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Introduction
Hatha yoga is a generic term for the practice 
of the physical yoga postures, (asanas), 
breathing techniques (pranayama), and 
meditation (dhyana) intended to improve 
health by balancing strength, breath, and 
flexibility.[1] The physical postures of yoga 
have evolved into many different styles and 
levels of exertion ranging from a focus on 
body alignment,[2] to rigorous forms that 
combine several postures in a dynamic 
series.[3] Yoga may provide overall and 
specific benefits that lower cardiac risk 
factors for cardiovascular disease and 
metabolic syndrome.[4,5] Currently, hundreds 
of medical centers in the United States offer 
yoga classes to their community members 
and patients with heart disease.[6] Medical 
reasons for yoga’s widespread appeal may 
include its adaptability to a wide range of 
physical fitness levels, lower physiological 
stress reactivity,[7] and its association with 
weight loss.[8,9]

The treatment and survival of heart disease 
patients have been improving due to 
advancements in the medical specialty of 
cardiology, according to a recent report 
from the American Heart Association.[10] 
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Background: Complementary and alternative medicine is a rapidly growing area of biomedical 
inquiry. Yoga has emerged in the forefront of holistic medical care due to its long history of linking 
physical, mental, and spiritual well‑being. Research in yoga therapy (YT) has associated improved 
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Aim: The aim of this study is to review yoga intervention studies on HF patients, discuss proposed 
mechanisms, and examine yoga’s effect on physiological systems that have potential benefits for 
HF patients. Second, to recommend future research directions to find the most effective delivery 
methods of yoga to medically stable HF patients. Methods: The authors conducted a systematic 
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This positive outcome has led to significant 
increases in the number of patients who 
survive and live with heart failure (HF). 
Regarding HF and exercise, patients 
are encouraged to engage in exercise 
within the limits of their disease, which 
is a recent change in management. The 
large and increasing incidence of HF[11] 
leads to the investigation of yoga as an 
adjunct therapy.[12] Current therapies fail 
to reverse exercise intolerance, fatigue, 
and other well‑known symptoms of HF, 
thus encouraging the investigation of a 
systems biology or integrative medicine 
approach involving either mind and body 
methodologies or alternative therapies for 
HF management.[13] In addition, yoga as 
a treatment modality for the HF patient 
may lead to a decrease in symptoms and 
improved quality of life (QoL) because 
of gains in muscle strength, improved 
endurance, flexibility, and decreased 
anxiety.

The effects of yoga for HF patients are just 
beginning to emerge in randomized clinical 
trials (RCTs). Initial findings include 
a reduction of inflammatory markers, 
blood pressure, pain, and a decrease in 
implantable cardioverter defibrillator firings. 
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Moving forward, linking ancient therapeutic practices 
with medical device platforms using smart and connected 
technologies has the potential to advance yoga therapies 
toward hard‑to‑reach populations, aimed at reducing health 
disparities and improving QoL in the treatment of HF 
patients.

Therefore, we intend to review relevant yoga research 
interventions, discuss proposed mechanisms, and examine 
yoga’s effect on physiological systems that have potential 
benefits for HF patients (e.g. pulmonary, vascular, and 
inflammatory) and recommend future research directions.

Methods
The authors conducted a systematic review of the 
medical literature. The initial search was conducted 
utilizing PubMed databases online, according to the 
PRISMA 2009 checklist for systematic reviews.[14] Search 
terms were, HF and Yoga (n = 17), Peripheral Stretch 
Mechanisms (n = 171), and Yoga Cardiovascular (n = 248). 
All studies were screened for randomization and topic 
relevance, leaving five studies that met the criteria of an 
RCT of yoga, conducted with HF patients as subjects. 
We also included studies on yoga’s cardiovascular and 
metabolic requirements and stretch theory. The search 
included research after 1995, up to September 2016.

Metabolic demand of yoga and heart failure

Kinesiologists measure energy expenditure utilizing 
stationary [Figure 1] and portable metabolic systems.[19] 
Studies of yoga have highlighted the wide range of metabolic 
energy expenditure found across the many styles of yoga. 
It is critical to consider the energy requirements of any 
activity before making recommendations to deconditioned 
HF patients. We found no research in the database that 
examined the metabolic cost of Hatha yoga postures with 
cardiac or HF patients as subjects.

Few studies have measured the energy cost of yoga in 
healthy adults, utilizing a variety of protocols. The first 
published investigation found, compared the metabolic 
equivalents (METs) of a 32‑min Hatha yoga routine to a 
32‑min treadmill walk at 4.0 mph.[15] Ten subjects 38–47 years 
of age, achieved an energy expenditure of 4.1 METs for a 
yoga routine, compared with 5.4 METs required for treadmill 
walking. A similar study[16] measured the oxygen requirements 
of a more dynamic yoga sequence (Ashtanga Vinyasa style) 
and reported a metabolic demand of 6.7 METs. They also 
found a poor correlation (r = 0.05) between heart rate (HR) 
response during yoga its relationship to oxygen consumption 
based on a maximal treadmill test. The authors suggest 
that the nonlinear relationship is due to the anaerobic and 
isometric muscle action components of yoga.

Clearly, metabolic requirements of yoga vary considerably 
based on the various forms of yoga practiced and the 
fitness level of the practitioner. This metabolic variation 

led to the question of the safety of yoga for the HF 
patient and further investigation of the literature. Table 1 
presents the MET requirements of a variety of yoga styles 
conducted on healthy practitioners found in the scientific 
literature.[17‑20] No studies were found that measured the 
metabolic intensity of yoga on HF patients directly, making 
recommendations unfounded from a scientific perspective. 
However, it is prudent to recommend that the less vigorous 
styles of yoga are of reasonable intensity for the HF patient 
who would participate in a yoga therapy (YT) program.

Randomized controlled trials of YT and relaxation training 
in hypertensive individuals and cardiac patients have 
demonstrated significant reductions of systolic and diastolic 
blood pressure.[4,21] In a recent meta‑analysis of studies on 
yoga’s effect on hypertension,[22] yoga was associated with 
significant reductions in blood pressure (≈4 mmHg, systolic 
and diastolic). Their subgroup analyses demonstrated greater 
reductions in blood pressure (≈8 mmHg, systolic; ≈6 mmHg, 
diastolic) for interventions that incorporated all of the 
basic elements of a yoga practice (postures, meditation, 
and breathing). The differences between the physiological 
effects of yoga and standard exercise, however, were not 
significant. This raises the question: what are the differences 
between yoga and aerobic exercise and what are their effects 
on the downregulation of the hypothalamic–pituitary axis 
and the sympathetic nervous system.[23,24] To optimize the 
effects of exercise on endothelial function and peak oxygen 
consumption, aerobic interval training may yield greater 
benefits than moderate continuous aerobic exercise.[25] The 
exploration of exactly which combination and type of yoga 
protocol will yield the greatest benefits to HF patients 
remains. The future investigation could determine the most 
efficacious exercise prescription that combines yoga and 
traditional exercise dosing for HF patients.[26]

Mechanisms of yoga

Scientific analysis of the mechanisms of yoga and its effects 
on physiological systems are beginning to emerging in the 

Figure 1: Measurement of metabolic consumption during a yoga posture
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medical literature. In‑depth yoga review studies examine 
the role of yoga on health.[27,28] Innes et al.[28] pooled 
70 studies that met specific inclusion criteria between 
1970 and 2004. These studies were concerned with the role 
of yoga and the reduction of insulin resistance, metabolic 
syndrome, and cardiovascular diseases. One mechanism 
of yoga hypothesized to improve the cardiovascular risk 
profile is that the physical postures or breathing exercises 
exert a massaging effect that stimulates the vagal nerve.

The underlying physiology by which the practice of YT 
can improve cardiovascular disease‑related outcomes may 
involve parasympathetic activation and extracellular factor 
release stimulation as in Figure 2. It is undetermined if 
newly synthesized or dislodged adhering factors released 
from the stretch or mechanical conditioning cause the 
observed measurement outcomes. Yoga effects could stem 
from three mechanisms: vagal nerve stimulation, reduction 
in perceived stress, and musculoskeletal stimulation. By 
massaging the vagal nerve directly, yoga may promote 
parasympathetic activation thus leading to decreased HR, 
blood pressure, improved HR variability (HRV), and 
similar metabolic and psychological benefits resulting in 
an improved outcome. Yoga has also been associated with 
decreased levels of depression,[29] improved quality and 
quantity of sleep,[30] improved metabolic syndrome risk,[31] 
and weight reduction in the form of reduced visceral fat.[8,32]

The third mechanism for yoga’s physiologic effects, 
labeled as musculoskeletal massage in Figure 2, was 
examined for a mechanical effect of stretching on 
inflammation‑regulating molecules within affected 
connective tissue.[33] Stretch‑induced molecules identified 
as inflammation pro‑resolving mediators in a rodent model 
were reported.[34] Recently, circulating muscle‑specific 
miRNAs increased in blood samples obtained following 
prolonged aerobic exercise in humans,[35] and after 
stretching in animal models.[34] A growing body of evidence 
demonstrates that exosomes can act as intercellular 
communication packets carrying factors such as receptors, 
transmembrane proteins, kinases, mRNA, miRNA, long 
noncoding RNA, DNA, and lipids.[36]

Collectively, these anthropometric, psychological, and 
metabolic changes may lead to improved coagulation 
and inflammatory profiles. Yoga, therefore, may promote 
increased fibrinolysis, decreased free‑radical production, 

decreased oxidative stress, and improved endothelial 
function.[37] Understanding that atherosclerosis is an 
inflammatory process and cardiovascular events are in 
part dependent on endothelial function, the literature 
supports that yoga can reduce progression while improving 
management and clinical endpoints of atherosclerosis, 
hypertension, cardiovascular disease, and risk factor 
reduction.[38,39]

Brachial artery reactivity improved after a 6‑week yoga 
pilot study on patients with coronary artery disease (CAD) 
or at high risk for CAD.[40] Impaired endothelial function is 
one of the mechanisms related to an increased risk of MI. 
Interestingly, the yoga intervention significantly improved 
brachial artery reactivity in the participants that had 
known CAD and had little association with the high‑risk 
group. Santos et al.[41] studied the underlying mechanisms 
of blunted vasodilatation in HF patients and concluded 
that sympathetic activation modulated the blunted muscle 
endothelium‑mediated vasodilatation during mental stress. 
The combination of the previous two studies, with the 
inclusion of yoga treatment, could further elucidate the role 
of yoga on sympathetic downregulation mechanisms.

Additional physiological mechanisms of yoga that have 
been the subject of scientific inquiry are improvement in 
baroreflex sensitivity,[42] increased HRV,[43] and decreased 
catecholamine response to hypoxia and hypercapnia.[44] 
Krishna et al. reported that a 12‑week yoga intervention 
significantly improved parasympathetic activity, decreased 

Figure 2: Yoga intervention may lower cardiovascular risk by acting through 
physiologic pathways of activation and stimulation. Yoga effects nerve 
stimulation, stress reactivity, musculoskeletal, and hormonal systems

Table 1: Metabolic equivalents for yoga (original)
Investigation Study design/n Yoga style Average METs Outcomes
DiCarlo et al.[15] 1995 Comparison trial (n=10) Hatha yoga 4.1 TM walk at 4.0 mph=5.4 METs
Carroll et al.[16] 2003 Observational trial (n=13) Ashtanga Vinyasa 6.7 HR for Yoga~50% of VO2max

Hagins et al.[17] 2007 Observational trial (n=20) Hatha yoga 2.5 METs requirement similar to TM walk at 3.2 mph
Ray et al.[18] 2011 Observational trial (n=6) Hatha yoga 2.3 Yoga may help maintain physical fitness
Pullen et al.[19] 2015 Observational (n=6) Hatha yoga 1.9 Metabolic estimation for exergame development
Clay et al.[20] 2005 Comparison trial (n=26) Hatha yoga 2.2 Hatha style too light for C‑V training effect
HR=Heart rate, TM=Treadmill, VO2 max=Maximal oxygen consumption, METs: Metabolic equivalents
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sympathetic stimulation, and reduced N‑terminal pro‑B‑type 
natriuretic peptide in New York Heart Association Class I 
and II HF patients in conjunction with standard medical 
therapy.[45,46] Tyagi et al.[5] concluded that yoga practitioners 
have greater metabolic variability compared to nonyoga 
practitioners and metabolic syndrome patients, due to 
reduced oxygen requirements during resting conditions and 
more rapid poststress recovery.

Yoga research with heart failure patients

Yoga as a therapeutic alternative or adjunct to traditional 
exercise programs is not included in the recommendations 
of highly respected organizations that publish management 
guidelines for HF patients. For example, the 2013 Canadian 
Cardiovascular Society HF Management Guidelines Update 
is silent in this area.[47] Currently, all stable HF patients are 
candidates for cardiac rehabilitation programs to improve 
exercise tolerance and QoL.[48‑50] This represents a relatively 
recent development in cardiac care based on the positive 
results of the HF‑ACTION study. Medicare now supports 
cardiac rehabilitation coverage for HF patients.[51] There are 
no multicenter clinical trials to study the best practices of 
YT for HF at present.

Our group[52,53] examined the effect of yoga on stable HF 
outpatients randomized to either yoga treatment or to 
standard medical care. These studies consisted of 60‑min, 
bi‑weekly yoga classes led by a qualified yoga instructor at 
a hospital‑based Vascular Research Laboratory. At a hospital 
that served predominantly indigent patients, researchers 
utilized a pre‑post‑test format over an 8‑week trial period. 
The measurements included the HF patients’ exercise 
capacity, QoL, flexibility, and inflammatory biomarkers. 
Significant improvement of all biomarkers (interleukin‑6, 
C‑reactive protein, and extracellular superoxide dismutase) 
and functional capacity occurred in the yoga group after 
8‑week of yoga training as compared to the control group.

Kubo et al.[54] conducted a feasibility study to examine 
recruitment, retention, adherence, QoL, depression, and 
body weight for a multiethnic population of HF patients 
who attended supervised yoga sessions twice a week for 

8 weeks. Significant reduction in weight and severity of 
depression was found. They concluded that HF patients can 
incorporate yoga into their lives and that it may help with 
disease management and symptoms.

More recently, randomized control studies (RCT) have 
been published that examined a variety of cardiac, 
pulmonary function, and QoL parameters with yoga and 
HF patients as subjects.[45,46,51,52,55] Yadav et al.[55] conducted 
a 3‑month RCT of yoga postures, breathing, and relaxation 
exercises. Forced vital capacity increased 24%, from 1.6 to 
2.1 for the yoga group. Systolic blood pressure decreased 
11%, from 143 to 127 mmHg. Both measurements from 
pre‑ to post‑test were statistically significant improvements 
for the yoga participants. Recently, a randomized trial 
by Hassanpour Dehkordi and Khaledi Far[56] utilized 
echocardiography to measure left ventricular diameter 
and ejection fraction in HF patients before and after 
24 weeks of aerobic exercise training. They reported a 
significant improvement in left ventricular diameter and 
ejection fraction in the experimental group in comparison 
to the control group at the end of the experimental period. 
A similar design using a yoga intervention to determine 
how yoga effects left ventricular diameter and ejection 
fraction. Table 2 summarizes the studies that have published 
RCT of yoga and several physiological variables that have 
improved significantly in HF patients.

Exercise adherence

For any exercise program to be beneficial, patients must 
participate and comply with the program. Corvera‑Tindel 
et al.[57] examined factors influencing noncompliance in 
a 12‑week home walking program. They found higher 
comorbidities, longer duration of HF, lower hostility, and 
lower BMI were predictive of noncompliance. They also 
concluded that noncompliant HF patients might benefit 
from individualized exercise prescriptions.

The logistics and practical aspects of attending a formal 
cardiac rehabilitation program prevent many patients 
from complying with a physician’s recommendation or 
referral to attend a hospital‑based cardiac rehabilitation 

Table 2: Yoga studies with heart failure patients as subjects (original)
Investigation Design and groups Measured outcomes for experimental versus medical care
Pullen et al.[52] 2008 RCT: YG=9 CG=10 MVO2Peak, TMT, IL‑6, CRP, EC‑SOD, MLHFQ scores increased 26%
Pullen et al.[53] 2010 RCT: YG=21 CG=19 VO2Peak, TMT, IL‑6, CRP, EC‑SOD, Sit and reach‑ flexibility*, MLHFQ
Kubo et al.[54] 2011 UIT‑ Pilot study: YG=16 Retention (93%), adherence (50%), body weight*, D‑ARK, KCCQ (P=0.08)
Krishna et al.[45] 2014 RCT: YG=44 CG=48 Blood pressure*, HR, HRV, rate pressure product*
Krishna et al.[46] 2014 RCT: YG=44 CG=48 LVEF, myocardial performance index*, NT pro‑BNP
Yadav et al.[55] 2015 RCT: YG=40 CG=40 SVC, FVC, FEV1%, PEFR, MVV, DLCO, HR, SBP, DBP
RCT=Randomized controlled trial, YG=Yoga group, CG=Control group, UIT=Uncontrolled intervention trial, VO2Peak=Oxygen consumption at peak 
exercise, (*P<0.05), MLHFQ=Minnesota living with heart failure questionnaire, KCCQ=Kansas city cardiomyopathy questionnaire, TMT=Treadmill 
time, D‑ARK=Depression‑Arkansas scale, LVEF=Left ventricular ejection fraction, BNP=B‑type natriuretic peptide, NT pro‑BNP=N‑terminal pro‑BNP, 
SVC=Slow vital capacity, FEV1=Forced expiratory volume, PEFR=Peak expiratory flow rate, MVV=Maximum voluntary ventilation, HR=Heart 
rate, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, FVC=Forced vital capacity, CRP=C‑reactive protein, EC‑SOD=Extracellular 
superoxide dismutase, HRV=Heart rate variability, IL: Interleukin, DLCO=Diffusion factor of the lung for carbon monoxide
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program. Financial, social, and family issues are 
among some of the obstacles to attending cardiac 
rehabilitation. Cooper et al.[58] examined cardiac 
rehabilitation attendance and patients’ beliefs toward 
attending cardiac rehabilitation programs. Patient beliefs 
accounted for 65% of the variance found. Four barriers 
differed significantly between attendees and nonattenders 
identified as, perceived necessity, exercise concerns, 
practical barriers, and personal suitability. In a similar 
study, interviews of postmyocardial infarction patients 
were thematically analyzed, which led to discovering 
that the determinants of cardiac rehabilitation relevance 
and adherence were influenced by financial, family, and 
social situations regardless of the encouragement they 
received toward attending the program. The researchers 
concluded that it would be unrealistic to anticipate 
100% attendance in any cardiac rehabilitation program. 
A large segment of the HF patient population will not 
be able to attend a hospital‑based cardiac rehabilitation 
program. A home‑based alternative seems reasonable if a 
qualified health‑care professional prescribes the exercise 
plan. Follow‑up visits to the office or limited cardiac 
rehabilitation visits for adjustments and feedback would 
help reinforce adherence.

Home‑based walking programs are reasonably safe for 
HF patients and facilitate adherence.[59] The number of 
steps walked at home, measured by pedometers worn 
by HF patients (n = 84), were found to predict survival 
better than a laboratory‑based exercise test.[60] This study 
examined the relationship between daily activity levels 
and long‑term prognosis. Pedometer‑measured steps have 
also predicted exercise adherence and mortality in HF 
patients.[61] The use of pedometers to study the activity level 
and exercise capability of HF patients, initially reported 
by Cowley et al.[62] correlated poorly with treadmill stress 
test performance. The second study found that cardiac 
output (CO) correlated significantly (P < 0.001) with 
customary activity as assessed by the number of daily 
steps.[63] Conversely, the relationship between treadmill 
stress test performance and CO was poor (P = 0.245). 
The authors concluded that CO is a reliable index for 
determining patients’ exercise capacity when walking 
speed is self‑directed, but not when undergoing laboratory 
treadmill tests.

The HEART camp trial protocol attempted to determine 
the efficacy of a behavioral exercise training intervention 
on long‑term adherence to exercise in patients with 
HF.[64] Considering the previous studies, the addition 
of behavioral techniques, pedometers, and cell phone 
apps are worthy of further study and may prove to 
increase engagement and adherence of yoga and walking 
activities at home. Recent publications report on novel 
interventions that explore new ways to deliver yoga 
guidance in home settings, for example, tele‑yoga and 
exergames.[65,66]

Practical recommendations for heart failure patients

Recommendations for clinicians who treat HF patients 
based on the author’s experience with cardiac patients; and 
research with yoga, HF patients and cardiac rehabilitation. 
Once an HF patient is medically stable, beginner Hatha, or 
Iyengar style yoga classes are reasonable to recommend. 
Caution HF patients to avoid rigorous or continuous flow 
styles of yoga, yoga classes conducted in a heated room 
and to avoid breath‑holding. A hallmark condition of 
HF patients is peripheral muscle atrophy with impaired 
regulation of autonomic functions that may interfere with 
body temperature regulation.[67] Most yoga postures are 
modifiable to various levels of strength, balance, and 
endurance. For example, balance postures performed next 
to a wall, chairs used for support and seated postures for 
patients that have difficulty getting up and down from the 
floor. Yoga props can extend one’s reach during a yoga 
session. In our study, inversion postures were avoided, 
except the legs up the wall posture. Hemodynamic tolerance 
was monitored by obtaining HR and blood pressure while 
patients were in the pose (see the Yoga 4 Heart asana 
sequence for specific yoga postures and modifications 
utilized).[68] At present, clinical history, individual 
assessment, exercise capacity, and clinical experience are 
the best tools for guiding HF patients in yoga.

Mindfulness in yoga therapy

As mentioned in the introduction, the component of yoga 
called mindfulness or meditation is important to consider 
for its impact on YT outcomes. Meditative practices may 
involve focused attention where the practitioner directs 
consciousness on breathing, an object, or word phrase 
known as a mantra. This focus of attention can also 
involve greater awareness of thoughts and sensations 
known as mindfulness meditation.[69] Others have 
explored the rationale and physiology of meditation to 
exert a positive influence on the cardiovascular system. 
Described as a wakeful hypometabolic state,[70] meditation 
can exert significant influence on autonomic tone with 
parasympathetic activation.[71] The autonomic nervous 
system is a principal component of the mind–heart 
connection and is a fundamental link between thoughts 
and emotions and the heart.[72] The Support Education and 
Research in Chronic Heart Failure Study trial demonstrated 
promise for the role of mindfulness therapy in the treatment 
of HF.[73] The treatment group had significantly improved 
HF symptoms at 1 year compared to the control group. 
The treatment group also had significantly lower levels 
of anxiety and depression; an effect that was attenuated at 
1 year. More recently, transcendental meditation was found 
to decrease mortality, myocardial infarction, or stroke in 
African‑American patients with coronary heart disease.[74] 
Although the results appear promising, analysis of these 
studies, raise the importance of mindfulness in therapeutic 
outcomes for HF patients. A limitation of this and many 
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controlled studies on meditation is the potential effect of 
placebo, as no validated “sham meditation technique” 
exists.

Conclusions
Cardiac patients are encouraged to exercise and stay 
active for multiple benefits, including improvement of 
inflammatory markers and vascular reactivity. HF patients 
typically have comorbidities that prevent them from 
participating in traditional exercise programs and require 
individualized exercise prescription. The metabolic demand 
of yoga is flexible, ranging from chair based to continuous 
flow. Options for the delivery of yoga to HF patients 
may range from participation in a cardiac rehabilitation 
facility or a supervised home‑based program using smart 
and connected technology, encouraging a sense of mastery 
and connection. Published research to date supports that 
yoga is a safe and effective addition to the management of 
HF patients and their QoL. The effects of yoga, either in 
conjunction with or as an alternative to traditional exercise 
management requires further investigation. We recommend 
multicenter, long‑term studies designed to specify the type, 
amount and delivery of yoga to maximize the benefits and 
substantiate recommendations.

Smart and connected technologies to augment yoga‑based 
therapeutic intervention for clinic or home settings could 
benefit hard‑to‑reach populations. Efforts using 3D room 
sensors such as Microsoft Kinect for qualitative analysis 
of yoga and Tai Chi postures[19] could lead to wide‑scale 
adoption through inexpensive channels. These low‑cost 
hardware/software smartphones or gaming platforms 
could assess therapeutic outcomes such as compliance to 
ideal postures, respiration, or energy expenditure. These 
applications can engage multiple participants for motivation 
and adherence.
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