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Introduction
Secondary prevention of myocardial 
infarction  (MI) is associated with reduced 
morbidity and mortality, improvement 
in the quality of life, and longevity.[1,2] 
Cardiac rehabilitation  (CR) is an effective 
intervention for the secondary prevention 
of cardiovascular diseases  (CVDs). CR is 
the process of restoring desirable levels 
of physical, social, and psychological 
functioning after the onset of cardiovascular 
illness.[2,3] Yoga covers most of the 
elements of a comprehensive CR program: 
improved physical fitness, stress reduction, 
and lifestyle improvement.[4] Few clinical 
studies have found an improvement 
in the functioning, quality of life, and 
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Abstract
Aims: The aim of this study was to evaluate the effects of yoga‑based cardiac 
rehabilitation  (Yoga‑CaRe) on the endothelial system, oxidative stress, and inflammatory markers in 
patients with acute myocardial infarction (MI). Methods: A sub‑study was conducted in two clinical 
sites of the Yoga‑CaRe trial  (a multicenter randomized controlled trial). Participants with acute MI 
were randomized and allocated to either the Yoga‑CaRe program  (13 sessions with encouragement 
to home practice) or enhanced standard care  (three educational sessions). Endothelial function, 
oxidative stress, and inflammatory biomarkers were assessed using biomarkers such as asymmetric 
dimethylarginine (ADMA), endothelial nitric oxide synthase (eNOS), endothelin‑1 (ET‑1), E‑selectin, 
P‑selectin, vascular cell adhesion molecule  (VCAM), intercellular cell‑adhesion molecule‑1, 
total nitric oxide concentration  (NOx), oxidized low‑density lipoprotein  (Oxd‑LDL), superoxide 
dismutase, total antioxidant capacity  (TAOC), tumor necrosis factor‑alpha  (TNFα), and C‑reactive 
protein  (CRP) at baseline and 12  weeks. Laboratory and statistical analysis were done by staff 
blinded to group allocation. Results: Eighty‑two patients  (of the 110  patients recruited) completed 
the study. The mean age was 53.1  ±  10.6 and 51.9  ±  10.7  years in enhanced standard care and 
Yoga‑CaRe group, respectively. At 12  weeks, Yoga‑CaRe significantly reduced ADMA, ET‑1, and 
ICMA‑1 than the enhanced standard care group. Although E‑selectin and VCAM at 12  weeks 
were reduced in both groups, enhanced standard care had a significantly higher reduction than the 
Yoga‑CaRe group. Among markers of oxidative stress, TAOC increased in the Yoga‑CaRe group. 
We found no difference in eNOS, NOx, P‑selectin, TNFα, CRP, and Oxd‑LDL between the two 
groups. Conclusion: Yoga‑CaRe improved the endothelial function (through a reduction in ET‑1 and 
modulating adhesion molecules) and enhanced antioxidant capacity.
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cardiovascular risk factors by yoga‑based 
CR programs in patients with coronary 
artery disease.[5‑7] Studies also suggest that 
yoga practice including meditation could 
retard or even regress early and advanced 
coronary atherosclerosis.[5,6] The yoga 
and cardiovascular health trial  (YACHT), 
conducted in the United  Kingdom, 
found no change in the estimated left 
ventricular filling pressure  (E/e′), 6‑min 
walk test, blood pressure  (BP), heart 
rate  (HR), VO2  max, and neuro‑endocrine 
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pathways in patients practicing yoga with and without CR 
following acute coronary events.[8] Yoga‑based cardiac 
rehabilitation  (Yoga‑CaRe) trial, a multicenter randomized 
controlled trial conducted in India, evaluated the effects of 
yoga‑based CR program  (Yoga‑CaRe) on cardiovascular 
events and quality of life. The trial found Yoga‑CaRe to be 
safe and improved the quality of life in patients after acute 
MI significantly. Although improvements in cardiovascular 
events did not reach statistical significance in the 
intention‑to‑treat analysis, post hoc per‑protocol analysis 
found Yoga‑CaRe to be efficacious.[9] However, the precise 
mechanism of the benefit of yoga on CV health in patients 
with coronary artery disease remains to be elucidated.

Vascular inflammation, oxidative stress, and endothelial 
dysfunction are the major triggers for CVDs.[10,11] Vascular 
endothelial integrity is crucial for the maintenance of vascular 
homeostasis and the prevention of atherosclerosis.[12] MI is 
associated with endothelial dysfunction which is evident 
from the impaired flow‑mediated dilatation  (FMD) 
seen in brachial artery ultrasound in patients with MI. 
Studies suggest that endothelial dysfunction predates 
MI and atherosclerosis, but the latter is related to the 
presence and severity of endothelial dysfunction. The 
assessment of endothelial function in both coronary and 
peripheral circulation provides prognostic information on 
cardiovascular events.[13‑15] Endothelial dysfunction appears 
to predict the prognosis of CVDs.[16] We presume that the 
favorable impact of Yoga CaRe on cardiovascular health 
may be through inducing beneficial changes in endothelial 
function, oxidative stress, and inflammation. Hence, in 
this study, we have investigated the effect of yoga‑based 
CR program on endothelial function, oxidative stress, and 
inflammatory markers to explore the underlying mechanism 
of yoga‑based CR program on cardiovascular health in 
patients with acute MI.

Methods
Study design and participants

This is a mechanistic sub‑study of the Yoga‑CaRe trial, a 
multicenter randomized controlled trial where Yoga‑CaRe 
was compared with enhanced usual care, conducted in 
24 hospitals across India.[9] The mechanistic sub‑study 
was conducted in two tertiary care hospitals located in 
South and North India. The study was approved by the 
institutional ethics committees of both the centers as per 
the guidelines  (2006) of the Indian Council of Medical 
Research. Prior informed written consent was obtained 
from patients for participation in the study. The trial was 
conducted between May 2015 and July 2017.

Patients were considered eligible for the study if they 
meet the following criteria  (a) Patients with acute MI 
aged between 18 and 70  years. MI was confirmed by 
WHO’s standard definition  (the presence of ischemia 
symptoms, troponin elevation, and electrocardiographic 

changes). Those who have undergone a revascularization 
procedure during previous or current admission were 
also eligible. Patients referred from other hospitals and 
admitted to the clinical site for diagnostic or therapeutic 
reasons within 14  days of the acute MI were also eligible 
for participation.  (b) Patients willing and able to attend 
the complete hospital‑based Yoga‑CaRe program. Patients 
were excluded if they  (a) were not able to complete the 
study duration and/or cannot come for the follow‑up,  (b) 
regularly practice yoga, i.e.  participants who practice 
more than 3  h of yoga per week, and  (c) have any other 
diseases which limit the life years  <1  year such as severe 
valvular diseases, recurrent ventricular arrhythmias, 
heart failure  (Killip class  IV), cancers, severe aortic 
incompetence, severe atrial fibrillation, end‑stage renal 
diseases, and end‑stage liver diseases. After obtaining the 
written informed consent, patients were randomly assigned 
in a 1:1 ratio to Yoga‑CaRe or enhanced standard care 
group. Randomization was done using the Interactive Web 
Response System after providing the essential details for 
randomization. A  total of 110  patients were recruited for 
the study. Of these, 82  patients  (39 out of 55 in enhanced 
standard care and 43 out of 55 in Yoga‑CaRe) completed 
the 12‑week assessment. Blinding was not possible due to 
the nature of the intervention, although outcome measures 
and statistical analysis were carried out by team members 
who were blinded to group allocation.

The sample size was calculated with a 90% probability that 
the study will detect a treatment difference in endothelial 
marker at a two‑sided 0.05 significance level, if the true 
difference between treatments and standard deviation  (SD) 
was 9 and 12.6 units, respectively. Further, considering a 
dropout rate of 30%, we aimed to recruit a total of 110 
participants (55 per arm) to achieve a total of 42 evaluable 
participants in each group.[17]

Interventions

An intervention of the Yoga‑CaRe program or enhanced 
standard care was received as an adjunct to the usual 
medical care available at the hospital for 3 months. Patients 
of Yoga‑CaRe arm received a Yoga‑CaRe program as an 
adjunct to standard care which was developed through 
a systematic process.[4] The Yoga‑CaRe program was 
delivered for 12  weeks by yoga instructors. These yoga 
teachers were trained for the delivery of the Yoga‑CaRe 
program. The training of the yoga‑CaRe program was 
given in 13 inhospital sessions spread over  12  weeks 
and then encouraged to practice regularly at home using 
an instruction booklet and video in the local language. 
Yoga‑CaRe program included educational advice, 
Pranayama  (controlled slow breathing practices), gentle 
asanas  (maintained stretching exercise), relaxation 
techniques, and meditation. The first two sessions included 
education, pranayama, and meditation which were delivered 
individually and the remainder in groups at the hospital. 
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The duration of each group session was about 75  min. 
Each session was followed by a discussion on lifestyle and 
psychological concerns. The adherence to the Yoga‑CaRe 
program was recorded during every visit of the patients to 
the hospital. Any difficulties faced by the patient regarding 
yoga practice at home were attended with priority and 
clarified by a yoga instructor.

Patients of the enhanced standard care arm received 
standard educational advice in three sessions spread 
over  12  weeks with the help of written instructions. The 
intervention to the enhanced standard care group was 
delivered by a health‑care study team member other than 
the yoga instructor to avoid contamination of the treatment 
arms [Supplementary Tables 1‑4].

Study outcomes

The primary outcome of the study was any change in 
the endothelial function biomarkers after 12  weeks. The 
secondary outcomes were any change in the oxidative 
stress, antioxidant capacity, and inflammatory markers 
between the 12th and 13th week of intervention.

Data collection

Data were collected at baseline and after 12  weeks in the 
morning between 8.00 am to 1.00 pm after a supine rest 
for at least 10  min. BP and HR were measured using a 
digital BP measuring device  (OMRON HEM‑7111). Blood 
samples were collected in plain tubes in the morning after 
overnight fasting. The serum was separated and stored 
at  −70°C for further biochemical investigation. All the 
biochemical analysis was done at one center to minimize 
the variability caused by different processing protocols and 
kits and to maintain a standard protocol. The samples from 
the other center were transferred in dry ice with specialized 
insulated packages as per the standard protocol with 
biosafety measures. The sample analyses were done by a 
staff blinded to group allocation.

Biomarkers of the endothelial system included measurement 
of asymmetric dimethylarginine  (ADMA), endothelial 
nitric oxide synthase  (eNOS), and endothelin‑1  (ET‑1) 
and were assayed by the ELISA method  (Biospes Co. Ltd, 
China). Nitric oxide concentration  (NOx) was measured 
by the kinetic cadmium‑reduction method.[18] Soluble 
E‑selectin, soluble P‑selectin, vascular cell‑adhesion 
molecule  (VCAM), and intercellular cell‑adhesion 
molecule  (ICAM) were assayed by ELISA using kits and 
internal controls from Quantikine (R and D Systems, Inc.). 
High‑sensitivity C‑reactive protein  (hs‑CRP) was assayed 
using kits from BioCheck. Inc. Oxidized low‑density 
lipoprotein  (Oxd‑LDL) was measured as a marker of 
oxidative stress. Antioxidant capacity was determined 
by total antioxidant capacity  (TAOC) and superoxide 
dismutase  (SOD) activity. Oxd‑LDL and TAOC were 
measured by the ELISA technique  (Biospes Co. Ltd., 
China). SOD activity was determined by Marklund and 

Marklund method.[19] Inflammatory markers such as tumor 
necrosis factor‑alpha  (TNFα) and hs‑CRP were measured 
by the ELISA method.

Statistical analysis

The data are expressed as mean ± SD. Gaussian distribution 
was tested using standard normality tests. Between‑group 
differences in baseline demographic, clinical characteristics, 
and treatment profile were examined using Chi‑square 
tests  (categorical variables) and t‑tests  (continuous 
variables). Between‑group intervention effects on the 
changes from baseline to 12  weeks were assessed using 
analysis of variance with the intervention arm as the group 
factor and baseline value as a covariate. All data analyses 
followed the intent‑to‑treat principle where participants were 
included in the intervention arm, they were randomized 
regardless of whether they participated in the intervention 
or not. We explored the effect of adherence on the results 
using the median of the inhospital sessions and home 
practice. All the analyses were done independently by a 
statistician blinded to study groups using Stata. The results 
were interpreted with a significance level of P < 0.05.

Results
Study participants

We recruited 110  patients for this sub‑study between May 
2015 and July 2017. Of these, 82 patients  (39 out of 55 in 
enhanced standard care and 43 out of 55 in Yoga‑CaRe) 
completed the 12‑week assessment [Figure 1]. The mean age 
of the participants was 53.1 ± 10.6 and 51.9 ± 10.7 years in 
enhanced standard care and Yoga‑CaRe group, respectively. 
About 20% of the participants were female  [Table  1]. 
The prevalence of diabetes and hypertension was 18% 
and 13%, respectively. Only 30  patients  (37%) underwent 
angiogram at baseline and among these, only 33% had 
multiple vessel involvement. Most patients were presented 
with ST‑elevation myocardial infarction  (95%). Tobacco 
use was reported by 40% of patients, alcohol use by 27%, 
and physical inactivity by 42% of patients. Almost all 
participants received antiplatelets and statins. At 12 weeks, 
the study group participants attended a median of 9 
inhospital sessions (interquartile range: 7, 13) and practiced 
for 39 min at home (interquartile range: 23, 50).

Markers of vascular endothelial function

Compared to baseline, at the 12‑week follow‑up, ADMA 
decreased in the Yoga‑CaRe group while it was increased in 
the enhanced standard care group; and the between‑group 
difference in change from baseline was statistically 
significant  (−0.44  [95% CI, −0.82–−0.07], P  =  0.02). 
Similarly, the Yoga‑CaRe group demonstrated statistically 
significant higher reductions in ET‑1  (between‑group 
difference: −7.73  [95% CI, −12.19–−3.28], P  =  0.001) 
and ICAM‑1(between‑group difference: −75.47  [95% CI, 
−138.43–−12.51, P = 0.019]) [Table 2].
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Table 1: Baseline characteristics of all analyzed participants
Enhanced standard care (n=39), n/n (%) Yoga‑CaRe (n=43), n/n (%) P

Demography
Age (years), mean (SD) 53.1 (10.6) 51.9 (10.7) 0.63
Female 9/39 (23) 7/43 (16) 0.44
Formal education >10 years 14/39 (36) 15/43 (35) 0.98

Clinical characteristics
Medical history at admission

Coronary artery disease 0/39 (0) 2/43 (5) 0.17
Diabetes mellitus 6/39 (15) 9/43 (21) 0.52
Hypertension 4/39 (10) 7/43 (16) 0.42
Current tobacco use 13/39 (33) 20/43 (47) 0.22
Current alcohol use 7/39 (18) 15/43 (35) 0.08
Physical inactivity 17/39 (44) 17/43 (40) 0.71

Characteristics of MI
Multivessel disease on 
angiography

3/10 (30) 7/20 (35) 0.77

ST‑segment elevation 39/39 (100) 39/43 (91) 0.05
Treatment profile

Management at discharge
Underwent PCI/CABG 10/39 (36) 21/43 (49) 0.03
Antiplatelets 39/39 (100) 43/43 (100) NA
Statins 37/39 (95) 35/43 (81) 0.36
Beta‑blockers 15/39 (38) 24/43 (56) 0.12
ACE inhibitors/ARB 14/39 (36) 27/43 (63) 0.02

PCI: Percutaneous coronary intervention, CABG: Coronary artery bypass graft, ACE: Angiotensin‑converting enzyme, ARB: Angiotensin II 
receptor blockers, Yoga‑CaRe: Yoga‑based cardiac rehabilitation program, SD: Standard deviation, NA: Not available, MI: Myocardial infarction

Assessed for eligibility (n = 253)

Excluded (n = 143)
Not meeting inclusion criteria (n = 141)
Declined to participate (n = 2)

Randomized (n = 110)

Enrollment

Allocation

Follow-Up

Yoga CaRe group
Allocated to intervention (n = 55) 
Received allocated intervention (n = 55)
Did not receive allocated intervention  
(n = 0)

Enhanced standard care group
Allocated to intervention (n = 55)
Received allocated intervention (n = 55)
Did not receive allocated intervention 
(n = 0)

Lost to follow-up (n = 12)
Not reachable (n = 5)
Shifted to other places (n = 2)
Blood samples lost (n = 4)
Consent withdrawal (n = 1)                        
Discontinued intervention (n = 0)

Lost to follow-up (n = 16)
Not reachable (n = 4)
Shifted to other places (n = 3)
Blood samples lost (n = 6)
Consent withdrawal (n = 2)
Discontinued intervention (n = 0)

Analysed (n = 43)
Excluded from analysis (n = 0)

Analysed (n = 39)
Excluded from analysis (n = 0)

Analysis

Figure 1: CONSORT flow diagram
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The biomarkers E‑selectin and VCAM were reduced in 
both groups. However, the reductions were significantly 
higher in the enhanced standard care group than in the 
Yoga‑CaRe group. Although there were favorable changes 
in the Yoga‑CaRe group in the other biomarkers such as 
eNOS, NOx, and P‑Selectin, these differences did not reach 
statistical significance.

Markers of oxidative stress and antioxidant capacity

There was no significant difference in the Oxd‑LDL 
between groups. The TAOC was higher at the 12‑week 
visit in the Yoga‑CaRe group, while it was reduced in the 
enhanced standard care group (between‑group difference: 
0.28  [95% CI, 0.02–0.55, P  =  0.03])  [Table  2]. However, 
there were no improvements in the SOD, the other marker 
of antioxidant capacity.

Markers of inflammation

Although there was an increase in the marker of 
inflammation TNF‑α and reduction in hs‑CRP and in the 
Yoga‑CaRe group, they were not statistically significant 
within and between groups [Table 2].

Effect of adherence to yoga‑based cardiac rehabilitation 
program

Good adherence (≥ median) to inhospital sessions and home 
practice was associated with better improvements in higher 
improvements in ADMA, ET‑1, ICAM1, and TAOC than 
the low adherence group and the enhanced standard care.

Adverse events

There were no adverse events.

Table 2: Effect of Yoga‑based cardiac rehabilitation program on markers of endothelial function, oxidative stress, and 
inflammatory mediators

Outcome Timeline Enhanced 
standard care 
(n=39), n(%)

Yoga‑CaRe 
(n=43), n (%)

Regression coefficient 
(95% CI)#

P†

Markers of endothelial function
ADMA Pre 2.8 (1.6) 2.5 (0.7) −0.44 (−0.82–−0.07) 0.02*

Post 3.0 (1.6) 2.3 (0.7)
eNOS Pre 53.2 (13.5) 60.7 (13.9) 0.16 (−4.74–5.05) 0.95

Post 53.4 (10.0) 57.9 (15.6)
NOx Pre 53.9 (29.0) 52.3 (20.0) 0.61 (−8.19–9.42) 0.89

Post 54.3 (19.5) 54.6 (21.2)
ET1 Pre 36.1 (8.5) 37.0 (15.7) −7.73 (−12.19–−3.28) 0.001**

Post 37.9 (10.5) 30.3 (10.1)
E‑selectin Pre 44.5 (21.7) 52.2 (26.4) 10.76 (1.73–19.8) 0.02*

Post 36.5 (20.9) 48.8 (20.0)
P‑selectin Pre 81.9 (39.4) 90.3 (36.4) 11.87 (−6.07–29.81) 0.19

Post 82.5 (35.0) 93.7 (46.3)
ICAM‑1 Pre 207.1 (138.1) 312.6 (105.7) −75.47 (−12.51–

−138.43)
0.019*

Post 211.6 (156.9) 298.4 (114.1)
VCAM‑1 Pre 711.6 (378.1) 743.9 (355.2) 183.36 (64.15–302.57) 0.003**

Post 493.8 (297.3) 660.1 (251.0)
Markers of oxidative stress and antioxidant capacity

Ox‑LDL Pre 38.1 (11.5) 46.1 (14.6) 0.49 (−4.49–5.47) 0.85
Post 41.2 (14.6) 45.9 (10.7)

SOD Pre 12.7 (5.6) 12.0 (5.8) −1.63 (−4.33–1.08) 0.24
Post 12.0 (6.3) 10.2 (6.3)

TAOC Pre 2.1 (0.9) 1.9 (0.6) 0.28 (0.02–0.55) 0.03*
Post 1.9 (0.8) 2.1 (0.8)

Markers of inflammation
TNF Pre 0.5 (0.4) 0.8 (0.7) −0.23 (−0.94–0.48) 0.52

Post 1.0 (2.0) 0.9 (1.0)
hs‑CRP Pre 12.4 (18.3) 10.5 (22.1) −87.31 (−249.13–74.5) 0.29

Post 73.4 (475.4) 6.0 (11.5)
*Significant, **Very significant, #Coefficients estimated using ANCOVA adjusting for baseline values, †P‑values for ANCOVA estimates. 
ADMA: Asymmetric dimethylarginine, eNOS: Endothelial nitrous oxide synthase, NOx: Total nitric oxide concentration, ET1: Endothelin‑1, 
ICAM‑1: Intercellular Adhesion Molecule 1, VCAM: Vascular cell adhesion molecule 1, Ox‑LDL: Oxidized LDL, SOD: Superoxide 
dismutase, TAOC: Total antioxidant capacity, TNF: Tumor Necrosis Factor, hs‑CRP: High‑sensitive C‑reactive protein, CI: Confidence 
interval
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Discussion
We believe our study is one of the first to investigate the 
effect of yoga‑based CR programs on endothelial function, 
oxidative stress, and inflammation in patients after acute 
MI. A significant reduction in ADMA, ET‑1, and ICAM‑1, 
and enhancement in TAOC in the Yoga‑CaRe group than 
the enhanced standard‑care group was observed, indicating 
an enhancement in improvement in endothelial function 
and antioxidant capacity with Yoga‑CaRe. However, the 
reduction in E‑selectin and VCAM levels was higher in the 
enhanced standard care group than in the Yoga‑CaRe group. 
The Yoga‑CaRe trial, a multicenter randomized controlled 
trial, has shown that the Yoga‑based CR program is safe 
and effective in improving quality of life and returning to 
preinfarct activities after acute MI  (n  =  3959). Incidence 
of major cardiovascular events  (composite of all‑cause 
mortality, MI, stroke, or emergency cardiovascular 
hospitalization) was lower in patients receiving the 
Yoga‑CaRe program than enhanced standard care but was 
statistically insignificant. However, no changes were noted 
in other outcomes such as tobacco cessation and compliance 
with medication.[9] Yoga‑CaRe program is shown as a safe, 
simple, and potentially less expensive alternative model of 
CR. The mechanistic study was conducted to evaluate the 
potential pathways through the Yoga‑CaRe program that 
influence the CVD pathway after acute MI.

The major factors that determine the prognosis of MI 
and secondary prevention of CVDs are endothelial 
function, oxidative stress, vascular inflammation, 
and autonomic function. Normal endothelial function 
is critical for maintaining vascular integrity.[12] The 
endothelium influences vascular tone through the release 
of vasodilators and vasoconstrictors  (nitric oxide, ETs); 
vascular remodeling through growth‑promoting, and 
growth‑inhibiting factors; and vascular hemostasis through 
antiplatelet aggregation, anticoagulant, and fibrinolytic 
effects. Therefore, dysfunction of endothelium not only 
plays a major role in the pathogenesis of atherosclerosis 
and coronary artery disease but also predicts the prognosis 
of CVDs. A  meta‑analysis of observational studies 
examining the association between FMD and future 
cardiovascular events suggested that impairment of brachial 
FMD is significantly associated with future cardiovascular 
events and the relative risk of cardiovascular events per 1% 
increase in brachial FMD was 0.87.[16]

Sivasankaran et  al. assessed the effect of a 6‑week 
program  (1.5  h. three times weekly) of yoga on 
endothelial function in subjects with and without coronary 
artery disease. They found a 69% improvement in 
endothelial‑dependent vasodilation with yoga practice in 
patients with coronary artery disease.[20] While another 
study by Paul Labrador et  al. did not find any change 
in FMD in subjects with coronary artery disease with 
16  weeks of transcendental meditation practice.[21] In 

the present study, there was a significant reduction in 
the ADMA and ET‑1 in patients receiving Yoga‑CaRe 
intervention than enhanced standard care. ADMA is an 
endogenous competitive inhibitor of eNOS. An increase in 
ADMA concentration decreases the production of vascular 
nitric oxide and thus impairs endothelial function.[22] 
Nitric oxide is a potent vasodilator and key molecule of 
endothelium that maintains vascular homeostasis. ADMA 
is positively associated with the severity of endothelial 
dysfunction and atherosclerosis.[22‑25] Elevated levels of 
ADMA independently predict future CV risk, adverse 
cardiovascular events, death, and all‑cause mortality in 
individuals with coronary artery disease.[26‑30] Therefore, the 
reduction in ADMA in the Yoga‑CaRe group indicates an 
improvement in endothelial function and may be attributed 
to the reduction in future CV risk with the Yoga‑CaRe 
program. However, we did not find any change in NOx 
and eNOS activity between the two groups that may be 
because of the administration of statin therapy to all the 
patients which increases the bioavailability of nitric oxide 
by upregulating the activity of eNOS and preventing the 
removal of nitric oxide by reactive oxygen species.[31] 
In our earlier study, we found an enhancement in NOx 
with yoga practice for 3  months in elderly hypertensive 
patients.[31] Recently, a systematic review and meta‑analysis 
by Patil et  al. showed that yoga is safe and effective for 
improving endothelial function.[32]

Further, endothelial dysfunction is characterized by a 
shift in the vasodilator to vasoconstrictor dominance 
resulting in reduced blood flow and poor prognosis after 
MI. The poor clinical outcomes after the MI are linked 
to vasoconstriction of coronary microcirculation by raised 
levels of ET‑1.[33‑35] ET‑1 is a potent vasoconstrictor 
that exerts its effect through the ET‑receptor. It is also 
implicated in reperfusion injury, no‑reflow phenomenon, 
and coronary restenosis after percutaneous transluminal 
coronary angioplasty for acute coronary syndromes. These 
findings indicate that ET‑1 regulates coronary flow in 
atherosclerotic arteries, particularly at stenosis. The raised 
level of ET‑1 not only mediates coronary vasoconstriction, 
but is also involved in smooth muscle cell proliferation, 
platelet aggregation, and increased expression of adhesion 
molecules, leading to the promotion of atherogenesis, 
lesion growth, and coronary thrombosis.[36] Blockade of 
ET receptors was shown to cause vasodilation in patients 
with coronary artery disease[37] and after angioplasty[35,38] 
and increase long‑term survival in experimental animals 
after MI.[39] These reports suggest that strategies that 
reduce ET‑1 levels and inhibit its action may prevent 
coronary vasoconstriction and improve myocardial 
perfusion resulting in better prognosis after MI and 
angioplasty.[36] In the present study, there was a highly 
significant reduction in ET‑1 concentration with 12 weeks 
of the Yoga‑CaRe program in patients after MI, suggesting 
that the Yoga‑CaRe program mimics ET‑receptor blockers. 
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Thus, the reduction in ET‑1 levels with the Yoga‑CaRe 
program may be attributed to the improvement in the 
clinical outcomes in patients of the Yoga‑CaRe group 
after MI.

Oxidative stress and vascular inflammation have been 
implicated in the development of endothelial dysfunction. 
Further, Ox‑LDL is shown to induce ET‑1 production in 
endothelial cells and human macrophages. Our current 
study has shown significant enhancement in TAOC in 
Yoga‑CaRe group patients, but there was no change in 
oxidant levels. The enhancement in antioxidant defense 
with the Yoga‑CaRe program may be because of less 
utilization of antioxidants due to decreased oxidative stress. 
We also estimated endothelial cell adhesion molecules and 
inflammatory markers. We found a significant reduction 
in ICAM in patients of the Yoga‑CaRe group, whereas 
VCAM and E‑selectin were reduced in the patients of 
both groups, the reduction was higher with enhanced 
standard care than in the Yoga‑CaRe program. This mixed 
result may reflect a play of chance indicating the need for 
evaluation with larger sample size. Our findings suggest 
that the Yoga‑CaRe program can restore normal endothelial 
function after MI. Further, our findings reinforced the 
yogic concept that yoga is a conscious process of gaining 
voluntary control over involuntary functions including 
the cardiovascular system at both gross and cellular 
levels through influencing the mind by physical postures, 
breath control, meditation, and control of diet. Moreover, 
the long‑term benefits of yoga on cardiovascular health 
may be explained through favorable modifications at the 
molecular level in endothelial cells.

Strengths and limitations of the study

This is the first RCT reporting on the effects of yoga‑based 
CR on the endothelial system and its mechanism 
underlying the favorable benefits of yoga on the heart after 
MI. A  multicenter, parallel‑arm, open‑label, randomized 
controlled trial with end‑point blinding design and unbiased 
statistical methods for data analysis are the key strengths of 
the methodology of this study.

Despite being well‑designed and conducted, the study 
has few limitations. First, the study participants were 
relatively young with a fewer female population, lower 
rates of diabetes, hypertension  (<20%), and multivessel 
involvement compared to real‑world scenarios. This 
restricts the applicability of results to patients after acute 
AMI with a relatively high‑risk profile. However, these are 
like most CR trials. Second, the attrition rate was relatively 
high. One‑third of the patients randomized did not 
provide postintervention blood samples  (samples from ten 
participants were inadequate for analysis or hemolyzed). 
However, the loss to follow‑up and the inadequate samples 
were distributed equally between the two groups. The small 
sample size is a common limitation in yoga trials reported 
elsewhere in India and worldwide.

Conclusion
Yoga‑CaRe improved endothelial function and antioxidant 
capacity in patients after acute MI. The most highly 
significant finding was a reduction in ET‑1 concentration 
with 12  weeks of the Yoga‑CaRe program in patients 
after MI, suggesting that the action of the Yoga‑CaRe 
program mimics ET‑receptor blockers. Thus, our results 
strengthen the concept of a novel therapeutic strategy of 
targeting a reduction in ET‑1 for improving the prognosis 
after MI.
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Supplementary Table 2: Yoga‑based cardiac 
rehabilitation program intervention session plan

Week Session Intervention program
1 1 Educational session
3 2 Pranayam, relaxation and meditation techniques
5 3 and 4 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
6 5 and 6 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
7 7 and 8 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
8 9 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
9 10 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
10 11 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
11 12 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
12 13 Health rejuvenating exercises, asanas, 

pranayam, relaxation, and meditation techniques
13 14 Group session ‑ discussion on long‑term 

maintenance of Yoga, dietary, and lifestyle 
changes at home

Supplementary Table 1: The four phases of the Yoga‑based cardiac rehabilitation program
Phase Week after heart attack Type of care
I

Inpatient care 1 (session 1) Individual face‑to‑face session‑ education
II

Formal outpatient session‑ I 3 (session 2) Individual face‑to‑face session‑ Yoga
III

Formal outpatient 
session‑ II

5–7 (sessions 3–8; twice/week)*
8–12 (sessions 9–13; once/week)*

Face‑to‑face group session‑ Yoga and education
(in addition, self‑practice of Yoga at home during the rest of 
the week using the Yoga‑CaRe program booklet and DVD)

IV
Long‑term maintenance of 
Yoga, dietary, and lifestyle 
changes at home

13+ Self‑practice of Yoga at home almost daily using the 
Yoga‑CaRe program booklet and DVD; and maintenance of 
dietary and lifestyle changes

*Self‑supervised sessions with audiovisual material at home, 5–7 times per week. Yoga‑CaRe: Yoga‑based cardiac rehabilitation program. 
DVD: Digital Video Disc



Supplementary Table 3: Components of Yoga‑based cardiac rehabilitation program intervention
Intervention component Practices
Health rejuvenating exercises Shoulder exercises 

Chest exercises 
Abdomen exercises

Yogic poses (asana)
Standing poses

Core poses Kati‑chakrasana (waist wheel pose) 
Tadasana (palm tree pose) 
Urdhva‑hastottanasana (up stretched arms pose)

Elective poses Ardhakati‑Chakrasana (lateral arc pose) 
Trikonasana (triangle pose)

Sitting poses
Core poses Gomukhasana (cow face pose) 

Janushirsasana (head on the knee pose) 
Vakrasana (twisted pose)

Elective poses Ardha‑padmasana (half lotus pose) 
Vajrasana (adamant pose)

Lying poses
Core poses Ekpadottanasana (half‑leg raise pose) 

Naukasana (boat pose) 
Ardha‑pavanamuktasana (wind releasing pose)

Elective poses Markatasana (monkey pose) 
Merudandasana (spinal cord pose)

Breath control exercises (Pranayama)
Core breath control exercises Anulom vilom/nadishodhana pranayama (without kumbhak) (alternate nostril breathing) 

Bhramari pranayama (bee breathing) 
Ujjayi pranayama (loud breathing)

Elective breath control exercises Sitali pranayama (tongue hissing) 
Sitkari pranayama (teeth hissing)

Meditation (dhyana) and relaxation practices
Core meditation and relaxation practices Chanting 

Mindfulness meditation 
Shavasana (relaxation training)

Elective meditation and relaxation 
practices

Dirghasvasa preksha (perception of deep breathing) 
Antaranga trataka (internal concentrated gazing)



Supplementary Table 4: Details of yoga‑based cardiac rehabilitation program intervention
Health rejuvenating exercises/asana/pranayam/
meditation and relaxation techniques

Procedure

Shoulder exercises Stand erect. Keep your arms by your sides, with your fists closed. While inhaling, 
raise your shoulders up. While exhaling, bring them down. Repeat this four times
Stand erect. Keep your arms by your sides, with your fists closed. Rotate your 
shoulders from back to front, and then from front to back. Repeat this four times
Stand erect. Bend your arms with fingers touching the shoulders. While inhaling, 
rotate your arms from forward to backward. While exhaling, rotate them from 
backward to forward. Repeat this four times

Chest exercises Stand erect. Bend your arms. Bring your palms to the chest, with middle fingers 
meeting at the middle of your chest. While inhaling, extend the left arm. While 
exhaling, bring your arm back to the initial position. While inhaling, extend the right 
arm. While exhaling, bring your arm back to the initial position. While inhaling, 
extend both the arms. While exhaling, bring both arms back to the initial position. 
Repeat this sequence four times

Abdomen exercises Stand erect. Keep your arms in front of the thighs. While inhaling, raise your left arm to 
touch the ear. While exhaling, bring the arm down. While inhaling, raise your right arm to 
touch the ear. While exhaling, bring the arm down. While inhaling, raise both the arms to 
touch your ears. While exhaling, bring the arms down. Repeat this sequence four times
Stand erect. Look straight ahead and become fully aware of your breath. Place 
your hands on the abdomen. On slow inhalation, feel the navel going out. On slow 
exhalation, feel the navel going in. Repeat this four times
Stand erect. Look straight ahead and become fully aware of your breath. Place your 
hands on the abdomen. On quick inhalation, feel the navel going out. On quick 
exhalation, you should feel the navel going in. Repeat this four times
Stand erect. Look ahead at the ground about 200 cm in front of your toes. Become 
fully aware of your breath. Place your hands on the abdomen. Inhale and exhale 
quickly. Repeat this four times

Kati‑chakrasana Stand erect. Look straight ahead. Keep your hands on the waist, with thumbs in front 
and other fingers at the back. Bend 30° forward. Inhale and exhale quickly. Repeat 
this four times. Inhale and return to your initial position. Exhale
Stand erect with your feet about shoulder‑width apart. Knees should be straight. 
Place your right hand on the left shoulder, and your left hand behind resting on the 
left waist. Inhale. While exhaling, rotate your trunk and head toward the left side 
as much as possible. Do not bend your neck forward. Maintain the final position 
for about 10 s–1 min, depending on your capacity. Inhale. While exhaling, return to 
your initial position. Relax. Repeat this on the opposite side

Tadasana Stand erect with your feet about 15 cm apart. Raise your arms to the shoulder level. 
Then, further, raise your arms to the ears and simultaneously raise your heels. 
Interlock your fingers on the top. Stretch the whole body as much as possible. 
Maintain the final position for about 10 s–1 min, depending on your capacity. Come 
back in the reverse order. Initially, you may find balancing on your toes difficult, but 
you will achieve this with practice

Urdhva‑hastottanasana Stand erect with your feet about 15 cm apart. Interlock your fingers and raise the 
arms. Look straight ahead. Drop down to the left, bending from the waist. Try to 
get as low as possible so that your arms are parallel to the floor. Maintain the final 
position for about 10 s–1 min, depending on your capacity. Come back to the center. 
Repeat this on the opposite side

Ardhakati‑Chakrasana Stand erect with your feet slightly apart. Keep your hands on the sides of your 
respective thighs with fingers close together. Look straight ahead. While inhaling, 
raise the right arm to the shoulder level with your palm inward. Then, turn your 
palm upward, raise your hand and bring the inside of your upper arm close to the 
right ear. While exhaling, bend your trunk, head, and right hand sideways to the 
left. While bending, slide the left palm down your left thigh until it reaches the left 
knee. Maintain the final position for about 10 s–1 min, depending on your capacity. 
While inhaling, return back till the right hand comes straight above the head. While 
exhaling, lower the right arm to the side, turn the palm inward at the shoulder level, 
and bring the hand further down. Repeat this on the opposite side

Contd...



Supplementary Table 4: Contd...
Health rejuvenating exercises/asana/pranayam/
meditation and relaxation techniques

Procedure

Trikonasana Stand erect with your feet 100 cm apart. Raise your arms sideways to the shoulder 
level. Slowly lean to the right, and try to bring your right hand close to the right toe. 
Your arms should be in one straight line. Your left hand should point upward. Turn 
the head upward and gaze at your left hand. Maintain the final position for about 10 
s–1 min, depending on your capacity. Come back in the reverse order. Repeat this on 
the opposite side

Gomukhasana Sit with both legs straight in front. Bend the right leg and keep it below the left leg. 
Place the right heel by the side of your left hip. Bend the left leg and place the left 
heel by the side of your right hip. Adjust your knees so that they are directly one 
above the other. Place the left hand behind your back, and the right hand above 
your shoulder. Bend your right hand at the elbow, and reach for the left‑hand 
fingers. Interlock your left and right‑hand fingers. If you are not able to interlock 
your fingers, keep your hands at the back. Keep your back and neck straight. Look 
forward and close your eyes. Maintain the final position for about 10 s–1 min, 
depending on your capacity. Come back in the reverse order. Repeat this on the 
opposite side

Janushirsasana Sit with both legs straight in front. Bend your right leg at the knee and bring your 
right heel against the left groin. While inhaling, raise your arms. While exhaling, 
move forward and try to hold the left foot with your hands. If you are not able to 
hold the left foot, try to hold your left ankle. Maintain the final position for about 10 
s–1 min, depending on your capacity. While returning to your initial position, raise 
your hands on inhalation and bring them down on exhalation. Repeat this on the 
opposite side

Vakrasana Sit with both legs straight in front. Bend your right leg and place your right foot 
next to the left knee. Keep the spine straight and twist your waist toward the right 
side. Keep your right palm behind the spine. Look behind. Bring the left arm near to 
your right knee and hold the right big toe. If you are not able to hold your toe, hold 
your right knee. Maintain the final position for about 10 s–1 min, depending on your 
capacity. Come back in the reverse order. Repeat this on the opposite side

Ardha‑padmasana Sit with both legs straight in front. Fold the left leg and place the left foot on top 
of your right thigh. Without straining, try to place the heel of your left leg as near 
as possible to the abdomen. Fold your right leg. Adjust your body to a comfortable 
position. Keep your back, neck, and head straight. Place the hands on your knees. 
Close your eyes and relax your body. Maintain the final position for about 10 
s–1 min, depending on your capacity. Come back to your initial position. Repeat this 
on the opposite side

Vajrasana Sit with both legs straight in front. Fold your right leg and place the right heel under 
the right buttock. Similarly, place the left heel under the left buttock. Place the hands 
on your knees. Relax your arms and the whole body. Maintain the final position for 
about 10 s–1 min, depending on your capacity. Come back to your initial position

Ekpadottanasana Lie in the supine position. Bring the feet together. Keep your palms close to the 
thighs. While inhaling, raise your right leg to make an angle of 60° with the ground, 
slightly bending your right knee. You may hold your thigh with your hands or 
use a towel to support your leg. Maintain the final position for about 10 s–1 min, 
depending on your capacity. Feel the strain in your legs and your abdomen. Do not 
tense your neck or face at all. While exhaling, bring your leg down to the initial 
position. Repeat this on the opposite side

Naukasana Lie in the supine position. Bring the feet together. Keep your hands by the side of 
your body, and your palms on the ground. Bring your heels close to your hips. Raise 
your right leg to make an angle of 60° with the ground. Hold the right leg with your 
right hand. Raise your left leg to make an angle of 60° with the ground. Hold the left 
leg with your left hand. Gently raise your head, neck, and trunk. Maintain the final 
position for about 10 s–1 min, depending on your capacity. Come out of this pose 
before you feel any pain in your abdomen. Come back in the reverse order

Contd...



Supplementary Table 4: Contd...
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Ardha‑pavanamuktasana Lie in the supine position. Bring the feet together. Bend your right leg, and bring the 
thigh and knee as near as possible to the chest. The other leg should remain straight. 
Place your hands over the knee and interlock your fingers. Gently pull the knee 
nearer to the chest. Keep your back and head on the floor. Maintain the final position 
for about 10 s–1 min, depending on your capacity. Come back to your initial 
position. Repeat this on the opposite side

Markatasana Lie in the supine position. Bring the feet together. Stretch your arms to the sides. 
Keep your palms up. Fold your legs and keep them near your hips. Turn your knees 
toward the right side, and rest your right knee on the ground, your left knee on your 
right knee, and your left ankle on your right ankle. Keep your shoulders on the 
floor. Gently turn your neck to the left side. Maintain the final position for about 10 
s–1 min, depending on your capacity. Come back to your initial position. Repeat this 
on the opposite side

Merudandasana Take the supine pose. Bring the feet together. Stretch your arms to the sides. Keep 
your palms down. Bend your right leg, and place the right foot on your left knee. 
Gently twist the spine. Try to drop your right knee on the opposite side floor as much 
as possible. Keep your shoulders on the floor. Gently turn your neck to the right side. 
Maintain the final position for about 10 s–1 min, depending on your capacity. Come 
back to your initial position. Repeat this on the opposite side

Anulomvilom/nadishodhana pranayama Sit in any comfortable pose or on a chair with your spine erect. Fold the index and 
middle fingers of your right hand. Close your eyes. Use your thumb and ring finger 
to practice this Pranayama. Close the right nostril with your thumb. Inhale slowly 
and completely through your left nostril. Close the left nostril with your ring finger. 
Open your right nostril, and exhale slowly and completely through it. Inhale through 
the right nostril. Close the right nostril with your thumb. Open your left nostril, and 
exhale slowly and completely through it. Try to keep the time of exhalation longer 
than inhalation. This constitutes one round of Nadishodhana

Bhramari pranayama Sit in any comfortable pose or on a chair with your spine erect. Close your ears with 
your respective thumbs. Place your index fingers at the top of your eyebrows, close 
your eyes with your middle fingers, place your ring fingers on the sides of your nose, 
and your little fingers on the corners of your lips. Press all these points softly. Inhale 
deeply through your nose. Keep the mouth closed. Breathe out slowly producing a 
long continuous humming sound like a bee. Exhalation should be slow and long

Ujjayi pranayama Sit in any comfortable pose or on a chair with your spine erect. Keep your hands on 
the knees. Close your eyes. Try to contract the inside of your throat after bending the 
neck a little. Inhale slowly through both nostrils, producing a hissing sound in such 
a way that its touch is felt from the throat to the chest. Exhale gently through both 
nostrils

Sitali pranayama Sit in any comfortable pose or on a chair with your spine erect. Keep your hands 
on the knees. Close your eyes. Roll the tongue into a “U” shape, with the tip just 
outside of your lips. Inhale deeply through the rolled tongue. Exhale slowly through 
both nostrils

Sitkari pranayama Sit in any comfortable pose or on a chair with your spine erect. Keep your hands on 
the knees. Close your eyes. Fold the tongue so that the tip of your tongue touches 
the upper palate. You may keep the two rows of teeth in contact. Inhale through your 
mouth with a hissing sound. Exhale slowly through both the nostrils. Continue this 
practice for 5 min

Chanting Sit in any comfortable pose or on a chair with your spine erect. Keep your hands on 
the knees. Close your eyes. Relax your body. Inhale slowly and deeply through your 
nose. While exhaling, chant “M” loudly and prolonged with lips closed. A deep, 
long, continuous, and steady sound should vibrate all over the body. Do not push 
your breath beyond the comfort point

Mindfulness meditation Sit in any comfortable pose or on a chair with your spine erect. Keep your hands on 
the knees. Close your eyes. Relax your body. Concentrate and feel‑ “The blockage in 
the arteries of my heart is opening. The blood circulation is getting normal”
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Shavasana Lie in the supine position. Keep your spine and neck straight, without any stiffness. 
Close your eyes
Focus your complete attention on each part of your body one by one. Allow that 
particular part to relax, and feel it getting relaxed
Relax your right big toe, and then relax your other right toes, right sole, right heel, 
right ankle, right calf muscle, right knee, right thigh, and right buttock. Now, relax 
your left big toe, then relax your other left toes, left sole, left heel, left ankle, left calf 
muscle, left knee, left thigh and left buttock. Relax your legs completely
Relax your lower back, and then relax your middle back, upper back, lower 
abdomen, upper abdomen, and chest. Relax your trunk completely
Relax your right‑hand fingers, and then relax your right palm, right wrist, right 
forearm, right elbow, right arm, and right shoulder. Now, relax your left‑hand 
fingers, and then relax your left palm, left wrist, left forearm, left elbow, left arm, 
and left shoulder. Relax your arms completely
Relax your neck, throat, chin, jaws, lips, tongue, mouth, cheeks, nose, eyes, ears, 
temples, forehead, and scalp. Relax your neck and head completely
Perceive your whole body, and feel it physically and mentally relaxed. If there is 
stiffness in any part of your body, then relax that particular part. Feel that your whole 
body is completely relaxed. Maintain this state for a few min
To finish this meditation and relaxation practice, each and every part of your body 
needs to be charged with positive energy‑ start with your legs, then move on to the 
back of your trunk, abdomen, chest, arms, neck, face, and scalp. Feel your body get 
completely energized. Take three long breaths. Turn to your right side, put your right 
elbow below your neck and slowly sit up

Dirghasvasapreksha Lie in the supine position. Keep your spine and neck straight, without any stiffness. 
Close your eyes. Relax all the muscles of your body and let them become limp
Regulate your breathing and make it slow, deep, and rhythmic. Inhalation and 
exhalation should be performed knowingly. Exclude all thoughts and sensations. If 
you find yourself getting distracted, gently return your attention to your breath
Focus your attention on the navel, and become fully aware of the expansion of 
your abdomen with inhalation and contraction of your abdomen with exhalation. 
Continue this for a few min
Now, shift your attention from the navel and focus it on the junction of your nostrils. 
Each and every inhalation and exhalation needs to be perceived, that is, each and 
every breath needs to be watched and felt. Continue this for a few min
To finish this meditation and relaxation, take three long breaths. Turn to your right 
side, put your right elbow below your neck and slowly sit up

Antarangatrataka Sit in any comfortable pose or on a chair with your spine erect. Keep your hands on 
the knees. Close your eyes. Relax your body. Try to visualize a point of light such as 
a full moon in the dark sky. Concentrate on the object. Try to see the object clearly 
and steadily in the dark space, in front of your closed eyes


