution (D)

Table 1 Time domain measurement definitions of heart rate variability
VARIABLE (Unit)
NN (ms)
Day/night difference (msec)
SDNN (ms)
SDNN Index (ms)
SDANN (ms)
RMSSD(root mean square of
successive differences)(ms)
SDSD (ms)
NN50 Number
PNN50 (%)
Triangular Index(HRVI)
TINN(ms)
HR Max − HR Min(bpm)

Explanation
The cycle length between two beats
The day-night difference of average NN intervals
It is the standard deviation of all normal RR intervals in the entire 24-hour ECG record. The standard deviation of NN
(SDNN) reflects the parasympathetic component of the autonomic function. It reflects the decrease in SDNN, decreased
vagal activity and increased sympathetic activity of the sinus node.
It is the average of the standard deviations of all normal RR intervals for all 5-minute segments in a 24-hour ECG
record.
It is the standard deviation of the average NN intervals calculated over short periods, usually 5 minutes, which is an
estimate of the alterations in heart rate due to cycles longer than 5 minutes.
It is the square root value of the total squared differences of successive NN intervals with sinus conduction. It is
considered as an important indicator of parasympathetic activity.
It is the standard deviation of differences between successive normal cycles.
It is the number of NN intervals between which the difference occurs greater than 50 msec throughout the entire record
It is obtained by dividing NN50 number into the total number of NN.It shows the percentage of differences greater than
50 msec between successive normal RR intervals in a 24-hour ECG record. It predominantly reflects the
parasympathetic activity.
Number of total NN intervals/ number of NN intervals in the modal bin
Baseline width of the RR interval histogram
Average difference between the highest and lowest heart rates during each respiratory cycle
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which assigns the number of equally long normal RR intervals
to each value of their lengths . Y is the maximum sample
density distrubition(D). The formula obtained from division of
the integral of the density distribution (the number of total NN
intervals) to the maximum of the density distribution(Y). For
the computation of the TINN measure, the values A and B are
established on the time axis and a multilinear function q
constructed such that q(t)=0 for t≤A and t≥B and q(X)=Y, and
such that the integral ∫0+∞= (D(t)−q(t))2 dt is the minimum
among all selections of all values A and B. The TINN measure
is obtained by the formula TINN=B−A (6).

3.

4.

Statistical and geometric time domain methods and its
explanations is showed in table 1 (6,11,12).
Frequency Domain
This method distinguishes the heart rate signals according to
their frequency and intensity. It provides information on the
amount of all changes in the heart rate by taking advantage of
periodic heart rate oscillations at various frequencies. Various
spectral methods have been applied since 1960s (3). Power
spectral density (PSD) analysis provides the basic information
of how power (variance) distributes as a function of frequency.
Basically, the records are approached with short term (12,14)
periods ranging from 2 to 5 minutes or 24-hour long term
periods, then 4 main spectral components are calculated (15).
These components are described as ultra low frequency (ULF),
very low frequency (VLF), low frequency (LF) and high
frequency (HF) (Figure 3). However, ULF is not included in
the standard Holter programs. The spectral analyzes of HRV
signals are considered as an uninterrupted indicator of
sympathetic and parasympathetic activities of ANS (6, 16).
As can be seen in, four basic spectral components can be
distinguished in the spectrum of HRV recordings. ULF, VLF,
LF, HF (Figure 3)

associated with ANS. The recording time is short-term
(1-5 min) and long-term (3,17,18).
Low Frequency (LF): It includes the frequency range
between 0.04 Hz and 0.15 Hz and is considered to be
consisting of a combination of sympathetic and
parasympathetic effects (3,19). It is associated with
thermoregulation and peripheral vasomotor activity.
The recording time is short-term (1-5 min) and longterm (17).
High Frequency (HF):
It includes the frequency
range between 0.16 Hz and 0.4 Hz. It is considered that
it is modulated by the parasympathetic activity of ANS
and that is the major determinant of respiratory sinus
arrhythmia. The recording time is short-term (1-5 min)
and long-term (6,3,16,19).

There are publications reporting the existence of the MF
(Middle Frequency) band other than these bands. It is known
that it provides information about sympathetic and
parasympathetic tonus and that the recording time is short-term
(1-5 min) and long-term (17). However, it could not gain a
place in routine use.
Some researchers use normalized unit (nu) values as a base for
LF and HF values while conducting their studies. It is in the
form of LF/(Total Power-VLF)x100 for formula LF, and
HF/(Total Power-VLF)x100 for HF (3). Total power is the
sum of the powers of the five frequencies mentioned above.
From these frequency bands, HF and LF bands account for 5%
of total power. Although ULF and VLF form the remainder of
total power, their clinical use is limited since their
physiological characteristics are not well known. Researchers
generally use the LF/HF ratio (17).
LF/HF ratio: It is another parameter that needs to be
considered other than the four basic parameters mentioned
above. There is a correlation between LF and HF. The ratio of
LF to HF reflects the sympathovagal balance. An increased
LF/HF ratio indicates low vagal activation (3). In healthy
subjects, LF and HF have a circadian pattern with reciprocal
fluctuations. In the daytime LF increases, in the nighttime HF
increases. LF increases during 90 degree tilt, mental stress,
standing, occlusion of coronary arteries, mental stress,
moderate exercise, and occlusion of carotid arteries. HF
increases in cases of respiration, cold application on the face
and rotational stimulation (17).
Since the measurements of heart rate variability are assessed
by various investigators by various measurements,
interpretation of the obtained data may be different or
incorrect. In order to eliminate this complexity, the ESC
(European Society of Cardiology) has published a guideline
for HRV (6). According to that:


Figure 3 A power spectral density estimation example obtained from the
entire 24-h interval of a longterm holter recording.

1.

2.

Ultra Low Frequency (ULF): includes the frequency
components below 0.0033 Hz. Its characteristics are not
fully understood. It is scarcely used in clinical practice.
The recording time is long-term (>24 hours) (17).
Very Low Frequency (VLF): It includes the frequency
components in the range of 0.0033-0.04 Hz. Although it
is not exactly known how this component has occurred,
it is considered to be originated from thermal and
hormonal control along with vasomotor activity, and not
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Under stable conditions, time measurements should be
made in 24-hour long-term recordings and frequency
measurements should be made in 5-min recordings.
The use of four of the time measurements is always
required. These include SDNN and the triangular index
reflecting overall HRV; SDANN showing long-term
components and RMSSD showing short-term
components. The normal ranges of these measurements
are shown in Table 2 (6).
The measurement period should be at least ten times
more than the LF band wavelength. In order to
standardize this, at least 5 min rule has been established.
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Table 2 Normal values of frequently used indexes in heart rate
variables
Index (Unit)
Normal Range
Time measurements in 24-hour recordings
2
SDNN (ms )
141±39
SDANN (ms2)
127±35
RMSSD(ms2)
27±12
HRV Triangular Index
37±15
SDSD (ms2)
141±39
pNN50 (%)
20±16
Spectral measurements in 5-min recordings
2
Total Power (ms )
3466±1018
VLF(ms2)
627±215
LF(ms2)
1170±416
2
HF(ms )
975±203
LF/HF ratio (ms2)
1.5-2.0

time series. It is based on the concept of a return map, and in
its simplest form provides a means for displaying sequential
pairs of points (23).
The Poincaré plot is a map of points in Cartesian coordinates
that is constructed from the values of the RR intervals. Each
point is represented on the x-axis by the previous normal RR
interval and on the y-axis by the following RR interval (24).
An ellipse fits along the line of identity (dotted line)(23). SD1
is the short-term variability and SD2 is the long-term
variability. The transverse axis (SD1) reflects beat-to-beat
variation, while the longitudinal axis (SD2) reflects the overall
fluctuation. The SD1/SD2 shows the ratio between the shortand long-term variability among the RR intervals and named
Cardiac Sympathetic Index (25,26).

Non-linear methods

Some most used non-linear methods detailed in table 2 (8).

These measurements allow us to quantify the unpredictability
of a time series and act different compared to linear systems
(8). They are determined by complex interactions of
haemodynamic, electrophysiological and humoral variables, as
well as by autonomic and central nervous regulations (3). The
study of HRV has been influenced by dynamical systems
theory, the study of fractal systems and chaos theory. Main
points in these systems are fragility and robustness. System
robustness is often defined as the quality of a biological system
to maintain its components, structure, and function despite
both external changes and endogenous fluctuations (20).
Fragility is connected to robustness. A property of complex
systems is a conservation of sensitivity. When robustness is
improved in one area, it leads to increased fragility in another
(21). This structure causes to cascading failures initiated by
tiny perturbations which may lead to a complete breakdown, or
to a fundamental system change. Essential tools to study
complexity are mathematical models and time-series analysis.
HRV is the most used time-series analysis in medicine (20).
For data representation, Lorenz plots (or Poincaré plots), lowdimension attractor plots, singular value decomposition, and
attractor trajectories have been used. For other quantitative
descriptions, the D2 correlation dimension, Lyapunov
exponents, and Kolmogorov entropy have been employed (3).

Figure 2 Illustrative example of a Poincaré plot.

Lorenz plot(or Poincaré plot) is the most used method among
the non-linear methods. This method is a geometrical
representation of a time series into a cartesian plane, where the
values of each pair of successive elements of the time series
define a point in the plot (22) (Figure 2). The Poincaré plot is
used to quantify recurrence, self-similarity, or periodicity in a

Table 2 Non- linear methods and descriptions
Parameter
S

Unit
ms

SD1

ms

SD2

ms

SD1/SD2

%

ApEn
SampEn
DFA α1
DFA α2
D2

Description
Area of the ellipse which represents total HRV
Poincaré plot standard deviation perpendicular
the line of identity: An index of the
instantaneous recording of the variability of
beat-to-beat and represents the parasympathetic
activity
Poincaré plot standard deviation along the line of
identity: the SD2 index represents the long-term
HRV and reflects the overall variability
Ratio of SD1-to-SD2: The SD1/SD2 shows the
ratio between the short- and long-term variation
among the RR intervals and named Cardiac
Sympathetic Index
Approximate entropy, which measures the
regularity and complexity of a time series
Sample entropy, which measures the regularity
and complexity of a time series
Detrended fluctuation analysis, which describes
short-term fluctuations
Detrended fluctuation analysis, which describes
long-term fluctuations
Correlation dimension, which estimates the
minimum number of variables required to
construct a model of system dynamics

Some Conditions that Cause Heart Rate Variability to
Change
With HRV method, efferent cardiac sympathetic parasympathetic modulation can be measured at the sinus node
level. It has been shown in experimental studies that
myocardial level effects of efferent neural stimulation could be
measured with changes in effective refractory period (27).
HRV analyzes provide a well-defined and non-invasive good
option for the examination of autonomic nervous system
modulation (6). The modulation of heart rate is under the
control of complex regulatory mechanisms including the
nervous system, the endocrine system and the cardiovascular
system (6). The alterations in autonomic balance may be
associated with the onset of the disease and the alterations
observed during cardiac autonomic control, which are
measured by heart rate variability, help define the subgroups at
risk (atherosclerosis, hypertension, diabetes mellitus) as groups
with a higher risk for cardiovascular morbidity and mortality
(28). This condition has been proved in patients with
hypertension, diabetes, coronary artery disease, chronic heart
failure, and previous myocardial infarction (29-34). Although
its mechanism has still not been fully clarified, it is linked to
advanced age and decrease in HRV values. In addition, HRV
values measured in male gender were reported to be higher
than in women (28).
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Myocardial infarction
Decrease in HRV identified after acute myocardial infarction
has been reported to be a powerful indicator in terms of
mortality and arrhythmic complications in these cases (3,31).
This predictive value of HRV has been found to be
independent of other post-infarction risk factors. This
characteristic of HRV cannot simply be attributed to only
hyperfunction of the sympathetic system and/or vagal
withdrawal due to poor ventricular performance. Decrease in
HRV is indicative of suppressed vagal activity, which is
closely associated with the pathogenesis of ventricular
arrhythmias and sudden cardiac deaths (32). It was first
reported by Kleiger et al. that decrease in the SDNN value
observed in post-myocardial infarction period was associated
with clinical and demographic characteristics, increased
mortality rate independent of ventricular ectopic activity and
left ventricular ejection fraction (33). Similar results were also
observed in the study of ATRAMI (Autonomic Tone and
Reflexes After Myocardial Infarction). This study conducted
with 1300 cases showed that decreased HRV (SDNN<70
msec) levels are a very important and independent predictor of
total cardiac mortality (6). The combination of decreased left
ventricular ejection fraction with decreased SDNN
significantly increases the predictive value (6).
Systolic Dysfunction
It may also be benefited from spectral parameters of HRV. In
a study of patients with low ejection fraction (mean EF:
24±7%), decrease in LF component has been determined as an
independent predictor of sudden death independently from
variables including clinical evaluation, right heart
catheterization, exercise and blood tests (34). When the
combination of frequent premature ventricular contractions
and low LF detected by Holter records is made, it was
observed that the sudden death percentage in a three-year
period was observed to be very high compared to the group in
which no combination was made (23%-3%, respectively,
p=0.001) (34).
Diabetes Mellitus
In diabetic neuropathy that can be observed in diabetes
mellitus, a decrease is observed in HRV parameters (35). It has
been reported that a decrease in LF and HF values was
detected before autonomic neuropathy signs have been
observed in diabetic patients (6). In autonomic neuropathy, one
of the early complications of diabetes mellitus, neuronal
degeneration is observed both in sympathetic and small
parasympathetic nerve fibers. The expected 5-year mortality
rate after clinical neuropathy arises is about 50%. Therefore,
early detection of subclinical autonomic dysfunction by HRV
analysis is important in terms of risk analysis and treatment
plan (36).
Mitral Valve Prolapse (MVP)
The association between the prolapse severity and HRV
parameters were investigated by Karakaya I. et al. by
measuring the low frequency (LF) reflecting sympathovagal
activity, high frequency (HF) reflecting parasympathetic
activity, and LF/HF ratio reflecting the sympathovagal
balance, and the MVP group was divided into three subgroups:
mild, moderate and severe prolapse, and compared to the
population with normal mitral valve morphology, LF values
were found to be lower in the moderate and severe MVP

groups than in the control group (p<0.05, p<0.001,
respectively) (37). Moreover, when the MVP groups were
assessed among themselves it was found that severe MVF
group had lower LF level than the mild MVP group (p<0.01)
and HF values were lower in severe MVP group than in
control group (p<0.01), and no significant difference was
detected among patient groups (p>0.05). The LF/HF value of
the severe MVP group was found to be lower compared to the
control group (p<0.05) (37).
Heart Transplantation
Although no significant spectral components were not reported
in cases of new heart transplants, HRV values have been
reported to be significantly decreased (38). Observation of
different spectral components in transplant patients may be the
indicator of cardiac reinnervation (39). Reinnervation can be
observed up to 2 years after the transplant and is originated
from the sympathetic nervous system (6). Halpert I. et al.
reported that patients, who had transplantation earlier than 36
months, had a lower mean heart rate and an increased SDNN
index and higher LF and HF values compared to early posttransplant patients (40).
Smoking
Alyan Ö. et al. investigated the association between smoking
and autonomic activity and reported that the LF and LF/HF
ratio was significantly higher in smokers; and that they found
significantly lower SDNN, SDANN, RMSSD and HF values,
and that smoking disrupts sympathovagal balance in healthy
subjects (41).
Hypertension
Thayer JF et al. reported that modifiable (such as work stress)
and unmodifiable (such as hypertension, obesity, family
history) risk factors for cardiovascular disease were linked to
decreased heart rate variability parameters (42). Similar
findings were expressed by Şahiner et al., and it was found
that SDNN and PNN50 were significantly lower in
hypertensive patients, on the other hand, the LF and LF/HF
ratios were higher in hypertensive subjects (43).
Obstructive Sleep Apnea
Sarıkaya S. et al. reported that they found lower SDNN values
in the sleep apnea syndrome group compared to the healthy
group, and higher LF and LF/HF values of frequency-based
values in patients with sleep apnea syndrome compared to the
control group, and lower HF values in sleep apnea syndrome
patients compared to the control group, and that patients
should be assessed carefully in terms of cardiac arrhythmias
(44).
Parkinson's Disease
Devos D. et al. divided 30 Parkinson patients into three
groups: mild (with mildly impaired L-Dopa activity; the group
that have got the disease earlier than 2 years), moderate (the
group with moderately impaired L-Dopa activity) and severe
(the group with concomitant motor complications), and found
that there was no difference between the mild PD group and
the control group in terms of HRV values, and that there was a
decrease in diurnal LF and LF/HF power values of the
moderate and severe (PD) groups, and that there was a
decrease in HF and pNN50 power (the nocturnal vagal
indicators) of the severe group, and stated that these findings
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could indicate cardiovascular dysautonomia in Parkinson's
disease (45).
Exercise
As a result of time-domain heart rate variability analysis, it has
been reported that SDNN values, RMSSD values and
triangular index values from time-domain parameters
respectively increased with exercise (46).
Beta Blockers
Beta blockers increase the heart rate. However, there is no
sufficient data related to its the effects on HRV in the postmyocardial period. It has been reported that LF increase
observed in the morning is prevented by beta blockade (12).
Antiarrhythmics
Decrease in HRV increases the mortality rate independently of
previous myocardial infarction (by increasing the risk for
arrhythmia) (47). Drugs used for anti-arrhythmic purposes
affect HRV. The use of propafenone and flecainide in patients
with chronic ventricular arrhythmia results in a decrease in the
time-domain parameters of HRV (48). It was reported by
another study that propafenone decreased HRV, decreased LF
more than HF, and accordingly decreased LF/HF ratio
significantly (49). Bigger JT et al. reported that flecainide,
encainide and moricizine decreased HRV in patients who had
myocardial infarction, however there was no link between the
mortality and the decrease in HRV (50).
Scopolamine and Atropine
Low-dose muscarinic receptor blockade with agents such as
scopolamine and atropine leads to an increase in vagal efferent
activity. Scopolamine causes pharmacological modulation of
neural activity by increasing the vagal activity, and leads to a
significant increase in HRV, however the results of long-term
treatment with scopolamine are unknown (6).
ACE Inhibitors
Parasympathetic activity is increased by their use in heart
failure. ACE inhibitors prevent the inhibition of central vagal
output that is caused by AT-II, and increase the baroreceptor
sensitivity. As a result of these, HRV is positively affected.
ACE inhibitors do not affect HRV in healthy individuals (12).
Calcium Channel Antagonists
Diltiazem decreases the sympathetic activity, however, unlike
beta-blockers, it does not increase the parasympathetic
activity. The LF/HF ratio is reduced (51).
Digoxin
Digoxin mainly decreases LF. The LF/HF ratio is reduced. No
change occurs in the HF band. These changes are not observed
in healthy individuals (6).
Provocative Maneuvers
Selective changes are observed in HRV components in
autonomically provocative maneuvers such as dobutamine
stress test, hand-grip, tilt table test. There are authors who
linked syncope to a significant LF increase developed during
the tilt table test (12, 52).

Mobile phone
Tamer A. et al. investigated the effects of mobile phone on
HRV in the closest position and investigated the HRV
parameters with a 30 min of exposure (SNN50total, SDNN,
SDNNI, SDANN, RMSDD, and triangular index from timedomain parameters were used) in healthy adult subjects while
the mobile phone was in different modes (mobile phone on, off
and search active) and in the closest position to the heart, that
is, in precordial area and reported that mobile phone signals
did not affect the heart rate, blood pressure, and did not cause
cardiac autonomic dysfunction (53). However, Yıldız M. et al.
investigated the effects of mobile phones on Power Spectral
Density (PSD) of HRV and detected an increase in HF area
power (p<0.01), which is known to arise as a result of
parasympathetic activity of the autonomic nervous system, and
detected an increase in the central frequency of the LF region
(p<0.05), which is known to arise as a result of the
combination of sympathetic and parasympathetic (vagal)
activity (54). Wile et al. reported a significant difference in
LF/HF ratio during heart rate change frequency-plane analyzes
of subjects who were exposed to 1W/kg of electromagnetic
energy for 10 minutes (55). Although no significant difference
in LF/HF ratio was observed in the study of Yıldız et al., it
supports the study of Wile et al. in terms of indicating that
changes may occur in the regulation mechanisms of heart rate
(54).
While the output power for mobile phones is around 250 mW
during talking, mobile phone tries to reach the base station
with the highest output power (<2 W for 900 MHz, <1 W for
1800 MHz) during the call (56).The limit values for
uncontrolled exposure in terms of electrical field were
determined to be 42 V/m for 900 MHz and 57 V/m for 1800
MHz by the International Commission on Non-Ionizing
Radiation Protection (ICNIRP); electric field intensity of a
mobile phone with 2 W output power, functioning at 1800
MHz, was measured to be 400 V/m at 2.2 cm distance (56).
Considering that many mobile phones used in daily life have a
power output of 2 W or more, it is obvious that the issue of
whether mobile phones have a direct effect on the parameters
of HRV or not deserves further researches. Within this context,
longer-term and broader-based studies than the abovementioned studies are needed to better evaluate the effect of
mobile phones on HRV.
Mood Disorders
Studies conducted in recent years support that the heart rate
variability may be a reflection of the pathology of mood,
cognition, and behavior (57). The heart rate variability can be
used as a sensitive method in the examination of association
between psychopathology and autonomic dysfunction (58). It
was shown in many studies that heart rate variability was
decreased in panic disorder patients, in other words,
parasympathetic tone was decreased and relatively sympathetic
dominance arose (59,60).
A decreased vagal tone, an increased sympathetic tone in
depressed patients may result in cardiac arrhythmias and
sudden death, decreasing the ventricular fibrillation threshold.
QT variability also leads to an increase in arrhythmias which is
related to the increase in sympathetic tone (61). It has been
reported that the heart rate variability was lower in depressed
patients when the heart rate variability of depressed and nondepressed post-MI patients were compared (62).
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Tricyclic Anti-depressants
They are effective on heart rate, rhythm, electrical conduction,
blood pressure and myocardial contractility.
The heart rate is usually increased in the range of 10-20
pulses/minute with by anticholinergic effect (63). These drugs
prolong the QTc interval and increase the QT variability. The
prolongation of the QT interval shows an arrhythmogenic
effect. This arrhythmogenic effect is more significant at high
doses and in coronary artery disease. They decrease the heart
rate variability (64,65).
Selective Serotonin Reuptake Inhibitors (SSRIs)
Studies conducted with SSRIs until today have showed that
these drugs have a safer and more effective cardiovascular
profile than the TCAs in depressive patients with ischemic
heart disease. Selective serotonin reuptake inhibitors
(paroxetine, fluoxetine, sertraline) do not have a significant
effect on HRV and QT. They may cause a decrease in
mortality rate due to their antithrombocyte activities. These
agents prevent the accumulation of serotonin in thrombocytes.
Thus, thrombocyte activation and aggregation are brought to
normal levels in depressed individuals with ischemic heart
disease (61).

are measured in primary neurological disorders progressing
with alterations in autonomic functions such as Parkinson,
multiple sclerosis, Gullian-Barré syndrome, Shy Drager
syndrome, and in secondary autonomic neurological disorders
concomitant with conditions such as diabetes mellitus, spinal
cord injuries, alcoholism, and in diseases in which
sympathovagal factors are considered to play an important role
such as long QT syndrome, may provide useful information on
early diagnosis and course and treatment efficacy of the
disease (6,47). Long-term and broad-based studies are needed
to reliably reveal the sensitivity, specificity, and predictive
value of the heart rate variability in aforementioned diseases.
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