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Abstract: Coronary artery disease carries a high morbidity and mortality worldwide, and
exercise-based cardiac rehabilitation programmes play a large role in secondary prevention.
Exercise-based rehabilitation programmes are expensive, and in certain subgroups uptake is
poor. Yoga has been suggested to show improvements in cardiovascular health which would
support its use in cardiac rehabilitation programmes. We carried out a review of current
randomized controlled trials to determine if yoga-based cardiac rehabilitation leads to
reduced cardiac risk factors, and improved physiological and psychological outcomes in
patients with coronary artery disease compared to standard care. Six randomized controlled
studies were identified after a medical database search, and meta-analysis was carried out for
the different outcomes. Overall, the addition of yoga to standard care resulted in improved
subjective feeling of cardiac health and quality of life. There was also a trend towards
improvement in left ventricular systolic function. Improvement in cardiac risk factors,
MACE and psychological health in this cohort has still to be proven, but was not inferior
to standard or enhanced care, and the benefits became more pronounced at longer follow-up.
Future studies with longer follow-up and larger patient numbers would aid in accurately
assessing the long-term benefit of yoga-based rehabilitation.
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Introduction
Cardiovascular disease is the number one cause of death globally, accountable for
an estimated 31% of annual deaths.! Coronary artery disease is the most common
form of heart disease with an estimated global prevalence of 126.5 million and an
incidence of 10.6 million; in the UK it was primarily responsible for 311,519
hospital admissions and 64,132 deaths in 2018.°

Following a coronary event, patients are more likely to have further events;
while interventional and pharmacological therapies are often necessary, risk factor
modification plays a crucial role in secondary prevention. Exercise-based cardiac
rehabilitation (CR) is an established evidence-based programme that has been
shown to reduce cardiovascular mortality and hospitalization, and improve physio-
logical and psychological well-being in patients with cardiovascular disease.® In CR
physical activity is not undertaken in isolation, but as part of a comprehensive
recovery programme including healthy eating, smoking cessation, medication
adherence and stress management. Aerobic exercise reduces cardiovascular risk
factors such as sedentary lifestyle, obesity and hypertension as well as promoting
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myocardial perfusion and decreasing myocardial oxygen
demand. A total of 111 countries around the world offer
exercise-base cardiac rehabilitation for patients with
ischemic heart disease, with its use being a class 1 recom-
mendation in both European and American guidelines.*®
Traditionally aerobic exercise is used for CR; however,
different forms of exercise have been trialled to improve
CR uptake and enable tele-based CR and look at lower-
cost programmes.

Yoga combines physical poses with breath control and
meditation as a form of exercise and weight loss pro-
gramme. It has been successfully used in other rehabilita-
tion programmes, such as adjunctive therapy in pulmonary
rehab programmes for COPD and heart failure where it
was shown to improve peak oxygen consumption and
quality of life.”® It has also been shown to be of benefit
in multiple other conditions such as anxiety and depression
and chronic pain, and has even been suggested as a pre-
ventative strategy for COVID-19."'! The majority of stu-
dies looking at yoga-rehab in cardiovascular disease have
been carried out in India, where the practice is more
prevalent, and a low-cost model would improve availabil-
ity and the familiarity is hoped to promote uptake. In
countries with higher income and more developed rehabi-
litation programmes it was felt it may encourage participa-
tion in certain subgroups such as women, the elderly and
those with low income who traditionally have poor uptake
of conventional CR.

The randomized controlled trial data available at pre-
sent have not produced a unified conclusion on the benefits
of yoga-based rehabilitation; this is in part due to the
heterogeneous nature of the studies, examining different
patient groups, comparators and outcomes. This lack of
consistency makes it difficult to determine its use in clin-
ical practice. We carried out a review of current rando-
mized controlled trials to discuss the evidence of yoga-
based cardiac rehabilitation and to consider if it improves
physiological and psychological outcomes in patients fol-
lowing acute coronary disease compared to standard care.

Methods
Search Strategy

Studies were identified from searching Cochrane online
Library, PubMed, Medline, EMCARE and CINAHL data-
bases from inception to 23/08/2021 using search terms for
“yoga” and “cardiovascular disease” or “coronary artery
disease”. The initial searches were supplemented by hand-

searching the reference and citation lists of identified stu-
dies. Published studies from all years were included.

Eligibility Criteria

Studies were included if they looked at impact on cardio-
vascular outcomes of yoga-based cardiac rehabilitation
compared to standard care for patients with acute coronary
syndrome (ACS), following percutaneous coronary inter-
vention or coronary artery bypass (CABG), or stable
angina pectoris. Comparator could be standard care for
that institution, which may only be health education
advice, or a comprehensive cardiac rehabilitation pro-
gramme. A minimum follow-up of 3 months was required.
Only randomized controlled trials were included. Studies
published in languages other than English were excluded.

Outcomes

Studies were included if they looked at the effect of the
intervention on cardiovascular risk factors, physiological
or psychological outcomes. This included: heart rate varia-
bility, blood pressure, body weight, lipid profile, glucose
levels, echocardiography and self-reported measures of
cardiac function, QOL, or anxiety or depression-focused
questionnaires.

Analysis

Narrative and statistical analysis was carried out. Meta-
analysis was carried out using Review Manager (RevMan)
Version 5.4.1, The Cochrane
Collaboration, 2020. Parameters from the studies were

[Computer program],

compared using inverse variance (IV) with a fixed effect
model. The effect measure was analysed using standard
mean difference to allow for different methods of mea-
surement with 95% confidence intervals. Study correspon-
dents were contacted for raw data if these were not
available, and the studies were included if correspondents
returned the relevant data.

Results

Our search yielded 571 unique studies; after review of title
and abstract 13 studies were identified to meet eligibility
criteria.

We identified 13 published studies that assessed out-
comes in patients undergoing the addition of a yoga-based
CR compared to conventional rehabilitation programmes.
A total of 558 were excluded after screening of abstracts
and titles. Following full analysis, a further 7 were
excluded, and 6 were included in the review as seen in
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Figure 1. No studies were excluded for low quality. An
overview of the 6 studies can be seen in Table 1.

The trials are heterogeneous; they vary in size, patient
population, primary outcomes and duration of follow-up.
The trial with the longest follow-up and largest numbers
(Prabhakaran et al) studied MACE and patient behaviour
following acute MI but did not look at risk factors and
LVEF.'? One study only looked at patients post-CABG
(Raghuram et al), and one study only looked at MI patients
receiving medical therapy (Sharma et al), which is not
reflective of current practice.'>'* Control group interven-
tion also varied between studies ranging from purely phar-
macological intervention to comprehensive exercise-based
programmes. There were high numbers screened out in the

studies, and dropout rates varied from 40% to almost
nothing (Sharma et al). This does make drawing definitive
conclusions difficult. We discuss the evidence from the
studies on yoga’s impact on cardiovascular risk, cardiac
function, MACE and psychological health.

Effect on Cardiovascular Risk Factors
The RCTs looked at a variety of cardiovascular risk factors
to see if the addition of yoga improved physiological and
biochemical parameters.

Raghuram et al showed a statistically significant dif-
ference in reduction in BMI (reduction of 7.32% vs
1.22%; p=0.001) in patients who underwent a yoga-based

571 studies identified following
database search

0 studies identified
following hand search

558 studies excluded
after screening

programme compared to standard exercise-based
13 studies undergoing
full article review
7 excluded:

-2 conference abstracts

-2 abstracts only
-1 follow up <1 month

- 2 publications of same trial

6 studies included in
the review

Figure | PRISMA flowchart of literature search.

Vascular Health and Risk Management 2021:17

781

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dove

Bruce et al

£0°0=4 uoissaudsq-SAvH
'0=d Asixuy-sQvH
£6'0=d 2Ane3u-SYNVd
70°0=4 2An1s0d-SYNVd
T1°0=4 s5d

£0°0=d 1Q7TA Ie30L
$£°0=d 1Q7 1oL
£€00°0=94 1QH [e0L
£0°0=d sapl1a24|311 |e30]
_w.oua |0Ja3s9|oyd |e10|
(8£00=9) £7< INg

YIIM 3sOy3 Ul SSO| JySIom
Ul 92uaJaYIp uedIUBIS
*[043U0D Ul %4 SA

Jeak | 1B %ES 01 %/ 4ANT

%E€S> 43A7 YIm asoys
ut (100°0=9) dno.sg e8oL

SVNWd

‘SSd
‘uoissaidaq-savH
“KR1xuy-SavH
:8uliods [eidojoisAyd

u paoaduwl JAT Yauow-g | a|yo.d pidr
'sdnoJ8 usamiaq | asodn|3 poojq Sunseq syuow 2.3uad
9OUBIBYIP OU YIM 4IA] IWg TI ‘sysuow o) swuwe.3o.d (1z1:621) 9j3us e
ul Juswanoadwl |[B19AQ FETN 9 ‘S99M 9 | Paseq-as|Uaxa Yuow-g | eSoA yauow-g | 05T 0av>D eipul | $10C weanySey
Aianoe 1oJeul-aud o)
6£0°0=9 uJniau pariodau-yas sypuows
AuAnoe 1ouejur-aud 01 uamay YoM 7| Ie 9| uelpaw (paseg-asiduaxa |[e 30U
7000=d 15-Qs-03 | 15-Qs-O3 8uisn TOD ‘sypuow ng ‘a1s uo uapuadap) awuweagoud | (6861:0L61) a.ausdn|Ny e
1+'0=d 3DVIW IOV 9 wnuwiulpy SJed> pJepuels pasueyuy HP9M-T| ayeD-edog 656¢ SOV BIPUl | 0CTOT | Uet®eyqeld
01°0=9 (nu) Jamod 30|
§00°0=d (zsw)
Jamod Aouanbauy-ysiH SEEIN
S9Ipul UlRWOp €] ‘SpPam (paseg-asipuaxa | 1dun(pe se qeya. deipJed aauadn|Nn}y L)
-own U1 adudlaylp ON | AljiqeleA ajed deda €38 913 30U) a.ed puEpUEIS paseq-eBok pam-z| |  (0¥'6€) 6L IW - SOV epul | 610 ®slyD
$0'0>d IIe daa
pue 4gs “4H Ul uondnpay SUOISS3S |BUOIIBINPD
uonouny Areuow|nd d9d Pue dgs “YH usWinealy |+ syluow ¢ Joj awisad EXIER)
ur JuswaAoadw [ednspels ‘uopouny Aseuowjng sypuows ¢ [eJIpaW [BUONIUSAUOCY) e304 Ajiep aanuiw-g9 (ov:ov) 08 avD 2|qes | 9jBus Bpul | §1OT | [B 30 ABpEL
(e3))
sjusned
j0
S3|Ns9yY | SvUnsesly awod3NQ dn-mojjo4 |oa3uod uoBusAIJU| JaquinN | ad4)] jusneq uoiyed0T | Jeap Apmg

3JeD) JO PJEpUBIS SNSUSA YD) paseg-e30) I8 SupjooT S[ell] Pd||0JiucD) paziwopury | d|qer

Vascular Health and Risk Management 2021:17

https:

782

Dove!


https://www.dovepress.com
https://www.dovepress.com

Bruce et al

Dove

+aunssaud poojq d1jo1shs 4gs oyl jo A

nb 100 !a[es 129y 2ANESSN| PUB 2ANISO ‘SYNVd ‘3[BIS SS3.41G PIAIRIID] ‘SSd 918 1IBY “YH ‘UONDJBJUI [eIpJed0AW ‘|| ‘2udjeAinba dijogelsw ‘| | {sIudAd

JBIpJBD 3SJSAPE JofeW ‘JDW|N ‘UONOUNYSAP 21|0ISAS JBINDLIUSA Y| ‘QSAT {UONDEI) UONRDAID JBINDLIIUSA Y3| YIAT 9|edS Suney AIXuy uoljiweH ‘v-|WWH 94025 uoissaudeq pue Asixuy [eadsoH ‘sqyH ‘@4nssaud poojq dijoiselp 4dgq
Xapu| sNIEIS AUARDY N ‘|SYQ UONEI[IqRYS. JBIpJed ‘YD 9[edS uoissaudaq delpJeD) ‘s ‘aseasip AJolie AJeuolod ‘QyD el ssedAq Ausiie AIeuodod ‘HgyD Xapul ssew Apoq ‘||\g DWOJPUAS AJeUO.IOD 9INdE ‘SHY [SUOIIBIASIGQY

11:0=d sSd

9:0=4 Je3°WowIayy
paleJ-jes As-O3

0'1=4d smeis Yeay gs-0O3
8'0=d 2403s AjAnde

[ed1sAyd [euoneusalu| 100 swwes3oud
8'0=d YH 8unsay ajyoud poojq qeyaJ deIpJed SHN
9'0=d dgq 3unsoy H N pJepuels — jo.nuoy
5'0=d 4gs Sunsay dd swuwe.3o.d
£°0=d 1AMIW9 1MIW9 pJepuels 03 sasse|d eSoA CRIERT T IN]
¥'0=d 23 | (3/3) sainssa.d Buyy sypuow ¢ YD paseq-asioaaxg | g| Ised) Ik jo uonppy | (S€:57) 09 SOV N | 610T | &3 UL
(1000>9) sao
uoissaidap pue A1vIXUe puy V-WVH :uoissaudap
(100'0>9) pue Aweixuy
100 uruawaroadw | 13 PUE ISYA 10D
auedyudis A|ednsnels 1aH
saUnseaw [ed1WaYd0Iq “1a1 ‘|o4s1s9j0yd ASAT Ym
ul 2UBJAYIP ON ‘sap1IadA[S1iy IW pa3eurw 2.3u2d
(8170=9) [e30] :jediwaydolg (poseq-asiaaxa 1oun(pe qeysJ deipJed Ajlea1paly 9j3us LEE)
43A7 ul ddUdIayip oN 43A1 S{puow ¢ 30U) 243 p.EpUElg paseq-e80A >eam-g | (e€:€€) 99 —-avo BIpUl | 0CTOC BuLIRYS

783

https:

Vascular Health and Risk Management 2021:17

Dove:


https://www.dovepress.com
https://www.dovepress.com

Bruce et al

Dove

rehabilitation.'? Yadav showed a statistically significant
reduction in heart rate and both systolic and diastolic
blood pressure when compared to solely pharmacological
treatment.'> The only non-Indian based study was carried
out in the UK by Tillin et al, who found no significant
difference in the physiological cardiovascular risk factors
they analysed: ambulatory, resting and exertional blood
pressure, resting heart rate, BMI, waist:hip ratio, percen-
tage body fat mass and peak VO,.'® At three months the
ambulatory blood pressure in the intervention group went
from an average day ambulatory systolic pressure of
115 mmHg to 113 mmHg and in the control group
113 mmHg to 112 mmHg (p=0.5). Meta-analysis of weight
and systolic blood pressure favours yoga (Figures 2 and 3).

Three studies looked at biochemical factors associated
with increased cardiovascular risk: blood glucose levels
and lipid profile. Raghuram et al saw a non-statistically
significant trend towards better glycemic control in the
yoga group. There was a statistically significant change
from baseline for those with poor control at 1 year
(»=0.008 in baseline fasting blood glucose >100 mg/dL

Yoga-based rehab Standard Care

Std. Mean Difference

and p=0.003 in baseline >200 mg/dL); however, it was not
statistically significant in comparison to the control group
(»=0.41 and 0.032, respectively). Tillin et al similarly did
not find any statistically significant difference in blood
glucose levels (0.05 mmol/L; CI —0.23 to 0.33; p=0.7).
Meta-analysis again shows no statistically significant dif-
ference (Figure 4).

Raghuram et al, Tillin et al and Sharma et al looked at
lipid profiles in the participants. Tillin et al and Sharma
et al both found no statistically significant difference in
triglycerides, total cholesterol, HDL and LDL levels at 3
months. Raghuram et al looked at the difference at base-
line and following 1 year which showed a statistically
significant reduction in total triglycerides (p=0.03), total
HDL (p=0.003) and total VLDL (p=0.03). No significant
difference was seen in total cholesterol or total LDL
between groups, though in patients with a high baseline
LDL (=100 mg/dL) there was significant reduction in the
yoga group compared to control. Tillin et al and Sharma
et al did not carry out subgroup analysis. Meta-analysis of
the levels most important in cardiovascular disease risk

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95% CI
Raghuram 2014 (13) 2393 256 129 2493 346 121 80.9% -0.33[-0.58, -0.08] 2014
Tillin 2019 (16) 276 0.64 25 275 06 35 19.1% 0.16 [-0.35, 0.67] 2019 I I
Total (95% CI) 154 156 100.0% -0.24 [-0.46, -0.01] P
ity 2 = - - .12 = 649 t + + +
Heterogeneity: Chi? = 2.81, df = 1 (P = 0.09); I> = 64% 3 05 0 05 1

Test for overall effect: Z =2.06 (P = 0.04)

Figure 2 Meta-analysis of body mass index.

Favours yoga Favours standard care

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value; df, degree of freedom.

Yoga-based rehab Standard Care

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Yadav 2015 (15) 126.6  14.2 40 13263 64 40 58.0% -0.54 [-0.99, -0.10] 2015 —ii—

Tillin 2019 (16) 127  7.65 35 122 9.06 25 42.0% 0.60[0.07, 1.12] 2019 —

Total (95% CI) 75 65 100.0% -0.06 [-0.40, 0.28]

Heterogeneity: Chi? = 10.50, df = 1 (P = 0.001); I = 90% 2 1 o 1 2

Test for overall effect: Z=0.37 (P =0.71)

Figure 3 Meta-analysis of systolic blood pressure.

Favours yoga Favours standard care

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value; df, degree of freedom.

Yoga-based rehab Standard care

Std.

Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Raghuram 2014 (13) 119.5 45.64 129 124.02 4649 121 81.9% -0.10 [-0.35, 0.15] 2014 I

Tillin 2019 (16) 578 0.41 25 5.68 0.45 31 18.1% 0.23 [-0.30, 0.76] 2019 - 1 =

Total (95% ClI) 154 152 100.0% -0.04 [-0.26, 0.19] ’

Heterogeneity: Chi? = 1.20, df = 1 (P = 0.27); I = 16% t t t t t

Test f Il effect: Z = 0.34 (P = 0.73 - 0.5 0 0.5 !
est for overall effect: Z = 0.34 (P = 0.73) Favours yoga Favours standard care

Figure 4 Meta-analysis of blood glucose levels.

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value; df, degree of freedom.
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Yoga-base rehab Standard care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95% CI
Raghuram 2014 (13) 14257 62.9 129 15528 57.98 121 81.8% -0.21 [-0.46, 0.04] 2014 B
Tillin 2019 (16) 111 024 25 11 0.27 31 18.2% 0.04 [-0.49, 0.57] 2019 -~
Total (95% Cl) 154 152 100.0% -0.16 [-0.39, 0.06] -
iy Chi2 = - - .12 = 09 + + + +
Heterogeneity: Chi? = 0.69, df = 1 (P = 0.40); I2= 0% B 05 0 05 1

Test for overall effect: Z=1.43 (P =0.15)

Figure 5 Meta-analysis of blood triglyceride levels.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value;

Favours yoga Favours standard care

df, degree of freedom.

Yoga-based rehab Standard care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Raghuram 2014 (13)  163.04 38.01 129 167.43 389 121 81.9% -0.11[-0.36, 0.13] 2014 —
Tillin 2019 (16) 33 029 25 3.36 0.31 31 18.1% -0.20 [-0.72, 0.33] 2019 I
Total (95% Cl) 154 152 100.0% -0.13 [-0.35, 0.10] q
Heterogeneity: Chiz = 0.08, df =1 (P = 0.78); I2= 0% _’1 _0:‘5 o 0?5 %

Test for overall effect: Z=1.12 (P = 0.26)

Figure 6 Meta-analysis of blood total cholesterol levels.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value;

Yoga-based rehab Standard care Std.

Favours yoga Favours standard care

df, degree of freedom.

Mean Difference Std. Mean Difference

Heterogeneity: Chi?=0.12, df =1 (P = 0.73); = 0%

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year 1V, Fixed, 95% CI
Raghuram 2014 (13)  96.61 29.51 129 98.77 3353 121 81.9% -0.07 [-0.32,0.18] 2014
Tillin 2019 (16) 176 027 25 1.81 0.3 31 18.1% -0.17 [-0.70, 0.36] 2019
Total (95% CI) 154 152 100.0% -0.09 [-0.31, 0.14] 4
0

Test for overall effect: Z=0.76 (P = 0.45)

Figure 7 Meta-analysis of blood LDL levels.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value;

management showed a non-statistically significant trend
favouring the yoga group (Figures 5-7). The baseline
mean values for triglyceride, total cholesterol and fasting
sugar level were higher in the Indian cohort studied in
Raghuram et al than the UK cohort studied in Tillin et al.

Improvement in Cardiac Function

Changes in cardiac function have been looked at using
clinical patient-reported measures and measurements of
left ventricular ejection fraction (LVEF) and diastolic
function on echocardiogram.

Clinical measures of improvement in cardiac function
were looked at in three studies. Sharma et al used the Duke
Activity Status Index (DASI) and derived metabolic
equivalents from these self-administered functional scores
to determine patient-perceived improvement in cardiac
function and found those who underwent the yoga-based
programme had significantly better scores at 3 months than
a control group (p<0.001). Prabhakaran et al also found a
modest improvement in self-reported return to pre-infarct
activity (88.3 vs 87.0; p=0.039) in the Yoga-CaRe group.

05 05 1
Favours yoga Favours standard care

df, degree of freedom.

However, a similar questionnaire administered by Tillin
et al (The International Physical Activity Questionnaire)
showed no subjective improvement in perceived cardiac
function between groups (p=0.8).

Christa et al published data in 2019 which compared
heart rate variability following acute MI in patients who
underwent their 12-week yoga programme compared to
standard care which did not include an exercise-based
rehabilitation regime.'” They found that in patients under-
going optimal medical therapy with standard education
advice, the addition of yoga interventions improved para-
sympathetic activity and overall cardiac autonomic tone.

Two studies looked at LVEF after yoga-based rehabi-
litation. Raghuram et al found that improvement in LV
systolic function was significant after CABG regardless of
exercise regime with no overall difference between
groups. However, in patients with reduced systolic func-
tion at baseline (defined as <53%) there was a more sig-
nificant improvement in those who underwent yoga rehab
at 1 year. In the yoga group mean LV ejection fraction
went from 47% to 53%, while in the control group it only
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Yoga-based rehab Standard care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Raghuram 2014 (13) 55.91 5.21 89 5412 6.84 76  56.7% 0.30[-0.01, 0.60] 2014 —
Tillin 2019 (16) 54 24.23 25 54 2717 35 20.4% 0.00 [-0.51, 0.51] 2019

Sharma 2020 (14) 5253 8.32 33 509 859 33 23.0%

Total (95% CI) 147 144
Heterogeneity: Chi? = 0.95, df = 2 (P = 0.62); 1= 0%
Test for overall effect: Z=1.79 (P = 0.07)

100.0%

Figure 8 Meta-analysis of left ventricular ejection fraction.

0.19[-0.29, 0.67] 2020 R e
0.21 [-0.02, 0.44] -
1 0.5 0 05 1

Favours standard care Favours yoga

Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value; df, degree of freedom.

improved to 49% (p=0.02). This study excluded patients
with EF <30% so it is not possible to comment if those
with more severe LV dysfunction would have further
benefit from a low aerobic exercise programme. Sharma
et al did not find a difference in LV function between the
groups (this may be due to the follow-up being limited to 3
months), and the divergence was only seen after 6 months
in the study by Raghuram et al. Meta-analysis did not
show a statistically significant difference (Figure 8).
Tillin looked at left ventricular diastolic function which
was found to improve in both groups with no statistically
significant difference seen in the yoga group (p=0.04).

Reduction in MACE

Prabhakaran et al is the only randomized controlled trial
that has looked at the reduction in MACE after yoga-based
intervention. The Yoga-CaRe programme, carried out in
multiple centres in India, included personalized yoga exer-
cises, breathing control, meditation and relaxation exer-
cises delivered by qualified yoga teachers aided by
instruction booklets and training videos, which was fol-
lowed by discussion of lifestyle and psychosocial con-
cerns. The enhanced standard care programme included 3
sessions of educational advice but did not routinely offer
an exercise programme.

They looked at occurrence of major adverse cardiovas-
cular event (MACE) during follow-up, which was a com-
posite of any cause death, non-fatal MI, non-fatal CVA or
emergency cardiovascular hospitalization. The study was
initially powered to detect a 20% reduction in MACE;
however, it required a change to MACE criteria to include
emergency cardiovascular hospitalization mid-trial to
achieve higher event rates, but remained underpowered
for the composite endpoint.

Between August 2014 to March 2018, they screened
6737 and enrolled 3959, and patients were well matched at
baseline. They underwent median follow-up duration of

21.6 months, with MACE occurring in 6.7% of Yoga-
CaRe and 7.4% of standard enhanced care, with a hazard
ratio of 0.9 (95% CI 0.71-1.15).

No statistically significant difference was seen in total
MACE; separate MACE events were analysed, and a
reduction in cardiovascular hospitalization was seen in
the Yoga-CaRe group, but this was underpowered.
Patient subgroups whose hazard ratio for MACE statisti-
cally favoured Yoga-CaRe were those with previous cor-
onary artery disease (0.49; 95% CI 0.29-0.81) and who
did not have diabetes (0.65; 95% CI 0.47-0.91).

Improvement in Psychological Health

Many studies have reported the benefits of yoga on psy-
chological health by itself and within cardiovascular
conditions."""'"® Four of the RCTs looked at patient-
health.
Sharma et al reported a significant reduction in scoring

reported scoring systems for psychological
for the Cardiac Depression Scale (CDS) and Hamilton
Anxiety Rating Scale (HAM-A), both with p<0.001.
Prabhakhan et al, likewise, found their OQL questionnaire
(EQ-5D-5L) results in favour of the yoga group at 12
weeks with 77 points versus 75.7, and base-adjusted
mean in favour of Yoga-CaRe with 1.50 (95% CI 0.53—
2.48; p=0.002). Raghuram et al found an improvement in
self-reported markers for depression, anxiety and stress in
the yoga group; however, this was not statistically signifi-
cantly different when compared to the control group. In
their study the only area in which yoga was statistically
significantly better than control was the increase in posi-
tive affectivity of the intervention on the rest of the
patient’s life (PANAS p=0.02). Tillin et al, however, did
not find any difference between groups in their standar-
dized QOL questionnaire (EQ-5D-3L) and perceived stress
score scale. Meta-analysis of perceived stress score carried
out in the studies by Raghuram et al and Tillin et al was
found to favour yoga (Figure 9).
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Yoga-based rehab Standard care Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Raghuram 2014 (13) 15.54 4.5 129 16.75 43 121 81.7% -0.27 [-0.52, -0.02] 2014
Tillin 2019 (16) 147 421 25 172 491 34 18.3% -0.53 [-1.06, -0.01] 2019 -
Total (95% CI) 154 155 100.0% -0.32 [-0.55, -0.10] e
ity: Chi2 = = = - 12=09 t + t +
Heterogeneity: Chi? = 0.76, df = 1 (P = 0.38); I? = 0% B 05 0 05 1

Test for overall effect: Z = 2.80 (P = 0.005)

Figure 9 Meta-analysis of patient-perceived stress levels.
Abbreviations: SD, standard deviation; Cl, confidence interval; IV, information value;

Improvement in Health Behaviours
Prabhakhan et al's was the only study to document health
behaviours between groups and found no difference
between the high rates of medication adherence and
tobacco cessation. This probably reflects the effects of
the educational sessions in both programmes and the
patient selection cohort; patients unlikely to complete the
rehabilitation programme were excluded from the study.
No difference in adherence to the exercise programme was
seen based on age or sex of participant, once enrolled in
the study.

Adverse Events
There was no increase in adverse or safety events in the
yoga arms noted in any of the studies discussed.

Discussion
Yoga-based cardiac rehabilitation involves less aerobic
activity than conventional exercise-based rehabilitation
programmes in Europe. However, yoga-rehab still main-
tains the fundamental principles of cardiac rehabilitation: a
structured exercise programme, which improves functional
capacity in a safe environment with psychosocial support
and promotion of health behaviours to reduce cardiovas-
cular disease. In previous reports yoga has been found to
improve cardiovascular health by reducing risk factors
such as hypertension, heart rate variability, abdominal
obesity, insulin resistance and hyperlipidemia.'® In com-
parison to other lifestyle interventions, yoga was found to
have the largest reduction on 10-year cardiovascular risk
(16.7%)."°

On review of the 6 RCTs looking at yoga-based cardiac
rehabilitation in coronary artery disease, there is not
resounding consensus on the benefits of yoga, with the
limitation of the current evidence, as documented, hamper-
ing interpretation.

One study found a reduction in patient weight, but
another study looking at multiple cardiac risk factors
found no significant difference between weight or any

Favours yoga Favours standard care

df, degree of freedom.

other parameter. This could be due to the small patient
numbers in that study as meta-analysis does favour yoga.
No statistically significant difference was seen between
biochemical risks factor in studies with 3-month follow-
up, but at 1 year Raghuram et al found reduction in total
triglycerides, HDL and VLDL. Meta-analysis did favour
yoga for reduction of triglycerides, total cholesterol and
LDL, though without statistical significance and differing
baselines and patient cohort. Most of the studies, apart
from Tillin et al, reported a subjective improvement in
cardiac function. An objective improvement on echocar-
diogram was only seen at 1 year and limited to those with
reduced function at baseline. The improvement reported at
1 year was a 6% increase in ejection fraction. Ejection
fraction on echocardiography is not exact and cannot be
said to be reproducible, with many accreditation services
now suggesting ejection fraction be given as a range. In
the one study that looked at MACE there was no statisti-
cally significant improvement with yoga, and unfortu-
nately it was unpowered for the primary outcome and
subgroup analysis. Of the studies which looked at psycho-
logical health, 50% reported an improvement in patients in
the yoga groups, and meta-analysis showed that the inclu-
sion of yoga improved perceived stress scores.

There is a small number of studies with differing find-
ings, which we think in this case reflects the heterogeneous
populations studied. There is little agreement between
inclusion criteria in the studies: some looked at patients
after elective CABG, some after acute MI; some included
only those with LV systolic dysfunction, and others those
with normal function; some studies were predominantly on
males; others looked at different ethnicities with different
baseline characteristics; in some, follow-up was 3 months,
and in others 1 year. Often divergence in outcome was
seen later in the 1-year studies, so the 3-month follow-up
period is likely too short. Furthermore, most of the studies
are small, and this makes drawing definite conclusions
difficult. The largest study was that by Prabhakhan et al,
having almost 4000 patients. However, this still was
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underpowered, and requiring the inclusion of further
MACE events mid-way through the trial, which reflects
how difficult it is to recruit sufficient patients to find
statistical significance.

Multiple different outcomes have been looked at in
these studies, but without some degree of standardized
repetition it is difficult to determine the validity of results.
The majority of studies were carried out in India, which
makes it difficult to generalize the findings to other popu-
lations; this is reflected in the differing baseline character-
istics between Raghuram et al and Tillin et al. In the only
UK-based study the loss to follow-up in the yoga group
was significantly higher than in the normal cardiac rehab
group (37.5% vs 12.5%, respectively). This was in a small
sample size (40 initial participants in the yoga arm); it was
documented in the study as an unwillingness to continue
with the yoga classes. From the studies there does not
appear to have been increased participation in the under-
represented subgroups at conventional rehab, namely
women and the elderly. Indeed, Prabhakhan et al docu-
mented a reluctance to recruit the women and the elderly,
and in all studies there was a male predominance.

Previous research into barriers of cardiac rehabilitation
in low- and middle-income countries reported patient,
physician and systemic factors including lack of resources
and affordability, and lack of patient and physician
engagement in rehabilitation programmes.”® The costs
associated with a yoga-based programme are significantly
less than conventional cardiac rehabilitation due to the
reduced equipment and locus of classes as well as being
more accessible in continents such as Asia where the
practice is already widespread.

Conclusion

Overall, the studies support that the addition of yoga to
rehabilitation programmes improves the subjective feeling
of cardiac health and quality of life. There was also a trend
towards an improvement in left ventricular systolic func-
tion in those who started with an impaired function.
Improvement in cardiac risk factors, MACE and psycho-
logical health in this cohort has still to be proven, but was
not inferior to standard or enhanced care, and the benefits
became more pronounced at longer follow-up.

Patients who underwent yoga-based cardiac rehabilita-
tion showed improvement from baseline in multiple
domains, and while not proven to be superior, yoga-
based cardiac rehabilitation might be a suitable alternative
rehab, especially in communities where engagement is

likely to be better and where patients are therefore likely
to persevere beyond the initial programme. It could also be
considered as a low-cost alternative where infrastructure
and recruitment of the MDT may be challenging or where
distance to facilities is a barrier to treatment.

The benefits in autonomic function may also be important
in other areas of cardiac rehabilitation, most notably in the
setting of heart failure. Future studies with longer follow-up
and larger patient numbers would aid in accurately assessing
the long-term benefit of yoga-based rehabilitation.
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