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Autonomic Nervous System (ANS)
• Controls involuntary functions; (Purves et al., 2008)
• Functions include heart rate (HR), blood pressure, respiration,
and digestion; (Malik et al., 1996; Waxenbaum & Varacallo, 2019)
• Helps maintaining homeostasis; (Shaffer, McCraty, & Zerr, 2014; Klusek,
Roberts, & Losh, 2015; Rees, 2014)

• Comprises of three distinct divisions:
a) Sympathetic Nervous System (SNS),
b) Parasympathetic Nervous System (PNS),
c) Enteric Nervous system (ENS). (Wehrwein, Orer, & Barman, 2011)

Sympathetic Nervous System (SNS)
• “Fight-or-flight” reaction;

(Waxenbaum & Varacallo,

2019)

• Resources used maximum, under
demanding situations;
• Increases chances of survival/success; (Purves
et al., 2008)

• Dilation of pupils and retraction of eyelids,
↑HR, bronchi of the lungs dilate, ↑ blood
supply to the skeletal muscles, ↓ blood
supply to skin and gut and processes like
digestion and other vegetative functions are
slowed down. (Purves et al., 2008; Griffin, 1990)

Parasympathetic Nervous System (PNS)
• Maintains fundamental functions; (Robertson,
Low, & Polinsky, 2011)

• “Rest & digest”; (Purves et al., 2008)
• Constriction of pupils and lens of the eye
adjusts for near vision, ↓HR, ↑blood supply
to skin and gut, stimulates the peristalsis
movement of intestines and regulates
basic body functions like digestion and
urination; (Purves et al., 2008; McCorry, 2007)
• Vagus nerve (Xth Cranial nerve). (Robertson,
Low, & Polinsky, 2011)

Balance between SNS & PNS

(Udupa & Sathyaprabha, 2018)

Enteric Nervous System (ENS)
• Referred to as “Brain of the Gut”; (Gershon, Kirchgessner, & Wade, 1994)
• Collection of neurons in gastrointestinal tract; (Furness & Costa, 1987)
• Orchestrates gastrointestinal function independently of Central
Nervous System (CNS) input, normally does not do so; (Rao &
Gershon, 2016)

• Works in coordination with SNS and PNS to control digestion;
(Wehrwein, Orer, & Barman, 2011)

• Plays an important role in neurological disorders. (Rao & Gershon,
2016)

Heart Rate Variability (HRV)
• Fluctuation in time intervals between adjacent heart beats; (McCraty &
Shaffer, 2015)

• Controlled by ANS, an index of a healthy heart function;
• Neurocardiac function that reflects heart–brain interactions; (Sawane &
Gupta, 2015)

• ↑ HRV sign of healthy heart, ↓ HRV marker of disease; (Thayer, Åhs,
Fredrikson, Sollers III, & Wager, 2012)

• Evaluates sympatho-vagal balance (sino-atrial level) in non-invasive
way; (Sztajzel, 2004)
• ↑ sympathetic activity of nervous system ↑ HR;
• ↑ parasympathetic activity of nervous system ↓ HR.(Thayer, Åhs,
Fredrikson, Sollers III, & Wager, 2012)

Quantification of HRV
• HRV analysed from 5 minutes or more using
Electrocardiographic (ECG) recordings; (Udupa & Sathyaprabha, 2018)
• Task Force of the European Society of Cardiology (ESC) and
North American Society of Pacing and Electrophysiology
(NASPE) 1996, defined and established standards of HRV
measurement for physiological interpretation and clinical
usage; (Malik et al., 1996)
• Standardized clinically used parameters for HRV:
a) Time Domain methods (Malik, 1995; Kleiger, Stein, Bosner, & Rottman,
1992)

b) Frequency Domain methods (Malliani, Lombardi, & Pagani, 1994)
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Time Domain Analysis
Measures changes in HR over a period of time or the time between two successive
normal-to-normal intervals are determined. (Malliani, Lombardi, & Pagani, 1994)
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Description
Standard deviation of all (normal
to normal) NN intervals

Physiologic Correlates
Sensitive to all sources of variation, e.g.: respiratory,
baroreceptor, thermoregulation and activity.

Standard deviation of all NN
intervals in all 5-minute segments
of the entire recording

More sensitive to lowest frequencies, posture, activity and the
basic day- night change in heart rate. This measure basically
shows how much heart rate differs during each 5- minute period
from the overall day- long mean heart rate.

The square root of the mean of
the sum of squares of differences
between adjacent NN intervals
Count of number of pairs of NN
(Normal to normal RR) intervals
differing by >50 ms
NN50 divided by total number of
all NN intervals
Triangular index of NN interval

Both RMSSD and pNN50 indices are most sensitive to the
highest frequency components. They select the changes that
occur from one QRS cycle to the very next. Evidences suggest
that these time domain measures are the best predictors of
parasympathetic activity.

Estimate overall HRV
(Udupa & Sathyaprabha, 2018)

Frequency Domain Analysis
Provides details of periodic oscillations of HR signal at a given frequency or
amplitude and how power (i.e., variance) is distributed as a function of frequency.
(Malliani, Lombardi, & Pagani, 1994)
Power
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Total power

ms2

0-0.4 Hz
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Ultra low frequency
(ULF) power

ms2

0-0.003 Hz

Postural changes, daily activity, Parasympathetic tone?

Very low frequency
(VLF) power
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0.003–0.04 Hz

Thermoregulation? Rennin-angiotensin-aldosterone system
(RAAS)?

Low frequency (LF)
power

ms 2

0.04–0.15 Hz

Sympathetic and parasympathetic tone

High frequency
(HF) power
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0.15–0.4 Hz

LF nu
HF nu
LF/HF ratio

Normalized units
Normalized units
Ratio

LF/ (LF+HF)*100
HF/ (LF+HF)*100
LF/HF

Respiration, Parasympathetic tone
Sympathetic and parasympathetic tone
Respiration, Parasympathetic tone
Sympathovagal balance
(Udupa & Sathyaprabha, 2018)

Respiratory Sinus Arrhythmia (RSA)
• Biological phenomena (Yasuma & Hayano, 2004) change in HR in
synchrony with respiration; (Thayer, Åhs, Fredrikson, Sollers III, & Wager,
2012)

• HR↑ during inhalation and ↓during exhalation; (Billman, 2011)
• Reducing number of heart beats per exhalation by
coordinating RSA within each respiratory cycle helps saving
energy;
• Improves pulmonary gaseous exchange; (Yasuma & Hayano, 2004)
• Considered a marker of PNS activity. (Austin, Riniolo, & Porges, 2007)

HRV in Psychiatric Disorders
• Psychiatric disorders, associated with autonomic dysregulations,
(Birkhofer, Schmidt, & Förstl, 2005)

• Transdiagnostic biomarker of mental illness; (Beauchaine and Thayer, 2015)
• ↓HRV across psychiatric disorders, (Kemp et al.,2010; Licht, De Geus, Van Dyck, &
Penninx, 2009)

• Effects remain significant even in medication-free individuals; (Alvares,
Quintana, Hickie, & Guastella, 2016)

• ↑Cardiovascular disease (CVD) risk in individuals with psychiatric
disorders; (Baune, Adrian, Arolt, & Berger, 2006)
• ↑ CVD, may also be a negative impact of specific medications (e.g.
clozapine ) on HRV.(Alvares, Quintana, Hickie, & Guastella, 2016)

HRV in Schizophrenia
• Reduced HRV and increased breathing rates in patients at rest;
(Bar et al., 2010)

• Sympathovagal imbalance, sympathetic dominance and
diminished levels of parasympathetic activity; (Bar et al., 2007)
• Research indicates, no abnormalities in initial sympathetic stress
response; (Castro et al., 2008)
• Diminished capacity to recover from stress response (result of
deficits in parasympathetic activity); (Castro et al., 2008)
• Diminished PNS response related to increased symptom severity.
(Fujibayashi et al., 2009)

HRV in Anxiety Disorders
• Anxiety disorders [panic disorder (PD), post traumatic stress disorder
(PTSD), generalised anxiety disorder (GAD), obsessive-compulsive
disorder (OCD), social anxiety disorder (SAD), specific phobias]
characterized by:
 SNS arousal, (Hazlett, McLeod, & Hoehn‐Saric, 1994)
 Decreased vagal tone,
 Poorer parasympathetic control over sympathetic arousal,
 Decreased HRV and RSA; (Thayer, Friedman, & Borkovec, 1996; Åhs, Sollers III,
Furmark, Fredrikson, & Thayer, 2009).

• HRV reductions may also be observed during phasic forms of anxiety,
such as panic symptomatology (Cohen et al., 2000)

HRV in Major Depressive Disorder (MDD)
• ↓HRV depression, decreases further as depression progresses from
mild to severe, (Kemp et al., 2010)
• ↓ HRV indicates autonomic imbalance, (Koch, Wilhelm, Salzmann, Rief, &
Euteneuer, 2019)

• Depression, associated with ↓ parasympathetic activity and
↑sympathetic activity, (Udupa et al., 2007a)
• Anti-depressive therapy (serotonin reuptake inhibitors) fails to
improve HRV; (Birkhofer, Schmidt, & Förstl, 2005)
• ↓HRV, potential mechanism of increased cardiac morbidity and
mortality. (Bigger et al., 1991)

Therapeutic effects of Yoga in Depression: A
Neurobiological Investigation (Funded by DST)
 AIM:
To evaluate the efficacy of Yoga as an add-on treatment in depression, based on clinical rating scales.
 OBJECTIVES:
• To evaluate the following parameters in patients with depression receiving add-on Yoga therapy
compared to those on conventional treatment and in healthy subjects.
 Conventional AFTs and HRV, using resting state ECG
 GABA mediated CI, using TMS
 Neuro-hemodynamic correlates of emotion processing, using fMRI
• To study plasma levels of BDNF, IL-1β, and IL-6 using peripheral blood sample in patients with
depression receiving add-on Yoga therapy compared to those on conventional treatment and in healthy
subjects.
• To assess the correlation between the clinical severity of depression and biological measures of
autonomic function including HRV, CI, emotion processing, levels of neuro-trophic and proinflammatory biomarkers.
• To assess the correlation of therapeutic response to add on-Yoga therapy with autonomic functioning
including HRV, TMS measures of CI, emotion processing on fMRI study, and plasma levels of neurotrophic and pro-inflammatory biomarkers.

HRV in Bipolar Disorder
• Central autonomic network disturbances and brain-heart axis
alterations, linked with HRV changes in bipolar disorder; (Levy, 2013)
• HRV↓ with symptom severity (classified severity of illness: history of
psychosis, longer illness duration and higher number of previous
mood episodes); (Chang, Chang, Kuo, & Huang, 2015; Chang et al., 2014)
• Regardless of affective state (mania/depression/euthymia), displayed
↓HRV;
• HRV↓ during euthymia and depression compared with mania;
• ↓High Frequency (HF) in bipolar disorder compared to MDD and
schizophrenia. (Faurholt-Jepsen, Brage, Kessing, & Munkholm, 2017)

HRV in Other Psychiatric Disorders
• ↓HRV significantly correlated with degree of cognitive impairment
in Alzheimer's disease; (Zulli et al.,2005)
• Attention Deficit and Hyperactivity Disorders (ADHD) patients have
↓sympathetic-related spectral HRV measure compared to healthy
controls; (Negrao, Bipath, Van der Westhuizen, & Viljoen, 2011)
• Ortho-sympathetic impairment associated with orthostatic BP
dysregulation, reported in patients diagnosed with Mild cognitive
impairment (MCI). (Nicolini, 2014)
• Borderline personality disorder has ↓RSA suggesting ↑sympathetic
activity and ↓levels of parasympathetic activity. (Weinberg, Klonsky, &
Hajcak, 2009)

Modulation of HRV with different
modes of therapy

HRV Biofeedback (HRVB)
• Possible mechanism, strengthening of homeostasis
in baroreceptors; (Vaschillo, Lehrer, Rishe, & Konstantinov, 2002;
Lehrer et al., 2003)

• Stimulation of vagal afferent system may also play a
role; (Lehrer, & Gevirtz, 2014)
• Beneficial in treatment of perinatal depression,
(Beckham, Greene, & Meltzer-Brody, 2013) PTSD, (Tan, Dao, Farmer,
Sutherland, & Gevirtz, 2011) and Fibromyalgia; (Hassett et
al.,2007)

• Children diagnosed with anxious-phobic,
somatoform, obsessive-compulsive, attention deficit
hyperactivity and conduct disorders showed
improved high and medium HRV corresponding to
improved clinical outcomes. (Nada, 2009)

(Sutarto, Wahab, & Zin, 2010)

Cognitive Behavioural Therapy (CBT)
• Educates about common reactions to
trauma, relaxation training, and
identification and modification of cognitive
distortions; (Kar, 2011)
• Increases autonomic power in Panic
disorder, (Diveky, 2013) MDD, (Kim, Lim, Chung, &
Woo, 2009) PTSD, (Kar, 2011) regulates HRV
patterns in cyclic vomiting syndrome (Slutsker,
Konichezky, & Gothelf, 2010) and increased
sympatho-vagal balance in patients
suffering from chronic insomnia. (Jarrin et al.,
2016)

Transcranial Magnetic Stimulation (TMS)
• Non-invasive technique of neuromodulation and
neurostimulation based on the principle of
electromagnetic induction of an electric field in the
brain; (Roth, Amir, Levkovitz, & Zangen, 2007)
• This field can be of sufficient magnitude and
density to depolarize neurons,
• When applied repetitively, can modulate cortical
excitability, decreasing or increasing it, depending
on the parameters of stimulation; (Fitzgerald, Fountain,
& Daskalakis, 2006)

• Therapeutic potential and behavioural
consequences; (Bersani et al., 2013)
• Effective antidepressant treatment (Gershon, Dannon,
& Grunhaus, 2003; Rossini, Lucca, Zanardi, Magri, & Smeraldi, 2005)

and corrects autonomic imbalances. (Udupa et al.,
2007b)

Diet and lifestyle modifications
• Healthy life-style [example, Mediterranean
diet, (Mozaffarian et al., 2008; Soares-Miranda et al., 2012)
fish consumption, (Mozaffarian et al., 2008)
multivitamins, (Pomportes et al., 2015) losing
weight, (Zulfiqar et al., 2010) ] increases HRV;
• Undesirable aspects [example high fat or
trans-fat diet, (Soares-Miranda et al., 2012)
obesity, (Mouridsen et al., 2013) smoking cigarettes
and drinking alcohol (Young et al., 2017)] reduces
HRV;

Physical Exercise
• Positive impact on the ANS efficiency;
• Regular exercise increases vagal activity
(increase of total power at rest) and decreases
resting sympathetic activity in anxiety; (GaulAláčová, 2005)

• Physical exercise as an adjunct therapy
reported increase of different HRV indices(RR,
pNN50, RMSSD, SDNN, HF, and LF) in
geriatrics diagnosed with depression; (Toni et al.,
2016)

• Aerobic exercise increased HRV (LF, HF) in
patients with schizophrenia; (Hsu, Liang, Tai, & Cheng,
2016)

Yoga therapy
• Respiratory effects of pranayama, calming techniques in
meditation, and physical movement in asanas
↓sympathetic activation; (McCall, 2013)
• Voluntarily controlled breathing patterns ↑HRV and
accounts for 40% variance in feelings of anger, fear, joy
and sadness; (Philippot, Chapelle, & Blairy, 2002)
• Breathing techniques of different frequencies, intensities,
lengths, with end-inspiratory and end-expiratory holds
create different stimuli from multiple visceral afferents,
sensory receptors, and baroreceptors;
• It influences diverse fiber groups within the vagus nerves
inducing physiologic changes in organs, glands, and
ascending fibers to thalamic generators, limbic system,
and cortical areas. (Brown & Gerbarg, 2005)

Physical Exercise vs. Yoga therapy
S.
No
.

(Authors)

Particip
ants

Study
Design

Sample Size
(n)

Intervention

Physical exercise

Yoga Therapy

1

(Sawane &
Gupta, 2015)

Healthy
sedentar
y young
voluntee
rs

Randomiz
ed
controlled
Trial

100 (18–40
years of age )

Yoga therapy and Swimming
(60 minutes daily, 12-weeks
period)

Improved Total
power, SDNN and
RMSSD in swimming
group

Better improvement in
Total power, SDNN
and RMSSD

2

(Peter, Sood,
& Dhawan,
2015)

Healthy
male
voluntee
rs

Cross
sectional
study

1200 (aged
between 16 to
55 years)

No intervention

Higher HF (n.u.) and
lower LF/HF ratio in
Athletes (runners) as
compared to
sedentary controls

Significantly higher HF
(n.u.) and lower LF/HF
ratio as compared to
athletes and sedentary
controls

3

(Khattab,
Khattab,
Ortak,
Richardt, &
Bonnemeier,
2007)

Yoga
practitio
ners

Self as
control
trial

11 (7 women
and 4 men,
mean age: 43 ±
11; age range:
26–58 years)

Yoga therapy and placebo
program with walking and
relaxation (90 minutes once a
week over five successive
weeks (two Yoga sessions
and three placebo sessions)

Improved HRV post
placebo intervention

More significant
improvement in HRV
variables (specially in
measures associated
with parasympathetic
tone) (p < 0.001)

In both healthy and diseased populations, yoga may be as effective or better than exercise at
improving a variety of health-related outcome measures including HRV. (Ross & Thomas, 2010)

Yoga and its possible actions on HRV
• Slow breathing also ↑HRV in LF range, associated with both
sympathetic and parasympathetic systems and baroreflex activity;
(Brown & Gerbarg, 2005)

• Slow and deep breathing ↑parasympathetic tone and associated with
calm mental state; (Kaushik, Kaushik, Mahajan, & Rajesh, 2005)
• ↑HRV after yoga training may be attributed to stimulation of dermal
and/ or subdermal pressure receptors, innervated by parasympathetic
afferent ﬁbers; (Field, 2011; Chu, 2017)
• Therefore, Yoga can be used to improve autonomic responses in
patients with psychiatric disorders. (Sakakibara and Hayano, 1996)

Research Based Evidence - Effect of Yoga on
HRV in Psychiatric disorders
S
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s

Rese
arch
Desig
n

Samp
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Size
(n)
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Results

Conclusion

1

iRest
(Integrative
Restoration)
Meditation
for Older
Adults with
Depression
Symptoms:
A Pilot Study
(Internationa
l Journal of
Yoga
Therapy,
2019)

Helané
Wahbeh
and
Melissa
Nelson

Rand
omize
d
contro
lled
Trial

n=30
(55 to
90
years)

2-day retreat of iRest
meditation training
or vacation
[After the retreat,
participants were
asked to complete 20
minutes of home
practice per day for 6
weeks; this consisted
of either guided
meditations (iRest) or
music (vacation)].

Depressionrelated variables
(expectancy,
depression
symptoms,
perceived stress,
resilience, pain,
sleep quality,
and spirituality)
and biomarkers
(voice stress
analysis, heart
rate, heart rate
variability).

Preliminary
results at 6
weeks
demonstrated
improvements in
sleep impairment
in older adults
compared to the
control group and
promising trends
in improvements
in depression
symptoms and
pain severity.

iRest
intervention for
older adults with
depression
symptoms is
feasible and
acceptable.

S.
N
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Title of the
study
(Journal,
Year)

Authors

Resear
ch
Design

Sample
Size (n)

Intervention

Variables
assessed

Results

Conclusion

2

Effects of
Yoga on
Attention,
Impulsivity,
and
Hyperactivi
ty in
PreschoolAged
Children
with
AttentionDeficit
Hyperactivi
ty Disorder
Symptoms
(Journal of
Developme
ntal &
Behavioral
Pediatrics,
2018)

Samanth
a C. L.
Cohen,
Danielle
J. Harvey,
Rebecca
H.
Shields,
Grant S.
Shields,
Roxanne
N.
Rashedi,
Daniel J.
Tancredi,
Kathleen
Angkustsi
ri, Robin
L.
Hansen
and Julie
B.
Schweitze
r

Randomi
zed
waitlist
controlle
d trial

n=23
(Yoga
group =
12,
Waitlist
group=
11)

30-minute group yoga
sessions, twice a week
(Taught by trained children’s yoga
instructors and 1 to 2 assistants
using a manualized curriculum,
sequence of breathing exercises
and poses was consistent over
the 6week intervention, three
themes were created (Ocean,
Jungle, and Space Yoga
Adventures) to help keep the
children engaged; each theme
was implemented for 2 weeks, to
maximize yoga practice, parents
were given a yoga DVD (also
available online), featuring the
same 30-minute yoga protocol
themes, home practice occurred
on days the children did not
practice at school, children with
persistent challenges
participating in school yoga
classes were asked to practice
yoga daily at home, as some
children complied better in more
intimate settings) and Waitlist
group.

Parent- and
teacherrated
attention/ch
allenging
behaviours,
attentional
control
(Kinder Test
of
Attentional
Performanc
e [KiTAP])
and heart
rate
variability
(HRV)
measures at
T1(6
weeks), T2
(12 weeks)
and followup(3 months
after T2).

At baseline, there were
no significant differences
between groups. At T1,
Yoga group had faster
reaction times on the
KiTAP go/no-go task
(p=0.01), fewer
distractibility errors of
omission (p=0.009), and
more commission errors
(p=0.02) than Waitlist
group. Children in Yoga
group with more severe
symptoms at baseline
showed improvement at
T1 versus control on
parent-rated Strengths
and Difficulties
Questionnaire
hyperactivity inattention
(p=0.04) and inattention
on the ADHD Rating
Scale (p=0.02). HRV
measures did not differ
between groups.

Yoga was
associated with
modest
improvements on an
objective measure
of attention (KiTAP)
and selective
improvements on
parent ratings.

S Title of the
.
study
N (Journal,
o
Year)
.
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Effects of
Sahaj
Samadhi
meditation
on heart
rate
variability
and
depressive
symptoms
in patients
with latelife
depression
(The
British
Journal of
Psychiatry,
2018)

Authors

Emily
Ionson,
Jayneel
Limbachi,
Soham
Rej, Klajdi
Puka,
Ronnie I.
Newman,
Stephen
Wetmore,
Amer M.
Burhan
and
Akshya
Vasudev

Rese
arch
Desig
n

Sample
Size (n)

Rand n=83
omize (60d
85years)
contr
olled
Trial

Intervention

12-week Sahaj
Samadhi
Meditation (SSM)
arm with Treatment
as usual (TAU) and
TAU group
(SSM arm attended
four consecutive
days of group
meditation training,
using personalised
mantras followed by
11 weekly
reinforcement
sessions)

Variables
assessed

HRV and
Hamilton
Rating Scale
for
Depression
(HRSD; 17item) score
measured at
baseline and
12 weeks

Results

Conclusion

All time and
frequency
domain
measures of
HRV did not
significantly
change in
either arm.
However, there
was significant
improvement
in the SSM
arm, compared
with TAU, on
the HRSD
(p=0.03).

Compared with
TAU, SSM is
associated with
improvements in
depressive
symptoms, but
does not
significantly
improve HRV in
patients with late
life depression
(LLD). These
results need to be
replicated in
subsequent studies
incorporating a
group-based, active
control arm.

S
.
N
o
.

Title of the
study
(Journal,
Year)

Author
s

Rese
arch
Desig
n
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Effects of
Yoga on
Heart Rate
Variability
and
Depressive
Symptoms
in Women:
A
Randomize
d
Controlled
Trial (The
Journal of
Alternative
and
Compleme
ntary
Medicine,
2017)

I-Hua
Chu,
WenLan
Wu, IMei Lin,
Yu-Kai
Chang,
YuhJen Lin,
and
PinChen
Yang

Rand n =
omize 26
d
contr
olled
trial

Sam
ple
Size
(n)

Intervention

12 week yoga program
A 60-min session
consisted of:
1. 5 min of pranayama
(breathing exercises),
2. 5 min warm up,
3. 40 min of asana
(yoga pose) practice,
4. 10 min of savasana
(meditation/relaxation).
Yoga props, such as
blocks and belts, were
used in accordance with
each participant’s
particular body type and
needs in order to help
participants achieve
precise yoga postures
safely and comfortably.
Control group
maintained usual level of
physical activity during
the course of the study

Variables
assessed

Psychological
Scales: Beck
Depression
Inventory II;
Perceived Stress
Scale;
HRV Frequency
Domain: High
frequency (HF),
Low frequency
(LF); Low-to-high
frequency ratio
(LF/HF),
HRV Time
Domain: Standard
deviation of RR
interval (SDNN)

Results

Conclusion

Yoga group had a
significant
increase in highfrequency HRV
and decreases in
low-frequency
HRV and low
frequency/high
frequency ratio
after the
intervention. The
yoga group also
reported
significantly
reduced depressive
symptoms and
perceived stress.
No change was
found in the control
group.

Yoga program was
effective in
increasing
parasympathetic
tone and reducing
depressive symptoms
and perceived stress
in women with
elevated depressive
symptoms. Regular
yoga practice
may be recommended
for women to cope
with their depressive
symptoms and stress
and to improve their
HRV.

S
.
N
o
.
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study
(Journal,
Year)

Authors

Res
earc
h
Desi
gn

Sa
mpl
e
Size
(n)

Interve
ntion

Variables assessed

Results

Conclusion
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A Case
Series on the
Effects of
Kripalu Yoga
for
Generalized
Anxiety
Disorder
(International
Journal of
Yoga
Therapy,
2016)

Jessica R
Morgan, Marlysa
Sullivan, Akihiko
Masuda, Erin
Tully, Lindsey L
Cohen and Page
L Anderson

Cas
e
seri
es

n=3

Eight
twiceweekly
Kripal
u yoga
sessio
ns

Standardized self-report
measures of worry, trait
anxiety, experiential
avoidance, mindfulness,
and heart rate
variability were
assessed pre- and postintervention.

All participants showed
systematic
improvement in daily
worry ratings on at
least one index and all
scores on self-reported
measures of worry,
anxiety, experiential
avoidance, and
mindfulness changed
in the expected
direction following yoga
(with one or two
exceptions).
Participants also
showed improved
heart rate variability
during a worry period
from pre- to postintervention.

Yoga has the
potential to
improve the
processes linked
to Generalised
Anxiety Disorder
(GAD) and should
stimulate further
research in this
area.

S
.
N
o
.

Title of
the
study
(Journal
, Year)

Auth
ors

Rese
arch
Desig
n

Sampl
e Size
(n)

Intervention

Variables
assessed

Results

Conclusion
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Mechani
stic
Pathway
s of
Mindfuln
ess
Meditatio
n in
Combat
Veterans
With
Posttraumati
c Stress
Disorder
(Journal
of
Clinical
Psycholo
gy,
2016)

Hela
n´e
Wahb
eh,
Elena
Good
rich,
Eliza
beth
Goy,
and
Barry
S.
Oken

Rand
omize
d
contr
olled
trial

n=102

(a) the body scan
mindfulness
meditation(MM),
(b) slow
breathing (SB)
with a
biofeedback
device,
(c) mindful
awareness of
the breath with
an intention to
slow the breath
(MM+SB),
(d) sitting quietly
(SQ)
6 weekly one-onone sessions
with 20 minutes
of daily home
practice

(a) autonomic
nervous system
(hyper arousal
symptoms, heart
rate [HR], and
heart rate
variability [HRV]);
(b) frontal cortex
activity (attentional
network task [ANT]
conﬂict effect and
event-related
negativity and
intrusive thoughts);
and (c)
hypothalamic–
pituitary–adrenal
axis (awakening
cortisol) (d) PTSD
measures were
also evaluated.

Meditation participants had
signiﬁcant but modest within-group
improvement in PTSD and related
symptoms, although there were no
effects between groups. Perceived
impression of PTSD symptom
improvement was greater in the
meditation arms compared with
controls. Resting respiration
decreased in the meditation arms
compared with SQ. For the
mechanistic pathways, (a)
subjective hyper arousal symptoms
improved within-group (but not
between groups) for MM, MM+SB,
and SQ, while HR and HRV did
not; (b) intrusive thoughts
decreased in MM compared with
MM+SB and SB, while the ANT
measures did not change; and (c)
MM had lower awakening cortisol
within-group (but not between
groups).

Treatment
effects were
mostly
speciﬁc to
self-report
rather than
physiological
measures.
Continued
research is
needed to
further
evaluate
mindfulness
meditation’s
mechanism
in people with
PTSD

S
.
N
o
.

Title of the
study
(Journal,
Year)

Authors

Resear
ch
Design

Sampl
e Size
(n)

Interv
ention

Variable
s
assesse
d

Results

Conclusion

7

Heart Rate
Variability
and
Treatment
Outcome in
Major
Depression:
A Pilot Study
(Internationa
l journal of
psychophysi
ology, 2014)

Felipe A
Jain, Ian A
Cook,
Andrew F
Leuchter,
Aimee M
Hunter,
Dmitry M
Davydov,
Cristina
Ottaviani,
Molly
Tartter,
Caroline
Crump and
David
Shapiro

Retros
pective
study
design

n= 42
(Iyenge
r yoga
= 12,
Escital
opram
group=
26)

Iyeng
er
yoga
and
Escital
opram

Heart
Rate
Variabilit
y (HRV)

Lower relative power
of very low frequency
(rVLF) HRV at
baseline predicted
improvement in
depressive symptoms
when adjusted for age
and gender (R2 > 0.43
and p<0.05 for both
trials). Although vagal
parasympathetic
measures were
correlated with
antidepressant
treatment outcome,
their predictive power
was not significant after
adjusting for age and
gender.

Baseline resting rVLF was
associated with depression
treatment outcome in two
independent MDD
treatment studies. These
results should be
interpreted with caution
due to limited sample size,
but a strength of this study
is its validation of the rVLF
predictor in an independent
sample. rVLF merits
prospective confirmation as
a candidate biomarker.
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Post
traumatic
stress
symptoms
and heart
rate
variability in
Bihar flood
survivors
following
yoga: a
randomized
controlled
study (BMC
Psychiatry,
2010)

Shirley
Telles,
Nilkam
al
Singh,
Meesh
a Joshi
and
Achary
a
Balkris
hna

Rando
mized
controll
ed Trial

n=22,
volunte
ers
(group
average
age ±
S.D,
31.5 ±
7.5
years,
all
males)

Yoga and a
non-yoga
wait-list
control
group.
(Yoga group
practiced
yoga for an
hour daily
while the
control
group
continued
with their
routine
activities)

Heart rate
variability, breath
rate, and four
symptoms of
emotional distress
using visual analog
scales, were
assessed on the
first and eighth day
of the program.

There was a
significant decrease
in sadness in the
yoga group (p <
0.05, paired t-test,
post data compared
to pre) and an
increase in anxiety
in the control group
(p < 0.05, paired ttest, post data
compared to pre).
No change in the
heart rate
variability was
reported.

A week of yoga
can reduce
feelings of
sadness and
possibly
prevent an
increase in
anxiety in flood
survivors a
month after the
calamity.
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Yoga as a
Complement
ary
Treatment of
Depression:
Effects of
Traits and
Moods on
Treatment
Outcome
(EvidenceBased
Complement
ary and
Alternative
Medicine,
2007)

David
Shapir
o , Ian
A.
Cook,
Dmitry
M.
Davydo
v,
Cristina
Ottavia
ni,
Andrew
F.
Leucht
er, and
Michell
e
Abram
s

Singl
e
group
outco
me
desig
n

n = 37
(27F:1
0M)

8-week period,
a total of 20
sessions, three
sessions a
week, 60-90
minutes per
session of
Iyengar yoga

Psychological Measures:
HAM-D, QIDS, SCL, Spielberger
Anger Expression Scale
providing indices of Anger In
(suppression of anger,
ANGIN) and Anger Out
(expression of anger, ANGOUT),
Spielberger Trait Anxiety
Inventory (STAI),
Cook–Medley Hostility Scale
(indirect hostility), Pittsburgh
Sleep Scale (SLEEP), and SF-36
short-form health survey.

17 completers
showed significant
reductions were
shown for
depression, anger,
anxiety, neurotic
symptoms and low
frequency (LF)
heart rate
variability. Eleven
out of these
completers achieved
remission levels
post-intervention (<7
on HAM-D). Moods
improved from
before to after the
yoga classes.

Yoga appears to
be a promising
intervention for
depression; it is
cost-effective and
easy to implement.
It produces many
beneficial
emotional,
psychological and
biological effects,

Physiological Measures:
Blood pressure (BP), heart rate
(HR), derived indices of heart
rate variability (HRV), baroreflex
sensitivity (BRS)

Possible Mechanisms

Hypothesized pathways by which Yoga
intervention may enhance cardiovascular risk
profiles

Innes, Bourguignon, & Taylor, 2005

Breath Control and ANS
• Deep pranayamic breathing, by voluntary control, dynamically
modulates ANS by heightening generation of two physiologic
signals:
1) ↑frequency and duration of inhibitory neural impulses by
activating stretch receptors of the lungs during above tidal volume
inhalation;
2) Heightens generation of hyperpolarization current by stretch of
connective tissue (fibroblasts) localized around the lungs. (Jerath,
Edry, Barnes, & Jerath, 2006)

Slow pranayamic
breathing

Stretch of connective
tissues (fibroblasts )
surrounding lungs

Activation of slowly adapting
stretch receptors (SARs)

Generation of
inhibitory impulses in
neural tissue

Inhibitory impulses
in neural tissue
synchronize tissue

The general cellular
mechanism of
Pranayama

Generation of
hyperpolarization
current

Synchronization of
neural tissue
including
hypothalamus and
brainstem

Decreased action
potentials in
neural tissue

Resting membrane
potential polarity
increases in
surrounding tissue
decreasing metabolic
activity

Increased
Parasympathetic
dominance

Decreased BP,
heart rate,
O2 Consumption

(Jerath, Edry, Barnes, & Jerath, 2006)

• Inhibitory impulses, produced by slowly adapting receptors
(SARs) in the lungs during inflation, (Matsumoto et al., 2000) play a role in
controlling autonomic functions such as breathing pattern, airway
smooth muscle tone, systemic vascular resistance and HR; (Schelegle
& Green, 2001)

• Stretch of connective tissue (fibroblasts) are capable of effecting
the membrane potential of nervous tissue; (Kamkin, Kiseleva, Lozinsky, &
Scholz, 2005)

• Both hyperpolarization and inhibitory impulses generated by
stretch of neural and non-neural tissue of the lungs are the likely
agents of autonomic shift during pranayamic breathing. (Jerath, Edry,
Barnes, & Jerath, 2006)

The Neurophysiologic Model for the Effects of
Yoga breathing
(Streeter, Gerbarg, Saper, Ciraulo, & Brown, 2012)
• Stretch receptors in alveoli, baroreceptors, chemoreceptors, and sensors in
respiratory structures send information about state and activity of respiratory
system through vagal afferents and brainstem relay stations to other CNS
structures where they influence perception, cognition, emotion regulation,
somatic expression, and behaviour;
• Specific selected breathing patterns can be used to send messages through
PNS, SNS and interoceptive systems to affect how the brain perceives,
interprets, and responds to stress or threat;
• Therefore, signals from vagal afferents carrying information about changes in
the rate, depth, or pattern of breathing receive highest priority and have rapid,
widespread effects on brain functions.

Nasal stimulation and ANS
• Studies on animal model, as well as on specific Pranayama
techniques suggest that nasal breathing modulates both
autonomic system and brain activity through receptors located in
superior nasal meatus are sensitive to both mechanical and
chemical stimuli; (Wrobel and Leopold, 2005; Buonviso et al., 2006; Kepecs et al.,
2006)

• Early studies (on animal model and humans) found a direct
relationship between nasal stimulation and brain activity,
independent from thoracic respiratory activity; (Adrian, 1942; Hobson,
1967; Servít & Strejckovà, 1976; Servit & Strejckovà, 1979; Kristof et al., 1981; Servít et al.,
1981; Sobel et al., 1998)

• Recent studies demonstrated presence of significant oscillations at same
frequency of respiratory rate in a number of brain cortical and subcortical
areas, which disappeared after tracheotomy,
• These were restored, independently from thoracic respiration, by the
rhythmic delivery of air-puffs into nasal cavity;
• Areas included olfactory bulb, piriform cortex, somatosensory cortex,
prefrontal cortex, and hippocampus; (Fontanini et al., 2003; Ito et al., 2014; Viczko et al., 2014;
Yanovsky et al., 2014; Lockmann et al., 2016; Nguyen Chi et al., 2016; Biskamp et al., 2017; Liu et al., 2017;
Wu et al., 2017; Zhong et al., 2017).

• Modulating effect of nostril breathing on activity of piriform cortex, amygdala
and hippocampus has been unambiguously demonstrated in humans; (Zelano
et al., 2016)

• Nasal stimulation represents the fundamental link between breathing
techniques, brain and autonomic activities and psychological/behavioural
outputs. (Zaccaro et al, 2018)

Summary
• HRV controlled by the ANS is sequence of time interval between two heart
beats and considered to be an index of a healthy heart function;
• Low HRV considered as marker of disease, which helps in evaluation of
sympatho-vagal balance in a non-invasive way, using ECG;
• Quantified and measured using time and frequency domain measures;
• Modulated using various therapeutic techniques like HRVB, CBT, TMS, diet,
lifestyle, physical exercise and yoga therapy;
• Enhancement of vagal tone within cardiovascular system is reflected by the
increase of HRV;
• Yogic practices promote dominance of parasympathetic autonomic system and
are considered to be useful in improving HRV in Psychiatric disorders;
• Future studies are recommended with larger sample sizes, better research
designs (RCT’s), higher frequency and longer intervention periods.
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