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Abstract

Objective: The measurement of heart rate variability (HRV) is often applied as an index of autonomic nervous
system (ANS) balance and, therefore, myocardial stability. Previous studies have suggested that relaxation or
mind–body exercise can influence ANS balance positively as measured by HRV but may act via different
mechanisms. No studies, to the authors’ knowledge, have examined the acute response in HRV to interventions
combining relaxation and mind–body exercise. The objective of this study was to compare the acute HRV
responses to Yoga Nidra relaxation alone versus Yoga Nidra relaxation preceded by Hatha yoga.
Design: This was a randomized counter-balanced trial.
Setting: The trial was conducted in a university exercise physiology laboratory.
Subjects: Subjects included 20 women and men (29.15 – 6.98 years of age, with a range of 18–47 years).
Interventions: Participants completed a yoga plus relaxation (YR) session and a relaxation only (R) session.
Results: The YR condition produced significant changes from baseline in heart rate (HR; beats per minute [bpm],
p < 0.001) and indices of HRV: R–R (ms, p < 0.001), pNN50 (%, p = 0.009), low frequency (LF; %, p = 0.008) and
high frequency (HF; %, p = 0.035). The R condition produced significant changes from baseline in heart rate (bpm,
p < 0.001) as well as indices of HRV: R–R (ms, p < 0.001), HF (ms2, p = 0.004), LF (%, p = 0.005), HF (%, p = 0.008)
and LF:HF ratio (%, p = 0.008). There were no significant differences between conditions at baseline nor for the
changes from baseline for any of the variables.
Conclusions: These changes demonstrate a favorable shift in autonomic balance to the parasympathetic branch
of the ANS for both conditions, and that Yoga Nidra relaxation produces favorable changes in measures of HRV
whether alone or preceded by a bout of Hatha yoga.

Introduction

Regulation of the heartbeat is achieved in large part
by the balance between the sympathetic and parasym-

pathetic branches of the autonomic nervous system (ANS).
Heart rate variability (HRV), the variance between R–R in-
tervals on the electrocardiogram (ECG), can be used to assess
this balance.1 It is important to understand that the para-
sympathetic component of the ANS predominates over the
sympathetic branch such that increased sympathetic activity
is only possible with a corresponding decrease in parasym-
pathetic tone. Increased parasympathetic tone is marked by a
greater HRV and is thought to create a more electrically stable
myocardium.2 In contrast, sympathetic dominance may cre-
ate an electrically unstable myocardium that is marked by
decreased HRV. An unstable myocardium is at greater risk for
random myocite firing as is the case with premature ventric-
ular contractions (PVCs) or more-severe cardiac arrhythmias

and sudden cardiac death.2 The balance between the
sympathetic and parasympathetic autonomic pathways is
becoming an increasingly studied parameter because of the
associations between reduced parasympathetic tone and
sympathetic dominance, cardiovascular disease (CVD), and
mortality.3–5 According to Liao et al.,6 the mechanisms
mediating the association between decreased parasympa-
thetic tone and CVD are increased myocardial oxygen
consumption, ventricular excitability, coronary vasoconstric-
tion and myocardial ischemia, plaque fissures, macrophage–
low-density lipoprotein (LDL) oxidation, and decreased
arrhythmic threshold. Therefore, any means of decreasing
sympathetic tone and/or increasing parasympathetic modu-
lation may offer a cardioprotective effect and aid in the pre-
vention or management of CVD.7,8

Moderate and vigorous physical activity have been shown
to increase parasympathetic modulation in both healthy
subjects and in those with CVD.7,9–13 Mind–body exercise,
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such as yoga and t’ai chi, are often used for stress reduction
and mood elevation, and have also increased parasympa-
thetic tone but are less well-studied.14,15 More specifically,
there are currently no studies that have investigated the
effects of Hatha yoga on the ANS, acutely or chronically.
Studies on the acute responses of the ANS to mind–body
exercise may provide a basis for a better understanding of
chronic adaptations that may reflect the cumulative effects
from acute bouts of exercise over time.16 Therefore, studies to
determine the most effective mind–body activities for in-
creasing parasympathetic modulation acutely may also lead
to a better understanding of the chronic responses to such
interventions as well.

It has become a popular notion, in some circles, that
‘‘stacking’’ different forms of mind–body exercise produces
greater benefits than when performed alone. In addition, it is
possible that relaxation and mind–body exercise such as
Hatha yoga may induce increases in parasympathetic mod-
ulation by different mechanisms. As such, it is also possible
that combining these two interventions may result in a
greater effect on the ANS than either one by itself. To date,
few studies have used a comparative research design to test
multiple techniques within the same individuals. Studies that
have compared multiple techniques were limited to various
types of meditation.17 The current authors are aware of only
one study that compared the effects of nonspecific relaxation
techniques versus mind–body exercise on parasympathetic
modulation in the same experimental group, but these in-
terventions were not used in tandem.18

To summarize, relaxation and mind–body exercise have
been shown to increase parasympathetic modulation acutely
but may act via different mechanisms No studies, to the
current authors’ knowledge, have examined the acute effects
of the combination of mind–body exercise with Yoga Nidra
relaxation on the ANS. Therefore, the purpose of this study
was to compare the acute sympathovagal changes, as mea-
sured by HRV, that occur in men and women during Yoga
Nidra relaxation following a Hatha yoga session and during
relaxation only. It was hypothesized that (1) Yoga Nidra
relaxation would result in increased HRV and parasympa-
thetic tone and (2) a prior bout of Hatha yoga would produce
changes significantly greater than those with relaxation
alone.

Materials and Methods

Participants

Fifteen (15) women and 5 men (ages 29.15 – 6.98, range
18–47 years) were recruited from Florida Atlantic Uni-
versity’s (FAU’s) student population and area yoga studios
to participate in the study. Each participant was asked to
complete a Health History Questionnaire as well as a Phy-
sical Activity Questionnaire from which the primary inclu-
sion criteria were identified, including participation in a
Hatha yoga class at least once per week for the past 2 months
prior to participation in the study. Exclusionary criteria in-
cluded any previous history of musculoskeletal disorders
that could prevent the subjects from performing the pos-
tures, as well as any medical conditions, such as cardiovas-
cular disease (including hypertension), taking medications
that would affect heart rate (HR) or blood pressure (BP), or
have known cardiac arrhythmias. Individuals who engaged

in regular aerobic or strength-training exercise (> 3 days per
week) over the prior 6 months were also excluded.

During the familiarization session, participants were
shown images of the postures that they would be asked to
perform during the yoga session. If any subject felt that he/
she was not capable of performing any of the postures, that
subject was not included in the study. All procedures were
approved by the Florida Atlantic University’s institutional
review board for human subjects research before initiation of
the study, and each participant was advised of any possible
risks before providing written informed consent.

Study design

This study used a randomized crossover design. Partici-
pants were initially randomly assigned to the yoga plus
relaxation (YR) or the relaxation only group (R). After com-
pletion of the first laboratory session, participants subse-
quently switched groups, so that all subjects participated in
both conditions. Participants completed the two conditions
on two different days at least 48 hours apart and at the same
time of day. Female subjects completed both trials during the
follicular phase of their menstrual cycle, because the luteal
phase has been associated with increased sympathetic ac-
tivity.19 All sessions were performed in Room 254 of the
Education and Science building at the FAU Davie campus
which provided a private, quiet, and comfortable venue to
perform relaxation and yoga. Subjects were instructed not
to consume any caffeine or alcohol at least 24 hours prior to
testing, to avoid eating at least 1 hour prior to testing, and to
avoid strenuous activity 24 hours prior to testing. Prior
to both relaxation sessions, subjects rested quietly in a supine
position for 20 minutes. Average HR and measures of HRV
during the last 5 minutes of rest were used as the baseline by
which the responses to both conditions were compared.

The HRV data were measured and recorded during all
sessions with a Polar RS 800 HR monitor (Polar Electro,
Kempele, Finland), using a two-way telemetry system with
signal transduction via the Polar Advantage Interface re-
ceiver to a personal computer. Any ectopic beats were
filtered by Polar, Inc., software. The time domains that were
assessed were (1) the square root of the mean of the sum of
the squares of the differences between adjacent R–R intervals
(RMSSD; ms), (2) the standard deviation of all the R–R in-
tervals (SDNN; ms), and (3) the portion of all R–R intervals
having a difference of greater than 50 ms (pNN50; %). These
data were determined from the time interval between
the R–R intervals. Increases in any of these measures indicate
an increase in parasympathetic and/or decrease in sym-
pathetic tone.20

A Fourier transformation was applied to the R–R interval
data to determine the frequency domains. The frequency
domains that were analyzed included (1) low frequency
(LF; ms2 and %), (2) high frequency (HF; ms2 and %), (3) total
power (TP; ms2) and (4) the low-to-high–frequency ratio
(LF:HF). The association between these measures and HRV
are less clear but increases in HF and TP are thought to
reflect increased parasympathetic and/or decreased sympa-
thetic tone.20 The meaning of increased LF and/or LF:HF
ratio are not clear and, while they may reflect increased
parasympathetic tone, they cannot be used to make state-
ments about changes in sympathetic tone. Definitions for
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these parameters are summarized above and normative
values are in Table 1.20

Intervention protocol

Under the YR condition, and after 20 minutes of rest,
subjects were led through a traditional 60-minute Hatha
yoga session by watching Ganga White’s, Total Yoga DVD.
This sequence included sun salutations, standing, balance,
forward bends, and backward bends. The specific postures
included on the DVD are: mountain pose; forward bend;
lunges; cobra; plank; side plank; downward dog; upward
dog; triangle pose; chair pose; warrior one; side angle pose;
half moon pose; tree pose; wide leg pose; boat pose; staff
pose; and Shavasana (5 minutes). Contiguous with the Hatha
yoga, the second part of the YR condition was 30 minutes of
Yoga Nidra relaxation while listening to the CD by Shiva
Rea, Drops of Nectar. Specifically, Yoga Nidra includes
bringing awareness and relaxation to each part of the body
and focusing on positive statements while soft music plays in
the background. The R condition included only the 20 min-
utes of supine rest followed by 30 minutes of Yoga Nidra
relaxation. Breathing frequency was not controlled during
any part of the sessions, as previous research by Bloomfield21

suggests that controlled breathing may actually decrease
parasympathetic modulation.

Data analysis

A 2-way repeated-measures analysis of variance (ANOVA)
was used to analyze the effects of the R condition, the YR
condition, and time (baseline, R). Posthoc paired t-tests were
used, when appropriate, to probe for statistical significance.
A p-value < 0.05 was accepted as statistically significant. The
statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) for Microsoft Windows
(Version 17.0, 2006; SPSS, Inc., Chicago, IL).

Results

Descriptive characteristics of the subjects, n = 20 (15 fe-
male, 5 male), are presented in Table 2. Baseline values for
LF, HF, and LF:HF ratio were comparable with previously
reported norms.20 There were no significant differences
( p > 0.05) between the two baseline sessions for any of the
HRV variables. Time and frequency domains for HRV, at
baseline and at the end of relaxation for both conditions, are
shown in Table 3. There were significant main effects for time
for HR (bpm, p < 0.001), R–R (ms, p < 0.001), pNN50 (%,
p = 0.004) LF (%, p < 0.001), HF (ms2, p = 0.009), HF (%,
p < 0.001), and LF:HF (p = 0.035). Post-hoc analysis showed
significant changes from baseline for the YR condition in HR
(p < 0.001), RR (p < 0.001), pNN50 ( p = 0.009), LF ( p = 0.008)
and HF (% p = 0.035). Posthoc analysis showed significant
changes from baseline for the R condition in HR (p < 0.001),
RR (p < 0.001), HF (ms2, p = 0.004), LF (% p = 0.005), HF (%,
p = 0.008) and LF/HF ( p = 0.008). There were no significant
differences between conditions for the changes from baseline
for any of the variables; no significant time by condition
interaction effect was detected ( p > 0.05) for any of the HRV
variables.

Discussion

To the best of the current authors’ knowledge, this is the
first study to examine the effect of a bout of Hatha yoga prior
to Yoga Nidra relaxation on HRV, compared to R. Briefly, the
results demonstrate that (1) Yoga Nidra relaxation produces
favorable changes in indices of HRV whether alone or pre-
ceded by a bout of Hatha yoga and that (2) the changes were
not significantly different between relaxation conditions.

Both relaxation conditions produced a shift in cardiac
autonomic balance favoring parasympathetic modulation as
reflected by the increases in R–R, HF%, HFms2 (R group),
and pNN50 (YR group); and the decreases in HR, LF%, and

Table 1. Normal Values of Standard Measures

of Heart Rate Variability (hrv)
20

Time domain analysis of nominal 24 hours

Variable Units Normal values (mean – SD)

SDNN ms 141 – 39
RMSSD ms 27 – 12
HRV triangular index – 37 – 15

Spectral analysis of supine 5-minute recording

Variable Units Normal values (mean – SD)

Total power ms2 3466 – 1018
LF ms2 1170 – 416
HF ms2 975 – 203
LF nu 54 – 4
HF nu 29 – 3
LF:HF ratio - 1.5:2.0

SD, standard deviation; see Box 1 for other abbreviations.

Table 2. Subject Characteristics

(Values are Mean – SD)

Characteristics Values

Age (yrs) 29.15 – 6.98
Height (cm) 163.66 – 8.01
Weight (kg) 66.36 – 20.76
Body fat (%) 20.00 – 7.72
Systolic BP (mmHg) 116.00 – 14.48
Diastolic BP (mmHg) 74.30 – 11.09
Yoga participation (days/wk) 1.95 – 1.23
Non-yoga exercise (met hrs/wk) 22.02 – 15.23

SD, standard deviation; BP, blood pressure.

LIST OF ABBREVIATIONS AND DEFINITIONS

SDNN Standard deviation of all R–R intervals
RMSSD Square root of the mean of the sum of the

squares of the differences between adjacent
R–R intervals

pNN50 The proportion of R–R intervals > 50 ms.
TP Total power
LF Low frequency
HF High frequency
LF:HF Low to high power ratio
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LF:HF ratio. While there were also nonsignificant trends in
the R condition for rMSSD ( p = 0.072), TP ( p = 0.072), and
pNN50 ( p = 0.064), it does not appear that there was any real
difference between the two relaxation conditions.

While Yoga Nidra relaxation was shown to increase HRV,
this response was not altered by a prior bout of Hatha Yoga.
While it was beyond the scope of this study to identify
mechanisms, there are at least several plausible explana-
tions. Based on data recorded during the last 5 minutes of
exercise, the bout of Hatha Yoga raised participant HRs
(88.8 + 12.4 bpm) and lowered HRV (data not shown), sug-
gesting a reduced parasympathetic drive. The increase in HR
was consistent with mild exercise. However, these changes in
HR and indices of HRV were transient. After 30 minutes of
Yoga Nidra relaxation, these measures were not significantly
different from those recorded at the end of the R condition.
As such, a bout of Hatha Yoga preceding 30 minutes of Yoga
Nidra relaxation, does not appear to influence HR or HRV
response. An alternative hypothesis is that Hatha yoga may
influence the HRV response to R as a result of chronic ad-
aptations to frequent bouts performed over time. Such a
training response could have altered HR and HRV response,
yet not been evident in the current study, given its within-
subject design and focus on acute responses.

Previous relaxation studies

The current results indicate that Yoga Nidra relaxation
does increase HRV and the responses are not affected by a
prior bout of Hatha yoga. The type of relaxation performed
focused thoughts on relaxing each body part, as well as the
internal body, and focused on feelings of connectedness and
gratitude. Other forms of relaxation have also been shown to
increase HRV, including various types of meditation and
autogenic training.

Miu et al.5 demonstrated that, compared to acute stress,
autogenic training (a form of relaxation in which awareness
is brought to the body and thoughts are focused on heavi-
ness and warmth of each body part) produced significantly
greater HF (ms2) and R–R (ms) measures of HRV, demon-
strating that autogenic training has the opposite effect on

HRV as stress. Sarang et al.18 found that cyclic meditation,
which is an active form of meditation consisting of holding
simple postures while focusing on relaxing the body, has
been shown to decrease HR, LF(nu), and LF:HF ratio from
baseline, while HF(nu) increased after practicing for 20
minutes. The present study had similar results with HR,
LF%, LF:HF decreasing and HF% increasing for both relax-
ation preceded by Hatha yoga and R, compared to baseline.

Other studies have shown that relaxation can increase
parasympathetic control, however, not to the same degree as
the present study. Sakakibara et al.22 studied the effects of
autogenic training on HRV and found increases in HF (ms2)
only. HR, LF (ms2), and LF:HF ratio did not change signifi-
cantly. The present study, however, showed that relaxation
not only increased HF (ms2 and %), but also lowered HR,
LF%, and LF:HF ratio. The apparently greater HRV response
may have been a function of time. The Sakakibara study only
examined relaxation for 15 minutes preceded by a baseline
measurement of 5 minutes, compared to 30 minutes of re-
laxation preceded by a 20-minute baseline in the present
investigation. Bernardi et al.23 demonstrated that mantras
and prayer are able to slow breathing, increase baroreceptor
sensitivity (a marker of increased parasympathetic tone), and
increase R–R, compared to free talking. While these findings
appear to support the findings of the present study, no
measurements of HRV, aside from R–R, were reported.

Contrary to the results of the present study, relaxation
findings from Peng et al.24 showed that, in two forms of
meditation, relaxation response and segmented breathing,
LF and LF:HF ratio increased, with an increase in HR for the
segmented breathing group. There were no significant
changes noted for HF in either group. In the segmented
breathing condition, the researchers attributed respiratory
sinus arrhythmia for at least some of the changes seen. Pre-
vious research by Bloomfield21 also showed that controlled
breathing may actually decrease parasympathetic modula-
tion. On the contrary, the findings of the present study,
which did not manipulate breathing rate, indicate that re-
laxation can produce a parasympathetic increase as seen by
the increase in HF, R–R, and decrease in HR. While the
current study did not attempt to control for breathing rate or

Table 3. Measures of Heart Rate Variability at Baseline and Postrelaxation (N = 20)

YR baseline YR relaxation R baseline R relaxation

HR (bpm) 66.31 – 10.16 60.64 – 8.74* 64.77 – 7.52 61.34 – 7.31*
R–R (ms) 927.27 – 156.20 1009.43 – 146.88* 938.74 – 113.44 990.97 – 114.92*
RMSSD (ms) 53.77 – 29.74 60.09 – 27.11 54.88 – 21.85 62.83 – 30.15
pNN50 (%) 28.70 – 23.39 38.29 – 24.58* 31.15 – 19.29 37.32 – 23.75
LF (ms2) 1155.85 – 835.67 801.15 – 511.55 1246.30 – 1042.12 1255.30 – 1290.02
LF (%) 45.88 – 19.27 36.03 – 17.92* 48.70 – 17.64 39.19 – 18.22*
HF (ms2) 1409.85 – 1476.16 1580.95 – 1292.14 1028.15 – 707.06 1762.45 – 1346.09*
HF (%) 47.87 – 20.97 56.82 – 22.57* 45.90 – 18.62 58.61 – 21.56*
LF:HF 1.58 – 1.97 0.95 – 0.93 1.47 – 1.16 0.95 – 0.68*
TP (ms2) 2692.88 – 1982.70 2546.05 – 1306.18 2312.90 – 1594.56 3090.74 – 2298.12

Values are mean – standard deviation.
*p £ 0.05; postrelaxation, compared to baseline.
YR baseline = baseline measures for yoga plus relaxation condition (last 5 minutes).
YR relaxation = relaxation phase for yoga plus relaxation condition (last 5 minutes).
R baseline = baseline measures for relaxation only condition (last 5 minutes).
R relaxation = relaxation phase for relaxation only condition (last 5 minutes).
See Box 1 for list of other abbreviations and definitions.
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tidal volume—a potential limitation—the relaxation tech-
nique used in the present study may reflect more accurately
cardiac parasympathetic modulation associated with relax-
ation as typically performed.

Limitations and future directions

This study assessed changes in HRV during Yoga Nidra
relaxation alone versus Yoga Nidra relaxation preceded by
Hatha yoga. The inclusion criteria required all participants to
be practicing yoga at least 1 day per week, 2 months of yoga
experience prior to the study. However, there were some
individuals who had been involved, on and off, in yoga for
years but only practicing consistently at least 2 months prior
to participation in the study. Likewise, there were partici-
pants who were relatively new to yoga, but met the mini-
mum requirement of practicing consistently for 2 months
prior to the study. Although the inclusion criteria and the
familiarization session should have been sufficient time to
become comfortable with the postures performed during the
yoga session, the participants’ varying knowledge of yoga
and understanding of the philosophy behind performing the
postures may have produced different degrees of awareness
of the body and receptiveness to the benefits of the pos-
tures.25 This may therefore have created some variability in
the results and may have been a potential limitation of the
study.

Another potential limitation may have been psychologic
stress felt by some participants during the yoga session. The
sessions were conducted one participant at a time, and for
safety purposes, not to mention internal validity, under the
supervision of the same yoga instructor. Participants were
not accustomed to practicing yoga for research purposes nor
having done so in a research setting, this may have caused
participants to feel nervous and under pressure to perform
the postures perfectly. Given the physiologic effect of emo-
tions on HRV,26,27 this may have altered the effects of the
yoga and inhibited potential parasympathetic benefits.

Future studies might strive to replicate the current study
with participants who are more uniform and experienced in
their knowledge of yoga. Also, it would be interesting to see
if the present findings, using a form of guided relaxation,
could be replicated or compared with unguided relaxation
techniques by including such a group as a control. Future
studies should also study Yoga Nidra relaxation and yoga
separately. These studies might compare multiple styles and
intensities of yoga to determine clearly the sole effect of
Hatha yoga on HRV, as well as studies on various types of
relaxation. In addition to acute studies, longitudinal studies
on the effects of relaxation are warranted. The majority of
studies reveal that relaxation produces a transient effect on
HRV; however, long-term relaxation studies are lacking. It is
unclear if practicing relaxation daily produces chronic changes
in HRV. Finally, neither the present study nor past yoga or
relaxation studies have investigated the physiologic mecha-
nisms underlying the increases in HRV induced by relaxation
techniques. Therefore, future studies may work toward elu-
cidating how relaxation is able to induce a parasympathetic
response physiologically. In addition to physiologic measures
of relaxation and/or yoga, standardized questionnaires eval-
uating subjective feelings of relaxation may also be helpful for
evaluating the benefits of such practices.

Conclusions

In summary, the results of the present study add support
to past studies that have found various relaxation techniques
to increase parasympathetic tone and HRV. Furthermore, it
appears that the Hatha yoga exercise set performed in this
study prior to engaging in Yoga Nidra relaxation had no
significant effects on changes in HRV, compared to practic-
ing R. These findings may have practical implications for
health and well-being and provide a foundation for future
studies of the benefits of mind–body exercise.
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