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Effects of Yoga on Inflammation and Exercise Capacity
in Patients With Chronic Heart Failure
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ABSTRACT

Background: Despite recent advances in pharmacologic and device therapy, morbidity and mortality
from heart failure (HF) remain high. Yoga combines physical and breathing exercises that may benefit
patients with HF. We hypothesized that an 8-week regimen of yoga in addition to standard medical therapy
would improve exercise capacity, inflammatory markers, and quality of life (QoL) in patients with HF.
Methods and Results: New York Heart Association Class I-III HF patients were randomized to yoga
treatment (YT) or standard medical therapy (MT). Measurements included a graded exercise test
(GXT) to _VO2Peak and the following serum biomarkers: interleukin-6 (IL-6), high-sensitivity C-reactive
protein (hsCRP), and extracellular superoxide dismutase (EC-SOD). The Minnesota Living with Heart
Failure Questionnaire (MLHFQ) was administered to assess changes in QoL. A total of 19 patients
were enrolled after the initial screening. Of the 19 patients, 9 were randomized to YT and 10 to MT. Pa-
tients had a mean EF of 25%. GXT time and _VO2Peak were significantly improved in the YT versus MT
groups (þ18% in the YT and e7.5% in MT; P 5 .03 vs. control and þ17 in YT and e7.1 in MT; P 5 .02,
respectively). There were statistically significant reductions in serum levels of IL-6 and hsCRP and an in-
crease in EC-SOD in the YT group (all P ! .005 vs. MT). MLHFQ scores improved by 25.7% in the YT
group and by 2.9% in the MT group.
Conclusions: Yoga improved exercise tolerance and positively affected levels of inflammatory markers in
patients with HF, and there was also a trend toward improvements in QoL. (J Cardiac Fail 2008;14:407e413)
Key Words: Inflammatory markers, alternative medicine, quality of life, congestive heart failure.
Heart failure (HF) ranks among the top chronic illnesses
with a profound clinical and economic impact.1 The mani-
festations of this disease may lead to a significant reduction
in quality of life (QoL).2e6 In patients with both systolic
and diastolic HF, these symptoms often limit their func-
tional capacity.7,8 Previous studies have supported interven-
tions aimed at treating the chronic symptoms of HF, QoL,
and overall health-related outcomes.9 Physical exercise in
the form of yoga has gained immense popularity10 and
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may be beneficial in cardiac rehabilitation.11,12 Despite
yoga’s widespread appeal, there are no data on whether the
addition of yoga therapy improves symptoms or health-
related QoL in patients with compensated, chronic HF.

Yoga combines structured physical exercises, with
breathing techniques and meditation to stimulate a sense
of well-being. The relaxation and meditation components
may lead to an improvement in baroreflex sensitivity and
a reduction in heart rate variability. A variety of beneficial
effects for patients with cardiovascular disease have been
reported.13e15 For example, several small studies have
noted an improvement in lipid profiles,16 blood pressure,17

psychologic well-being,18 and even regression of athero-
sclerosis when combined with dietary and other lifestyle
modifications.19,20 However, most of these studies are lim-
ited by lack of controls, and varied types, intensities, and
durations of yoga protocols used, making it difficult to
compare or interpret the results.

In this study, we sought to examine the effects of an 8-
week yoga program on cardiovascular endurance, and on
functional and psychologic well-being in patients with
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systolic HF. Pro-inflammatory markers have been associ-
ated with unfavorable cardiovascular outcomes in HF.21

We focused on the effect of yoga on 3 markers of inflamma-
tion, including interleukin-6 (IL-6), high sensitivity C-reac-
tive protein (hsCRP), and extracellular superoxide
dismutase (EC-SOD). Elevated levels of IL-6 and CRP
have been adversely associated with HF,22,23 and EC-
SOD activity has been correlated with endothelium-medi-
ated, flow-dependent vasodilatation.24 We hypothesized
that an 8-week yoga intervention would improve exercise
capacity, levels of inflammatory markers, and symptoms
as reflected by improved QoL (determined by the Minneso-
ta Living with Heart Failure Questionnaire [MLHFQ]).

Methods

Patient Population

Patients were recruited from the Cardiology and Medicine
clinics at Grady Memorial Hospital in Atlanta, Georgia. Patients
were included in the study if they had: 1) systolic HF with
a left ventricular ejection fraction (LVEF) #50% determined by
transthoracic echocardiography within 6 months before enroll-
ment; 2) New York Heart Association (NYHA) Class I-III; 3)
were able to walk without assistance; and 4) had been on stable
medical therapy for heart failure 6 months before enrollment
(Table 1). Patients were excluded if they: 1) had significant comor-
bidities with a life expectancy !6 months; 2) were pregnant or
breast-feeding; or 3) were unable to attend yoga sessions twice
per week. The study was approved by the Institutional Review
Board at Emory University.

Patients were randomized to standard medical therapy (MT)
versus standard therapy plus yoga (YT). Both groups received
HF education, instructional material, and a brochure outlining
a home walk progression. Patients were followed for a total of 8
weeks. Investigators responsible for assessment of outcomes
were blinded to the treatment assignment.

Table 1. Patients’ Baseline Clinical Characteristics

Total Number of Patients
(n 5 19)

Yoga Group
(n 5 9)

Control Group
(n 5 10)

Age (y) 52.1 6 3.3 50.5 6 12.8
Men/women, n (%) 2 (22.2)/7 (77.8) 7 (70.0)/3 (30.0)
Etiology of systolic heart failure, n (%)

Ischemic 1 (11.1) 0 (0.0)
Valvular 1 (11.1) 0 (0.0)
Nonischemic 7 (77.8) 10 (100)

New York Heart Association Class, n (%)
I 3 (33.3) 4 (40.0)
II 3 (33.3) 2 (20.0)
III 3 (33.3) 4 (40.0)

Ejection fraction by transthoracic
echo, mean (SD)

28 (6.9) 23 (12.9)

Medical history, n (%)
Coronary artery disease 1 (11.1) 2 (20.0)
Diabetes 1 (11.1) 2 (20.0)
Hypertension 8 (88.9) 9 (90.0)
Current smokers 1 (11.1) 1 (10.0)
Aldosterone blockers 4 (44.4) 6 (60.0)
Angiotensin-converting enzyme

inhibitor/angiotensin receptor
blocker

6/0 (66.7/0) 8/2 (80.0/20.0)

Statins 5 (55.6) 5 (50.0)
b-blockers 8 (88.9) 10 (100.0)
Yoga Therapy

Yoga sessions lasted for 70 minutes and were conducted twice
per week, for a total of 16 supervised sessions over 8 weeks. Dur-
ing each session, subjects completed the following: a 10-minute
warm-up phase, a 40-minute period of standing or seated yoga
postures (Asanas), and finally a 20-minute relaxation phase in-
cluding breathing exercises ( pranayama) and meditation. Heart
rate and blood pressure before and after each yoga session was ob-
tained. After 2 weeks of participation in monitored sessions, the
treatment subjects were given a handout and a video of the
same yoga postures done during the sessions. Patients were in-
structed to perform at least 1 session at home for a minimum of
3 yoga sessions per week during the treatment period. Patients’
understanding of the material was confirmed after initial training.

The yoga sessions were conducted by a Registered Yoga Teacher
(Yoga Alliance) certified by the American College of Sports Med-
icine (registered clinical exercise physiologist), with expertise in
field of cardiac rehabilitation. The yoga asanas for this study
included 18 traditional Hatha yoga postures (for examples see
Fig. 1), which included combinations of forward and backward
bends, twists, and balance poses. Modifications were made on an
individual basis, according to each participant’s specific medical
or orthopedic limitations. Chairs were used for those who were un-
able to stand up from the floor and the wall was incorporated for
support during the standing balance postures, as needed.

Pranayama breathing exercises (breath awareness training) con-
sisted of deep inhalation and exhalation in a 1:1 ratio, without breath
retention. Inhalation was taught to begin with sequential involve-
ment of the abdomen, lower chest, and then upper chest, with the
same sequence in reverse, during exhalation. Additional breathing
techniques were added as subjects became more adept. Meditation
and relaxation practice was performed in a supine or seated position
according to comfort level and participant’s preference.

Exercise/Fitness Testing

All patients underwent a graded exercise test (GXT) at baseline
and at week 9 or 10 to determine exercise endurance (Marquette
Electronics, Inc, model: Case12 electrocardiogram and Marquette
2000 treadmill). Maximum oxygen consumption was estimated
based on achieved work load using the American College of
Sports Medicine’s standard formula25 for walking on a treadmill:

_VO2

�
mL$kg$min

�
50:1

�
speed

�
þ 1:8

�
speed

�

ðfractional gradeÞ þ 3:5 ml$kg$min
A 1-minute per stage ramp protocol treadmill test was used for

all pre- and post-treadmill tests (Table 2). Measurements obtained
at baseline and posttest included; electrocardiograms, blood pres-
sure, flexibility (sit and reach test), and girth (waist and hip).

Waist circumference was obtained at the narrowest part of the
torso and hip circumference was obtained at the maximum exten-
sion of the buttocks, as described in the Anthropometric Standard-
ization Reference Manual.26

Measurement of Soluble Levels of IL-6, hsCRP,
and EC-SOD

Plasma samples were centrifuged and stored at e80�C. An ali-
quot was drawn, and enzyme immunoassay (EIA; Cayman Chemi-
cal, Ann Arbor, Michigan) for serum IL-6, hsCRP, and EC-SOD was
performed on each sample in triplicate. A total of 50 mL of serum
were used for analysis, and EIA was performed as previously



Effects of Yoga on Inflammation and Exercise Capacity � Pullen et al 409
Fig. 1. Yoga asanas. 1) Dandasana: staff posture; 2) Trikonasana: triangle posture; 3) Virabhadrasana: warrior’s posture; 4) Adho Mukha
Svanasana: downward facing dog posture (modified, on the wall); 5) Maricyasana: twist (modified, in a chair); and 6) Savasana: corpse posture.
described.27 The levels of total serum IL-6, hsCRP, and EC-SOD
were determined on a plate reader at an optical density of 420 nm.

Quality of Life

Quality of life was assessed with the MLHFQ.28,29 This disease-
specific questionnaire is the most widely used and validated as-
sessment of quality of life in patients with HF available. The
MLHFQ is composed of 21 questions addressing physical

Table 2. Heart Failure Ramp Protocol

Time MPH % Grade wMetabolic Equivalents

10 1 0 1.8
20 1.5 0 2.2
30 2 0 2.7
40 2.5 0 3.1
50 3 0 3.5
60 3 1 3.9
70 3 2 4.3
80 3 3 4.7
90 3 4 5.1
100 3 5 5.6
110 3 6 6
120 3 7 6.4
130 3 8 6.8
140 3 9 7.2
150 3 10 7.7
160 3 11 8.1
170 3 12 8.5
180 3.5 12 9

This graded exercise test protocol (Pullen Heart Failure Ramp Protocol)
was used to assess the exercise tolerance of patients with chronic conges-
tive heart failure in the control group and the yoga treatment group.

MPH: miles per hour.
function, symptoms of heart failure, and psychosocial issues.
The participants completed the questionnaire at enrollment and
again at the end of the study. A decrease of 5 points in total score
after a specific intervention is regarded as clinically significant.30

Statistical Analysis

Statistical analyses were conducted utilizing the Statistical
Package for Social Sciences 14 (SPSS, Inc, Chicago, IL). Descrip-
tive statistics were run for means and standard deviations for con-
tinuous variables. t-test comparisons for within groups’ analyses
of pre- and post-test results were conducted. A 1-way analysis
of variance was analyzed for all measured variables between
groups for comparisons of pre- to post-test differences. The differ-
ent variables were adjusted for confounding factors at baseline.

Results

Demographics

Thirty-one patients were initially interviewed regarding
participation in the study. Twelve patients did not meet var-
ious eligibility criteria. Nineteen patients were enrolled in
the study (age 51.3 6 9.4 years, 42% males). All patients
in the control and yoga groups completed the study, and fol-
low-up was 100%. All YT subjects attended the total num-
ber of sessions (32). The mean left ventricular ejection
fraction (EF) was 25.2 6 10.7 % (n 5 19). At baseline,
the EF and age of the control group versus the yoga group
was not statistically different. The etiology of heart failure
was ischemic in 1 (11.1%) patient, valvular in 1 (11.1%)
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and nonischemic in 17 (77.8%) patients (Table 1). There
were no adverse events related to the yoga sessions or
home walk progression.

Exercise Testing

Significant differences were found when the changes in
treadmill time between the groups from pretest to posttest
were analyzed (P 5 .03, Table 4). The treadmill time in
seconds decreased by 7.5% in MT group, and increased
by 18% in YT group. The estimated _VO2Peak decreased
by 7.1% in MT and increased by 17% in YT, after the
8-week yoga intervention, (P 5 .02, Table 4).

Measurement of Soluble Inflammatory Markers

There were significant changes in the serum level of in-
flammatory markers in patients randomized to yoga. Serum
IL-6 levels decreased from 17.5 6 5.9 to 13.6 6 4.5 mg/dl
(P ! .001). CRP decreased from 2.18 6 0.34 to 1.75 6 0.39
mg/dL (P 5 .002). Levels of EC-SOD increased from 540 6

37 to 640 6 67 U/mL (P 5 .002; Table 3). Furthermore,
comparing the yoga study group, pretest verses posttest
measurements, with the control group there were significant
differences in all inflammatory markers recorded (IL-6;
P ! .001, CRP; P 5 .002, EC-SOD; P ! .001; Fig. 2e4).

Quality of Life

At baseline, there were no statistically significant differ-
ences in QoL between the control and yoga groups (Table 3).
The MLHFQ scores decreased by 25.7% in YT versus an
increase of 2.9% in MT (P 5 .643 vs. control; Table 4).

Table 3. Values and Within Group Differences

Parameter
Time 5 0

Months
Time 5 2

Months
P Value versus

Baseline

Treadmill Time (s)
Control 471 6 276 436 6 218 .492
Yoga 476 6 219 578 6 193 .002

VO2Peak (mL$kg$min)
Control 16.2 6 6.4 15.1 6 5.2 .380
Yoga 16.4 6 5.4 19.7 6 5.0 .024

Weight (lb)
Control 208 6 51.6 211.7 6 56.5 .960
Yoga 216.9 6 40.6 219.5 6 41.9 .129

Flexibility (inches)
Control 4.23 6 4.2 3.63 6 3.9 .238
Yoga 3.89 6 2.9 3.61 6 2.1 .585

MLHFQ-T
Control 39.9 6 24.8 41.2 6 32.1 .806
Yoga 33.8 6 25.8 26.9 6 16.8 .358

MLHFQ-P
Control 21.8 6 12.3 21 6 113.4 .768
Yoga 16.5 6 11.3 14 6 6.8 .502

MLHFQ-E
Control 11.9 6 9.4 12.7 6 10.8 .785
Yoga 6.8 6 3.2 5 6 4.3 .345

Time, months; IL-6: interleukin-6; CRP: C-reactive protein; Ec-SOD:
extracellular superoxide dismutase; treadmill time in seconds; VO2Peak:
mL$kg�1$min�1 - oxygen consumption; MLHFQ: Minnesota Living
with Heart Failure Questionnaire.

Levels of IL-6 and CRP decreased in yoga treatment group compared
with control group. Ec-SOD levels increased after yoga therapy.

Values are mean 6 standard deviation.
Based on the findings of previous research on larger
cohorts,26e28 the scores decreased by 1 standard deviation
in 5 of the yoga treatment patients (n 5 9) after completion
of the study.

Post-Hoc Analysis

Because of the nature of the small subject sample size in
this pilot study and to better understand whether there were
clear differences in _VO2Peak (pre- and posttreatment) we ran
a Wilcoxon signed-ranks (nonparametric) test on both the
yoga treatment group and the control group. These results
were consistent with the statistical procedure followed
a priori: The yoga treatment group experienced a significant
change (P 5 .018) in pretreatment to posttreatment
_VO2Peak, whereas the control group did not experience
a change (P 5 .767). A similar procedure was used for total
treadmill exercise time, IL-6, CRP, and EC-SOD. In each
case, the yoga treatment group experienced a significant
change from baseline at the posttreatment measurement
(P ! .022), and in each case the control group experienced
nonsignificant changes.

Discussion

Despite significant advances in medical and surgical
management of heart failure, one-third of patients are
admitted annually for HF exacerbation.31 The 1-year mor-
tality rate for patients with advanced HF remains approxi-
mately 35%.32 Although prognosis may be better in
patients within the early stages of congestive HF, they con-
tinue to experience considerable symptoms, deterioration in
functional status, and a poor QoL.2 Psychosocial factors
and reduced QoL contribute to recurrent CHF exacerba-
tions and hospitalizations.33 Our study is unique in that
there is paucity of data on the effects of unconventional,
yet popular, techniques of mind-body medicine in patients
with congestive HF, especially in a cohort composed pre-
dominantly of African Americans (82%).

In this study, an organized program of yoga therapy for 8
weeks, when added to the standard medical treatment of
systolic HF, led to an improvement in exercise capacity, es-
timated _VO2Peak, and reduced inflammatory markers.

IL-6 values at baseline and after 2 months of therapy
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Fig. 2. The level of interleukin-6 (IL-6) significantly decreased in the
yoga-treated group compared to the control group, with *P ! .001.
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Mechanisms by which yoga therapy may have improved
the clinical parameters in this study are speculative at
best. In addition to hemodynamic derangements, an in-
creased neurohormonal activation via the sympathetic ner-
vous system and the renin-angiotensin system has been
implicated in the progression of heart failure.34,35 Indeed,
drugs such as b-blockers and angiotensin-converting en-
zyme inhibitors/angiotensin receptor blocker that block
this neurohormonal activation lead to a reduction in mor-
bidity and mortality in patients with congestive HF.36,37

Heart rate, blood pressure, and the respiratory rate interval
are all influenced by input from both the parasympathetic
and the sympathetic systems. Arterial baroreflex modulates
vagal nerve traffic to the sinoatrial node. In postmyocardial
infarction patients, it has been observed that if the vagal
baroreflex is abnormal, there is an increased risk of fatal
events because of ventricular tachycardia.38 Furthermore,
in patients with HF, the arterial baroreflex insensitivity
may also lead to ventricular arrhythmias.39,40 Combining
yogic postures with breathing exercises and meditation at-
tenuates sympathetic activation and could lead to a decrease
in ventricular filling pressures. This may explain part of the
improvement in exercise capacity that was found in this
study (based on the significant improvement in treadmill

CRP values at baseline and after 2 months of therapy
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Fig. 3. C-reactive protein (CRP) decreased significantly after 3
months of yoga treatment in yoga group patients (n 5 9) com-
pared with control group (n 5 10), with *P 5 .002.

Ec -SOD levels at baseline and after 2 months
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Fig. 4. Extracellular superoxide dismutase (Ec-SOD) levels
increased significantly after 3 months of yoga, with *P ! .001
compared with no significant change in the control group.
time and estimated _VO2Peak in the yoga group as compared
with the control group).

Yoga postures, relaxation, and breathing practices may
improve patient well-being and retard the pathogenic mech-
anisms observed in HF. The dyspnea in chronic HF results
in muscle fatigue from decreased arterial carbon dioxide.41

That ventilatory effort, driven by sympathetic activation via
stimulation of the J receptors, predisposes to ventricular ar-
rhythmias. In addition to allowing for a predominance of
the parasympathetic state, yoga may also promote effective
extraction of oxygen by peripheral tissues. When muscle is
stretched, oxygen consumption increases. Tran et al found
that an 8-week yoga training program in normal subjects
led to increased muscular strength by 31%, increased mus-
cular endurance by 57%, increased flexibility by 188%, and
increased oxygen uptake by 7%.42 These data appear to
support the current study’s increase in exercise tolerance
in the yoga-treated group, as reflected by longer treadmill
times and an increase in _VO2Peak. However, our subjects
did not have a significant increase in flexibility as the pre-
vious study demonstrated. This may, in part be explained by
the fact that our patient population was older and suffered
from congestive HF and other comorbid diseases that could
limit their ability to stretch.

Blood pressure and heart rate changes were not inter-
preted in this study as some subjects required medication ad-
justments during the study period. Such adjustments could
confound comparisons between these parameters. Several
studies of yoga treatment in hypertensive patients have dem-
onstrated mean reductions of systolic and diastolic blood
pressure of 15 mm Hg and 10 mm Hg, respectively.15,43,44

In addition to the proposed mechanism of yoga’s ability
to attenuate the derangements of the autonomic nervous
system and thereby improve symptoms, its effect on psy-
chological well-being cannot be ignored. Major depression
occurs in 25% of patients with congestive HF, and 50%
report symptoms consistent with subclinical depression or
dysthymia,45 which in turn affect patient QoL and raise
mortality.46 Increased serum catecholamine levels from
stress cause deleterious effects on cardiac health and im-
mune function.47e49 In our study, answers to the well-
validated MLHFQ indicated that patients who did yoga

Table 4. Between-Group Differences

Test
Control % Change

from Baseline
Yoga % Change
from Baseline

P Value
Versus
Control

Treadmill Time (s) �7.5 18.0 .030
VO2Peak (mL$kg$min) �7.1 17.0 .020
Weight (lb) 1.7 1.1 .654
Flexibility (inches) �16.5 �7.8 .643
MLHFQ-T 2.9 �25.7 .643
MLHFQ-P �4.8 �21.4 .699
MLHFQ-E 6.3 �36.0 .774

IL-6: interleukin-6; CRP: C-reactive protein; Ec-SOD: extracellular su-
peroxide dismutase; treadmill time in seconds; VO2Peak: mL$kg-1$min-1 -
oxygen consumption; MLHFQ: Minnesota Living with Heart Failure
Questionnaire.
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perceived it to be beneficial. Statistical significance was not
achieved which may have been due to the small number of
subjects in the treatment arm (n 5 9). However, all yoga
treatment patients reported an improved tolerance for tasks
of daily living. Another important factor to consider is that
modified yoga postures can be practiced safely by the dis-
abled, the elderly, and by patients with chronic debilitating
illnesses such as arthritis and HF, compared with conven-
tional aerobic forms of exercise that can be very demand-
ing. We had no adverse outcomes in patients in the yoga
arm, and they tolerated this form of nonaerobic exercise
quite well. Interestingly, we also had 100% compliance
with session attendance and testing for both the treatment
and control subjects.

Increased levels of markers of inflammation such as IL-6
and CRP have been associated with higher mortality22,23 in
cardiac patients. Our data point to another potential mecha-
nism by which adjunctive yoga therapy may improve endo-
thelial function, via improving inflammation and oxidative
stress at the level of the vasculature. Interestingly, the levels
of all 3 markers of inflammation changed significantly with 8
weeks of adjunct yoga therapy compared to the control arm
(Fig. 2e4). These results are notable for the fact that CRP
decreased by 20% in yoga group compared with 1.6% in
the control group, and IL-6 decreased by 22% in the yoga
group compared with minimal change from baseline in the
control group (Table 3). It is known that exercise reduces
markers of inflammation that are associated with endothelial
dysfunction and improves endothelial function by allowing
for a greater availability of NO.50,51 Recently, a pilot study
showed that yoga therapy improves endothelial function in
patients with coronary artery disease.52 Our data on the ben-
eficial effects of yoga on reducing CRP levels are consistent
in that physical activity has been known to reduce CRP
levels.53 Thus, in patients with CHF, yoga therapy may re-
duce cytokines and oxidative stress at the level of the vascu-
lature and improve symptoms by reducing inflammation.

Limitations

This is a preliminary study involving a relatively small
number of patients with a skewed distribution between
male and female subjects in each group. We also recognize
that reliance on markers of inflammation as markers of im-
provement in the severity of congestive HF is not necessar-
ily reflective of the actual disease process. A more sensitive
index of measuring flexibility and assessing QoL may have
yielded different results, or perhaps a period longer than 8
weeks is more appropriate to study these end points. Addi-
tionally, for our study, we performed estimations of peak
aerobic capacity, rather than direct measurements of oxy-
gen uptake. Furthermore, we must comment that a standard-
ized traditional exercise or cardiac rehabilitation program
would have been a better control to compare yoga therapy.
This would further clarify that the improvements in markers
of inflammation and exercise capacity were specific to the
yoga therapy intervention.
Conclusion

This study of the effect of yoga on exercise capacity, in-
flammatory markers, and QoL in patients with HF indicates
that yoga in the care of patients with HF may provide a ben-
eficial adjunctive therapy and may be safely included.
Markers of inflammation such as IL-6, hsCRP, and EC-
SOD show a significant improvement with an 8-week
yoga based program in patients with compensated systolic
HF. Larger and longer term studies are needed to further
elucidate mechanisms by which yoga improves inflamma-
tory markers, hemodynamic parameters, patient symptoms,
and quality of life in patients with congestive HF. In addi-
tion, yoga therapy may offer more of a benefit to patients
with HF as compared with conventional forms of exercise.
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