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Background Chronic heart failure (CHF) is a prevalent cardiovascular condition that can
significantly impact the quality of life and increase mortality risk. Yoga is a mind-body
therapy that has been studied as a potential complementary treatment for CHF. However,
the effectiveness of yoga in improving outcomes in patients with CHF remains uncertain.
Methods We conducted a systematic review of randomized controlled trials (RCTs)
evaluating the effects of yoga on outcomes in patients with CHF. We searched the
PubMed, Embase, Scopus, Cochrane Library, and IndMED databases from inception to
March 2023. The outcomes of interest were left ventricular ejection fraction (LVEF),
cardiac biomarkers, exercise capacity, quality of life, and cardiac function.

Results We identified 11 RCTs that met our inclusion criteria, involving a total of 552
participants. The meta-analysis showed that yoga was associated with significant
improvements in peak VO, (mean difference [MD]= 3.29; 95% Confidence Interval
[Cl]: 1.64 to 4.94; 1> = 0%), exercise capacity (MD=101.54; 95% Cl: 6.24 to 196.83; I° =
96%), quality of life (MD=-19.99; 95% Cl: -25.76 to -14.22; I>=43%), NT-proBNP
(MD =-288.78; 95% Cl: -492.20 to -85.37; I°=94%), and 6-minute walk test (MD
=101.54; 95% Cl: 6.24-196.83; I> = 96%), but not in the left ventricular ejection fraction
(MD =4.28;95% Cl: =1.14 t0 9.70; I> = 93%). Subgroup analysis suggested that the effect
of yoga on the quality of life is more pronounced in patients with the “New York Heart
Association” (NYHA) class | and II CHF patients and in those who practiced yoga for longer
durations. No serious adverse events related to yoga were reported. Most of the included
studies were of “low” quality.

Conclusion Current evidence suggests that yoga may be an effective complementary
and integrative therapy for improving peak VO, exercise capacity, NT-proBNP, and
quality of life in patients with CHF. However, the low-quality evidence does not render
us to conclude anything beyond doubt or draw any firm clinical recommendation.
Future high-quality studies are needed to explore the optimal duration and frequency
of yoga practice and its effects on long-term outcomes in this population.
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Introduction

According to the American Heart Association/American Col-
lege of Cardiology guidelines, heart failure (HF) is defined as
“a complex clinical syndrome that can result from any
structural or functional cardiac disorder that impairs the
ability of the ventricle to fill or eject blood.”" HF is a global
epidemic that affects an estimated 23 million people and the
leading cause of substantial numbers of morbidity, hospital-
izations, mortality, and health care costs, worldwide.?>
Infectious illnesses and/or dietary deficiencies are no longer
the primary causes of death and morbidity in Asian nations,
but rather diseases linked to a sedentary lifestyle, such as
cardiovascular disease (CVD).2 According to disease-specific
estimates of HF prevalence and incidence rates, the preva-
lence of HF in India ranges from 1.3 to 4.6 million, with an
annual incidence of 491,600 to 1.8 million due to coronary
artery diseases, hypertension, obesity, diabetes, and rheu-
matic heart diseases.* Reduced physical function, increased
dyspnea, and weariness are all signs of HF. The quality of life
(QoL) s also reduced in HF patients.” Despite recent advance-
ments in pharmacologic and device treatment, cardiovascu-
lar morbidity and death remain high.® Likewise, consistent
use of conventional medication can lead to various adverse
effects. Hence, there is a need for an alternative, nonphar-
macologic approach like yoga that may improve physical and
psychological function.

Yoga is a mind-body practice that incorporates physical
postures, breathing methods, and meditation to promote
relaxation, stress reduction, and general health and well-
being. It grew and evolved as a dynamic way of life and
spiritual practice in India.* While the benefits of yoga have
been studied in a variety of populations and conditions, its
effects on chronic HF remain unclear. However, yoga has
gained immense popularity and is considered beneficial in
cardiac rehabilitation.”® HF is associated with altered auto-
nomic function, resulting in markedly elevated sympathetic
activity and blood pressure.* Yoga has recently gained pop-
ularity as a practice in Western culture. Yoga includes
breathing exercises, relaxation techniques, and meditation
in addition to physical activities. By increasing baroreflex
sensitivity and heart rate variability (HRV), lower breathing
rate can boost vagal activation and lessen the effect of the
sympathetic branch of the autonomous nervous system.
Blood pressure and heart rate may drop as vagal involvement
increases. Increased systolic stroke volume and enhanced
left ventricular ejection fraction (LVEF) may result from load
reduction.’

Various systematic reviews are available on yoga for CVD
risk factors,'® heart disease in general,11 secondary preven-
tion,'? and hypertension.'>~'> Although an increasing num-
ber of studies have been published in the past few years,
there is only one systematic review and meta-analysis'®
performed to evaluate the effect of yoga in patients with
HF. The review, published in 2014, included two randomized
controlled trials (RCTs) and primarily measured peak VO,
and health-related QoL (HRQoL). It indicates a lack of updated
systematic review and meta-analysis in yoga and HF. More-
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over, several trials have been published since the review was
conducted in yoga and CVDs, especially HF.

Given the potential promise of yoga as a complementary
and integrative therapy for chronic heart failure (CHF), there
is a need for a comprehensive and up-to-date systematic
review and meta-analysis of the available evidence. This
review aims to synthesize the findings of RCTs that have
investigated the effects of yoga on biomarkers and QoL in
patients with CHF. By examining the collective evidence, we
hope to provide insights into the potential benefits and
limitations of yoga as an adjunct therapy for this challenging
health condition.

Methods

Research Question
What is the effect of yoga on cardiac biomarkers, function,
and QoL in individuals with CHF?

Transparency

This review was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.

Eligibility Criteria

Types of studies: RCTs that evaluated the effect of any type of
yoga in patients with CHF (systolic and/or diastolic) com-
pared with either standard medical care or other similar
interventions, published in English, were included. Further-
more, crossover or non-RCTs, single-group pre-post trials,
observational studies, case series, case reports, review
articles, surveys, and health news were excluded.

Types of participants: Studies enrolled patients with
systolic and/or diastolic HF (aged >18 years) were included
in this review. To be eligible, a trial required patients with HF
to be randomized to at least one group receiving any type of
yoga intervention. CHF is defined as a clinical syndrome
characterized by symptoms and/or signs of HF with objective
evidence of structural or functional cardiac abnormalities.
Yoga intervention could be defined as any practice that
involves physical postures (asanas), breathing techniques
(pranayamas), meditation (dhyana), and/or relaxation
exercises.

Types of outcome measures: The effects of yoga could be
evaluated through outcomes like cardiac biomarkers, func-
tion, and QoL. Therefore, considering the context, the main
outcomes of interest were as follows:

 LVEF: It is a measurement of the amount of blood that is
pumped out of the left ventricle of the heart with each
heartbeat. It is expressed as a percentage and is calculated
by dividing the volume of blood pumped out of the left
ventricle during systole (the contraction phase) by the
total blood volume in the left ventricle at the end diastole
(the relaxation phase).

» N-terminal pro-brain natriuretic peptide (NT-proBNP): It is
a biomarker commonly used in clinical practice to aid in
diagnosing and managing HF. NT-proBNP is a cleavage



product of the pro-brain natriuretic peptide (proBNP),
which is synthesized and secreted primarily by the heart
ventricles in response to increased pressure or volume.

* Peak VO,: It measures an individual’s maximum oxygen
consumption during exercise and is commonly used to
assess cardiorespiratory fitness. An improvement in peak
VO, suggests an improvement in cardiorespiratory fit-
ness, which can have positive health implications.

» Otheroutcomes related to CHF: exercise capacity, 6-minute
walk test (6mWT), hemodynamic changes (heart rate and
systolic and diastolic blood pressures), inflammatory
markers, hormone levels, QoL, etc.

In addition, we excluded mental health outcomes, which
were not the objective of interest of this study.

Search Methods for Identification of Studies

A rigorous and systematic search strategy was formulated to
identify potential articles investigating the impact of yoga on
CHF. The search was conducted across multiple electronic
databases, including PubMed, Embase, Scopus, Cochrane
Library, and IndMED, utilizing appropriate keywords and
MeSH terms related to yoga and CHF. The search was not
restricted by language; only studies published until
March 31, 2023, were included. In addition to the electronic
database search, a snowballing technique was utilized to
identify other relevant studies by searching through the
bibliographies of important articles. The exclusion criteria
were appropriately applied to exclude book chapters,
abstracts, incomplete reports, case reports, and duplicate
records. By adopting such a comprehensive and rigorous
approach, only relevant and high-quality studies were con-
sidered for inclusion in the synthesis. The search strategy
used for PubMed is described in =Table 1, which is modified
and adapted as per the suitability of other databases.

Data Collection and Analysis

Assessment of study eligibility: The identified studies were
screened for relevance and eligibility by two independent
reviewers, who assessed the titles and abstracts for the
inclusion criteria based on the research question. Full-text
articles were obtained for studies that met the inclusion
criteria or whose relevance was unclear based on the ab-

Table 1 Strategy for PubMed search
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stract. The eligibility of the full-text articles was also
assessed independently by two reviewers, and any disagree-
ments were resolved through discussion or with the involve-
ment of a third reviewer.

Data extraction: The relevant data from the eligible
studies, such as study characteristics (e.g., author, year,
country, sample size), participant characteristics (e.g., age,
sex, diagnosis), intervention characteristics (e.g., type, fre-
quency, duration), outcome measures (e.g., biomarkers of HF,
Qol), and study results, were independently extracted by
two reviewers. Any discrepancies that arose during the data
extraction process were resolved through discussion or
consultation with a third reviewer. In case of incomplete
data reporting in the eligible studies, the corresponding
authors were contacted for additional information. The
data were considered incomplete if the authors did not
respond after successive two reminders. This approach
ensures that robust efforts were made to obtain complete
data and that the analysis is based on the most comprehen-
sive and accurate information available.

Quality assessment of included studies: To assess the
risk of bias (RoB) in individual studies, two reviewers inde-
pendently utilized the Cochrane collaboration tool for
assessing RoB, Version-2 (RoB 2.0)."” The RoB was evaluated
across six domains, which include selection bias, perfor-
mance bias, detection bias, attrition bias, reporting bias,
and other biases.

“Selection bias” refers to the way participants are chosen
for a study. This review used two criteria to assess selection
bias: “random sequence generation” and “allocation conceal-
ment.” “Adequate random sequence generation” means that
participants are placed into groups randomly, and “adequate
allocation concealment” means that the researchers could
not predict which group a participant would be placed in
before or during the study. “Performance bias” refers to
whether the participants and researchers are aware of which
group a participant is in. “Adequate blinding” means that
neither the participants nor researchers knew which group
the participant was in. Although it may be challenging to
blind participants and researchers in yoga trials, it is still
essential to minimize bias. “Detection bias” refers to whether
the outcome assessors know which group a participant is in.
Adequate blinding of the outcome assessors is essential to

Sl no. | Search terms

1 “Diastolic heart failure” [Title/Abstract] OR “Diastolic dysfunction” [Title/Abstract] OR “Systolic heart failure”
[Title/Abstract] OR “Ejection Fraction” [Title/Abstract] OR “Heart Failure” [Mesh] OR “Heart Failure” [Title/Abstract] OR
“Cardiac Failure” [Title/Abstract] OR “Heart Decompensation” [Title/Abstract] OR “Pulmonary Heart Disease” [Mesh]
OR “Pulmonary Heart Disease” [Title/Abstract] OR “Cor Pulmonale” [Title/Abstract]

2 Meditation [Title/Abstract] OR “Relaxation Technique” [Title/Abstract] OR “Breathing Exercise” [Title/Abstract] OR
“Nostril Breathing” [Title/Abstract] OR Pranayam™ [Title/Abstract] OR “Yoga” [Mesh] OR “Yoga” [Title/Abstract] OR
“Yogic” [Title/Abstract] OR “Asana” [Title/Abstract] OR “Pranayama” [Title/Abstract] OR “Dhyana” [Title/Abstract]

[Title/Abstract] OR “Control” [Title/Abstract]

3 randomized controlled trials as topic [MeSH terms] OR “Randomized Controlled Trial” [Title/Abstract] OR “Random
Allocation” [Title/Abstract] OR “Double Blind” [Title/Abstract] OR “Single Blind” [Title/Abstract] OR “Clinical trial”
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prevent bias. “Attrition bias” occurs when some participants
drop out of the study, leading to incomplete data. If more
than 20% of participants drop out, it can affect the study
results, so addressing this with an intention-to-treat analysis
is crucial. “Reporting bias” occurs when not all the study’s
outcomes are reported. “Other sources of bias” that do not fit
into any of these categories are also possible. The RoB was
assessed as “low,” “unclear,” or “high” based on how well
these criteria were met. Any disagreements were resolved
through discussion among the reviewers.

Any discrepancies that arose during the evaluation of RoB
were resolved through discussion or consultation with a
third reviewer.

Data synthesis and analysis: We first conducted a quali-
tative synthesis (systematic review) of the included studies.
We identified similar and extractable quantitative outcomes
across studies and pooled them for quantitative synthesis
(meta-analysis). For continuous outcomes (e.g., biomarkers
of HF, QoL), we reported the mean difference (MD) with 95%
confidence intervals (ClIs). The statistical heterogeneities
were measured using the I? statistic and Cochran’s Q test.
We used fixed effect and random effect models to estimate
the average effect, depending on the amount of heterogene-
ity exhibited for each outcome.

However, some studies reported the difference from the
baseline, rather than the final value score. We pooled the
values using the mean difference (unstandardized) method
in such cases. Using the mean difference method, we com-
bined studies with change-from-baseline outcomes and
studies with final measurement outcomes in a meta-analy-
sis. This is because the mean difference method calculates
the difference between two means (e.g., the mean value in
the intervention group minus the mean value in the control
group) and therefore does not require the outcomes to be
standardized. The statistical analyses for this systematic
review and meta-analysis were conducted using the
“Meta” package in the R software environment (https://
cran.r-project.org/). Specifically, the functions “metacont”
and “forest” were utilized to perform the meta-analyses
and generate the forest plots, respectively.

Subgroup and sensitivity analysis: In the cases where
there was substantial heterogeneity between studies, we
conducted subgroup analyses based on participant charac-
teristics (e.g., disease severity), intervention characteristics
(e.g., type, frequency, duration), and RoB. This approach
helps us to identify potential sources of heterogeneity and
provides insights into the factors that may influence the
effect of the intervention.

We also conducted sensitivity analyses to explore the
impact of individual studies on the overall results. We could
assess the results’ robustness and identify any influential
studies by systematically removing one study at a time and
recalculating the pooled effect estimate. This approach helps
ensure that the conclusions drawn from the meta-analysis
are reliable and not overly influenced by any single study.

Publication bias: We planned to assess publication bias
using funnel plots and Egger’s test. If there is evidence of
publication bias, we would have conducted a trim-and-fill
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analysis to adjust for the bias. There should be at least 10
studies for publication bias studies in a meta-analysis by the
funnel plot test; fewer studies might not give sufficient
power to the test and may not detect the real asymmetry.'®
In this review, the number of studies on individual outcomes
were less than 10. Therefore, publication bias detection was
not performed.

Results

Study Selection and Characteristics

Our systematic review identified 343 articles from electronic
databases and 3 articles from hand-searching of citations.
After removing duplicates (n=169) and screening titles and
abstracts, we excluded 143 articles that did not meet our
inclusion criteria. We then reviewed the full texts of the
remaining 34 articles and excluded 23 studies that were not
retrievable or did not meet our eligibility criteria. Ultimately,
we included 11 RCTs*7~>19-25 in our systematic review
(~Fig. 1), of which 8 studies*”-819-22:25 with 437 partici-
pants reported extractable outcomes and were included in
the meta-analysis. Most of the studies (n=7, 63.64%) were
evaluated as having a “high RoB,”*%:19-22-24 and the rest had
projected “some concerns”’-823%> (~Figs. 2, 3).

The 11 RCTs*7~%19-2 jnvolved 552 participants with CHF.
The yoga interventions ranged from 8 to 24 weeks, with an
average duration of 12 weeks reported in 70% of the studies.
Five studies were conducted in India,*?°~% 4 in the United
States,”-32425 1 in Sweden,” and 1 in Brazil."® In most trials,
yoga intervention was given in the context of standard care,
while in two trials, yoga was compared with hydrotherapy®
and guideline-based therapy.?’ The interventions included
various compositions of yoga styles, such as meditation,
yogic postures (asanas), breathing exercises (pranayama),
and relaxation phases. Two studies'®*4%° exclusively used
meditation as an intervention. The control groups received
either usual care or an alternative control intervention, such
as hydrotherapy. No serious event was reported in any of the
trials. We evaluated the effect of yoga on various outcomes in
CHF patients through systematic review, with or without
meta-analysis (=Table 2).

Left Ventricular Ejection Fraction

Three studies'®2%22 involving 167 participants evaluated
the changes in LVEF after the yogic intervention. Krishna
et al®? showed a significant increase in LVEF in both the yoga
and control groups. However, the increase in LVEF was
significantly higher in the yoga group compared with the
control group. Likewise, a study by Jain et al?® showed a
significant increase in LVEF in the yoga group, whereas the
control group showed a nonsignificant increase. On the other
hand, Curiati et al'® showed no significant changes in LVEF in
the yoga and control groups. All these studies used 12 weeks
of intervention. The study by Curiati et al'® was not included
in the meta-analysis because of a wide baseline difference
between groups. However, the pooled effect of the remaining
studies did not show any significant improvement in LVEF,
with high heterogeneity (I* = 93%) and a mean difference of
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Screening Identification

Included

Records identified from:
Databases (n = 343):
PubMed (n = 64); Embase (n = 38);

Scopus (n = 95); Cochrane library (n=92)

IndMED (n = 54)

Records removed before
screening: Duplicate records
(n=169)

Records screened (n = 174)

Records excluded (n=143)

Reports sought for retrieval
(n=31)

Reports not retrieved (n=2)

Reports assessed for eligibility
(n=29)

Studies included in Systematic
Review (n=11)
[Database search, n = 10; Hand-
search, n=1]

Reports excluded:
Non-RCT/CCT (n = 12)
Physical exercise (n = 5)
Other (n=2)
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Identification of new studies via other methods

Records identified from: Citation
searching (n = 3)

Reports sought for retrieval (n=3) —>

|

Reports assessed for eligibility
(n=3)

(n=8)

Studies included in Meta-analysis

Fig. 1 Study flow diagram. CCT, controlled clinical trial; non-RCT, nonrandomized controlled trial.

Study

Fig. 2 Risk of bias for individual studies.

Risk of bias domains

Reports not retrieved (n = 0)
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Bias arising from the randomization process

Bias due to deviations from intended interventions

Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

0%

Fig. 3 Risk-of-bias summary plot.

4.28 (95%Cl: -1.14 to 9.70) in random effect meta-analysis
(=Fig. 4).

NT-proBNP

Three studies reported changes in NT-proBNP after
yoga intervention with a total of 175 participants. However,
the two similar studies by Jain et al?® and Krishna et al?> were
included in the meta-analysis. In these studies, NT-proBNP
was reported in different units, and the values were con-
verted to pmol/L before analysis. The pooled estimate
showed a substantial reduction in NT-proBNP after the

20,22,25

yogic intervention (MD=-288.78; 95%Cl: -492.20 to
-85.37; > =94%; ~Fig. 5).

Quality of Life

In this systematic review, seven studies’~%-19-2"-2> evaluated

the effect of yoga on the QoL of patients with CHF. Of these,
six assessed the QoL using the Minnesota Living with Heart
Failure Questionnaire (MLwHFQ).”3:19-21:25 | contrast, one
study?®” additionally used 36-item Short Form (SF-36) survey
and Quality of Well-Being Self-Administered (QWB-SA).
Another study by Higglund et al° used three different scales,
that is, the Kansas City Cardiomyopathy Questionnaire
(KCCQ), EuroQol five descriptive dimensions (EQ-5D), and
EuroQol Visual Analog Scale (EQ-VAS).

Out of six studies that assessed QoL through MLWHFQ,
three reported'®=?' significant improvement in the yoga
intervention group. In contrast, the other three studies’%2°
reflected a nonsignificant improvement in the yoga group
compared with the control group.

Among other outcomes of QoL, studies reported a signifi-
cant increase in the social function domain of SF-36.2
However, no improvement was observed in QWB—SA,25
compared with standard care. The effect of yoga was found
to be similar to hydrotherapy in changing EQ-5D, EQ-VAS,
and disease-specific QoL measured using KCCQ.?

Initially, six studies’”-®1972125 that reported MLWHFQ
were included in the meta-analysis. However, one study
was excluded from the analysis?> because of the vast dissim-
ilarity in duration and nature of the intervention. Of these,
three studies'®~2" used 12 weeks of intervention and includ-
ed the NYHA I and II patients in the study, whereas the two
remaining studies’-® used 8 weeks of intervention and

Avicenna Journal of Medicine Vol. 13 No. 3/2023 © 2023. The Author(s).

25% 50% 75% 100%

. Low risk

D Some concerns

B Hionrisk

included the NYHA I, 11, and III patients. Both were analyzed
as subgroups as well as cumulative. The first subgroup
showed a high heterogeneity (I> = 98%) and a mild treatment
effect (MD =-15.30; 95%Cl: -27.53 to -3.08). Excluding the
study by Jain et al,?% there was a significantly improved
treatment effect (MD =-22.24; 95%Cl: -27.70 to -16.78),
with a substantial reduction in heterogeneity (I?>=50%).
The second subgroup showed a more robust and significant
treatment effect (MD =-13.65; 95%Cl: -23.67 to -3.62), with
avery insignificant (> = 0%) heterogeneity. The overall effect
in all the studies (~Fig. 6) was -14.86 (95%CI: -27.01 to
-2.70; I> =97%), and after excluding the study by Jain et al,2°
the pooled estimate improved to -19.99 (95%Cl: -25.76 to
-14.22; P =43%; ~Fig. 7).

Peak VO,

Peak VO, was reported in three studies’”-®'? (n=74) in the
unit of mL/kg/min. The overall estimate following the inter-
vention showed a significant improvement in peak VO,
(MD =3.29 [95%CI: 1.64-4.94]). The heterogeneity among
the studies was reported as very low, with an I? value of 0%,
which suggests that the pooled result is robust and reliable
(=~Fig. 8).

Six-Minute Walk Test

Two studies have measured the exercise capacity of HF
patients using 6mWT in the unit of meters. The result of
Krishna et al's study?' showed a significant increase in
6mWT distance in the yoga group compared with the
control group. Likewise, the study of Jayadevappa et al®®
showed a significant improvement in the 6mWT in the yoga
group from baseline to 6 months after treatment compared
with the control (health education) group. The meta-analy-
sis showed a significant effect of the intervention in im-
proving the 6mWT (MD=101.54; 95%CIl: 6.24-196.83,
> =96%; ~Fig. 9).

Other Outcomes

One study?? evaluated the effect of 12 weeks of yoga on the
Myocardial Performance Index (Tei index). The Tei index is a
straightforward, reliable, and independent indicator of heart
rate and blood pressure of total cardiac dysfunction in
patients with mild to moderate HF. It is calculated as the
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Experimental
Study Total Mean SD Total Mean
Jain et al. 2022
Krishna et al. 2014

30 36.77 2.9900
44 52.96 6.0100
Random effects model 74 78
Heterogeneity: 2 = 93%, 1 = 14.2624, p < 0.01

Control
SD

30 35.17 2.8200
48 45.83 5.6800

-30 -20 -10 O
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Yoga vs. Control
(LVEF) MD 95%-Cl Weight
1.60 [0.13;3.07] 51.5%
713 [4.74;9.52] 48.5%

4.28 [-1.14;9.70] 100.0%
T T T ] T 1
10 20 30

Favors Control Favors Yoga

Fig. 4 Forest plot showing the effect of yoga on the left ventricular ejection fraction (LVEF). Cl, confidence interval; MD, mean deviation; SD,

standard deviation.

Control
SD

Experimental

Study Total Mean SD Total Mean

Jain et al. 2022
Krishna et al. 2014

30 220.93 81.1500
44 164.95 117.9000

30 406.83 154.8600
48 558.43 227.5900
Random effects model 74 78
Heterogeneity: /% = 94%, 1° = 20337.7657, p < 0.01

Yoga vs. Control

(NTproBNP) MD 95%-Cl Weight
. ~185.90 [-248.46; -123.34] 50.4%
- -393.48 [-466.68; —-320.28] 49.6%
——
[ I

-288.78 [-492.20; -85.37] 100.0%
1

-600-400-200 0 200 400 600

Favors Yoga Favors Control

Fig. 5 Forest plot showing the effect of yoga on serum NT-proBNP level. Cl, confidence interval; MD, mean deviation; NT-proBNP level, N-
terminal prohormone of brain natriuretic peptide; SD, standard deviation.

Experimental Control
Study Total Mean SD Total Mean SD
Subgroup = 12 Weeks/ NYHA |, II
Curiati et al. 2005 8 -11.60 4.6000 7 6.70 9.1000
Jain et al. 2022 30 10.17 2.5600 30 14.07 3.4500
Krishna et al. 2014 44 38.25 8.6300 48 62.46 7.3900
Random effects model 82 85

Heterogeneity: /% = 98%, 1 = 111.0609, p < 0.01

Subgroup = 8 Weeks/ NYHA I, 11, 11l

Pullen PR et al. 2008 9 26.90 16.8000 10 41.20 32.1000

Pullen PR et al. 2010 21 -11.56 19.1800 19 1.93 16.8700
Random effects model 30 29

Heterogeneity: P =0%,1%=0, p=0.95

Random effects model 112 114

Heterogeneity: /2 = 97%, 12 = 69.9310, p < 0.01
Test for subgroup differences: xf =0.04,df =1 (p =0.84)

Yoga vs. Control

(MLWHFQ) MD 95%-Cl Weight
- -18.30 [-25.76; -10.84] 21.8%
-390 [-5.44; -2.36] 26.0%
B -2421 [-27.51; -20.91] 25.3%
e -15.30 [-27.53; -3.08] 73.1%
— -1430 [-37.02; 8.42] 9.0%
—.— -13.49 [-24.66; -2.32] 17.9%
e -13.65 [-23.67; -3.62] 26.9%
- -14.82 [-23.22; -6.42] 100.0%
| | | |
40 -20 0 20 40

Favors Yoga Favors Control

Fig. 6 Forest plot showing the effect of yoga on MLWHFQ score (including all the studies). Cl, confidence interval; MD, mean deviation;
MLwWHFQ, Minnesota Living with Heart Failure Questionnaire; SD, standard deviation.

sum of isovolumic contraction and relaxation time divided
by the ejection time. The study showed a significant reduc-
tion in the Tei index in the yoga group compared with the
control group.

In some studies, it has been observed that yoga led to
significant improvement in heart rate, increase in high-
frequency spectrum and decrease in low-frequency spec-
trum of HRV, measured through Kubios HRV Version 2.0
software for HRV (Bio-Signal Analysis Group, Finland)*
reduction in systolic blood pressure (SBP) and diastolic blood
pressure (DBP),* improvement in rate pressure product
(RPP),4 reduction in hsCRP”-32? and interleukin-6 (IL—G),7'8
increase in extracellular superoxide dismutase (EC-SOD)
activity,”® increase in treadmill time,’® decrease in

the minute ventilation/carbon dioxide production (VE/VCO,)
slope,’® and reduction in the norepinephrine level."

Yoga did not affect some outcomes like cortisol levels®®
and left ventricular end-diastolic volume index (LVDDi).'® A
study reported® that the effect of yoga may be similar to
hydrotherapy in various outcomes like HRQoL, peripheral
oxygen saturation, heart rate, SBP and DBP, high-sensitivity
C-reactive protein (hs-CRP), and NT-pro BNP.

Aditee et al®* assessed the effect of yoga on clinical out-
comes in patients with implantable defibrillators for HF. The
study showed a reduction in antiarrhythmic use, cumulative
atrial fibrillation (AF), persistent AF, sustained VA, ablation
for HF, HF hospitalization, and an increase of survival in the
yoga group compared with the control group.?*
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Control
SD

Experimental

Study Total Mean SD Total Mean
Subgroup = 12 Weeks/ NYHA |, I

Curiati et al. 2005 8 -11.60 4.6000
Krishna et al. 2014 44 38.25 8.6300
Random effects model 52

Heterogeneity: /2 = 50%, 1> = 8.8113, p = 0.16

7 6.70 9.1000
48 62.46 7.3900
55

Subgroup = 8 Weeks/ NYHA I, 11, lI

Pullen PR et al. 2008 9 26.90 16.8000 10 41.20 32.1000

Pullen PR et al. 2010 21 -11.56 19.1800 19 1.93 16.8700
Random effects model 30 29

Heterogeneity: 2 =0%, =0, p=0.95

Random effects model 82 84

Heterogeneity: /* = 43%, 1° = 15.5166, p = 0.15
Test for subgroup differences: xf =2.18,df =1 (p =0.14)

Yoga vs. Control

(MLWHFQ) MD 95%-Cl Weight
- _18.30 [-25.76;-10.84] 28.9%
B _24.21 [-27.51; -20.91] 47.3%
— -22.24 [-27.70; -16.78] 76.2%
—_—t i ~14.30 [-37.02; 842] 5.8%
- ~13.49 [-24.66; -2.32] 18.1%
s -13.65 [-23.67; -3.62] 23.8%
- -19.99 [-25.76; -14.22] 100.0%
| | | |
40 20 0 20 40

Favors Yoga Favors Control

Fig. 7 Forest plot showing the effect of yoga on MLWHFQ score (revised in sensitivity analysis). Cl, confidence interval; MD, mean deviation;
MLWHFQ, Minnesota Living with Heart Failure Questionnaire; SD, standard deviation.

Experimental Control Yoga vs. Control
Study Total Mean SD Total Mean SD (Peak VO2) MD 95%-Cl Weight
Curiati et al. 2005 8 16.10 3.1000 7 14.50 3.2000 ——.—i— 1.60 [-1.60;4.80] 26.6%
Pullen et al. 2008 9 19.70 5.0000 10 15.10 5.2000 ——&—— 4.60 [0.01;9.19] 12.9%
Pullen et al. 2010 21 3.11 3.0400 19 -0.65 3.7300 —— 3.76 [1.64;5.88] 60.5%
Common effect model 38 36 et 3.29 [ 1.64; 4.94] 100.0%
Heterogeneity: /% = 0%, 12 = 0, p = 0.46 ' ' '
-5 0 5 10

Favors Control

Favors Yoga

Fig. 8 Forest plot showing the effect of yoga on changing peak VO,. Cl, confidence interval; MD, mean deviation; SD, standard deviation.

Experimental Control Yoga vs. Control
Study Total Mean SD Total Mean SD (6-min Walk Test) MD 95%-Cl Weight
Jayadevappa et. al. 2007 13 67.70 24.7000 10 13.50 15.4000 5420 [37.73; 70.67] 51.3%
Krishna et. al. 2014 44 592.11 105.8600 48 440.63 57.8700 151.48 [116.18; 186.78] 48.7%

Random effects model 57 58

Heterogeneity: I = 96%, 1° = 4534.1467, p < 0.01

101.54 [ 6.24;196.83] 100.0%

-400 -200 0 200 400
Favors Control Favors Yoga

Fig. 9 Forest plot showing the effect of yoga on 6-minute walk test. Cl, confidence interval; MD, mean deviation; SD, standard deviation.

Discussion

Principal Findings

The systematic review including 11 randomized trials with
552 participants aimed to investigate the effects of yoga as an
adjunct therapy for patients with CHF. The principal findings
of the review indicate that yoga interventions may have
beneficial effects on various outcomes such as QoL, peak VO,,
exercise capacity, endurance, and a few cardiac biomarkers
such as NTproBNP. Subgroup analysis suggested that the
effects of yoga on QoL were more pronounced in patients
with the NYHA class I and I CHF patients and in those who
practiced yoga for longer durations. The review found no
significant effect of yoga on LVEF in patients with CHF.
However, the evidence is limited, and the quality of the
studies included is generally low.

Avicenna Journal of Medicine Vol. 13 No. 3/2023 © 2023. The Author(s).

Strengths and Limitations

One of the strengths of this review is that it is based on a
comprehensive search of several databases, which included
exclusively RCTs. Additionally, the review followed the
PRISMA guidelines for conducting and reporting systematic
reviews, which enhances its reliability and validity. However,
the review has some limitations that need to be considered.
One of the main limitations is the small number of studies
included in the review, which limits the generalizability of
the findings. Moreover, the quality of the studies included in
the review is generally low, with several studies having a
high RoB. In the meta-analysis, very few studies could be
included considering the similarity in individual outcomes.
The involved heterogeneity was another concern while
interpreting the study results. Only the QoL could be
explained a little, using subgroup and sensitivity analyses.



The quality of reporting was another issue found in most of
the trials, which carries a negative dimension while inter-
preting such reports.

Comparison with Previous Similar Studies

Our findings are generally consistent with a previous sys-
tematic review'® that reported that yoga might improve
peak VO, and HRQoL in patients with CHF. However, the
previous review has included fewer studies (n=2), and
significant time has elapsed since the review. Our review
adds to the literature by including a more comprehensive
search of the literature, including a broader range of studies,
and evaluating the quality of the studies extensively using
validated tools. In contrast to the previous one, this review
evaluated the effect of yoga on a broader range of clinical
outcomes in CHF patients.

Future Direction and Recommendation

The findings of this review suggest that yoga may have
potential benefits as an adjunct therapy for patients with
CHF. However, evidence is limited, and the quality of the
studies is generally low. Future studies should focus on
conducting high-quality RCTs with larger sample sizes to
provide more robust evidence on the effects of yoga in
patients with CHE. Moreover, future studies should also
aim to evaluate the long-term effects of yoga on various
outcomes in this population. Given the heterogeneity of yoga
interventions used in the studies included in this review,
future studies should aim to standardize the interventions to
allow for better comparison across studies. In addition, the
quality of comprehensive reporting and adverse events must
be strengthened in future yoga trials.

Conclusion

This systematic review suggests that yoga may have some
benefits as an adjunct therapy for patients with CHF. The
review found that yoga interventions may improve QoL, peak
VO,, exercise capacity, endurance, and cardiac biomarkers.
However, the evidence is limited and the quality of the
studies included in the review is generally low, which limits
the generalizability of the findings. Therefore, future studies
should focus on conducting high-quality RCTs with larger
sample sizes to provide more robust evidence on the effects
of yoga in patients with CHF. Additionally, future studies
should aim to standardize the interventions to allow for
better comparison across studies and evaluate the long-term
effects of yoga on various outcomes in this population.
Overall, the findings of this review provide some promising
initial evidence for the potential use of yoga as an adjunct
therapy for patients with CHF, but further research is needed
to evaluate its efficacy and safety beyond any doubt.
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