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Figure 2. Forest plots of body mass index, systolic blood pressure, low-density lipoprotein, and high-density lipoprotein cholesterol
results. Negative mean differences between groups favor the yoga intervention, positive mean differences favor control.
CAD: coronary artery disease; Cl: confidence interval; CVD: cardiovascular disease; SD: standard deviation.
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Figure 2. Continued.
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Figure 3. Forest plots of yoga versus physical exercise results for body weight, systolic blood pressure, diastolic blood pressure, and

heart rate.
Cl: confidence interval; SD: standard deviation.

reductions changed only slightly (online Supplementary
Table S2).

Publication bias

Funnel plots assessing publication bias of the primary
outcomes are shown in online Supplementary Figure
S3. As the funnel plots are mostly symmetrical, we do
not find evidence of strong publication bias.

Discussion

The review shows that the practice of yoga may be bene-
ficial to managing and improving risk factors associated

with CVD and metabolic syndrome. This finding, how-
ever, should be cautiously interpreted as the RCTs
included were of limited sample size, heterogeneous, and
had unclear or high risk of bias on several domains. When
trials were pooled, all but two of the outcomes examined
in this review showed improvement after a yoga interven-
tion when compared to non-exercise controls.
Compared to traditional aerobic exercise controls,
there was no significant difference in how exercise or
yoga changed risk factors, suggesting similar effective-
ness of the two forms of physical activity and possibly
similar underlying mechanisms. The mechanism behind
the therapeutic effect of yoga for CVD is still unclear;
studies have suggested that yoga may modulate
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autonomic function and beneficially alter markers of
sympathetic ~and  parasympathetic  activity.!*#
Through practicing yoga, the effects of stress can be
reduced, leading to positive impacts on neuroendocrine
status, metabolic and cardio-vagal function, and related
inflammatory responses.'?'* The similarity in effective-
ness on risk factors between the two forms of exercise
suggest that there could be comparable working mech-
anisms, with some possible physiological acrobic benefits
occurring with yoga practice, and some stress-reducing,
relaxation effect occurring with aerobic exercise.

This review helps strengthen the evidence base for
yoga as a potentially effective therapy for cardiovascu-
lar and metabolic health. Our results support earlier
reviews on the positive benefits of yoga on primary
and secondary prevention of CVD and metabolic syn-
drome. !+13:1872022.50.57 Ty gystematic reviews that
were recently published find that there is some evidence
for yoga having favorable effects on CVD risk fac-
tors.’®> One review, conducted by the Cochrane
Collaboration, included 11 trials with its more restrict-
ive inclusion criteria and found significant improve-
ment in DBP, TG, and HDL.*® The second review,
with broad inclusion criteria and a wider list of out-
comes, included 44 trials and found that yoga improves
SBP, DBP, heart rate, respiratory rate, waist circumfer-
ence, waist/hip ratio, TC, HDL, very low density lipo-
protein, HbAlc, and insulin resistance.”® All studies
find that published RCTs on yoga are small, of short
duration, and heterogeneous, precluding any strong
conclusions on the effectiveness of yoga.

Yoga may provide the same benefits in risk fac-
tor reduction as traditional physical activity such as
cycling or brisk walking, supporting a previous narra-
tive review.”> This finding is significant as individ-
uals who cannot or prefer not to perform traditional
aerobic exercise might still achieve similar benefits in
CVD risk reduction. Evidence supports yoga’s accessi-
bility and acceptability to patients with lower physical
tolerance like those with pre-existing cardiac condi-
tions, the elderly, or those with musculoskeletal or
joint pain.®®

Lastly, in addition to CVD risk factor improve-
ments, other benefits may result from practicing yoga.
For example, yoga may provide health-related quality
of life improvements such as reductions in stress and
anxiety and better coping mechanisms distinct from
other forms of exercise. Yoga may also be practiced
in a variety of settings with no special equipment
needed, potentially increasing the frequency and ease
of practice. These benefits may produce greater willing-
ness to engage in a form of physical activity and better
adherence and sustainability, ultimately facilitating
greater long-term individual- and population-level
CVD and metabolic risk reductions.

Limitations

There are potential limitations of this review. First, we
included only English language articles and articles
published in peer-reviewed journals. Second, several
outcomes are related to cardiovascular and metabolic
health; we focused on the major risk factors and surro-
gate markers for these conditions, as they are predictive
of CVD risk* and concrete outcomes such as cardiac
death and myocardial infarction were not reported in
the RCTs. As with all RCTs, findings are applicable to
the patient population in which the study was con-
ducted and wide generalizations should be avoided.

There was a great deal of heterogeneity across
included studies. Because part of the appeal and feasi-
bility of yoga is the customizability of the practice to
individual practitioners, a wide variety of yoga inter-
ventions, frequencies and lengths of practice and
follow-up were included. To deal with some of this vari-
ation, we used random effects in the meta-analysis and
divided patient populations into subgroups. Although
F values did drop within subgroups compared to over-
all, heterogeneity was still present. As more studies are
undertaken and published, further division by yoga
tradition, duration of follow-up, and other factors
can be performed.

Lastly, study quality and assessment could be
improved. Many studies had small sample sizes and did
not fully report all methods and outcomes, leading to
high or unclear ratings in the risk of bias on several
domains. On a related note, although the Cochrane
Risk of Bias tool is widely used and applicable, the def-
initions and structure of the rating system can lead to
inaccurate estimation of study quality. For example,
blinding of participants is not possible in RCTs,
automatically leading to a high bias rating in the ‘per-
formance bias’ domain, which assesses blinding of par-
ticipants and personnel. Study quality could thus be
underestimated in many cases. Nevertheless, more com-
plete reporting of methodology and outcomes by authors
can help enhance the usefulness and rigor of the trials.

Future research directions

Despite the growing evidence on the health implications
of yoga, the physiological mechanisms behind the
observed clinical effects of yoga on cardiovascular
risk remains unclear. Inquiries into the minimum effect-
ive dose of yoga and the dose-response relationship can
help elucidate yoga’s potential as a medical therapy.
Research is also still lacking on the costs and economic
implications; more research can be done comparing the
relative costs and benefits of yoga versus traditional
methods like exercise or medication. Yoga has the
potential to be a cost-effective treatment and
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prevention strategy given its low cost, lack of expensive
equipment or technology, potential greater adherence,
health-related quality of life improvements, and pos-
sible accessibility to larger segments of the population.

Conclusion

Our review finds emerging evidence to support a role
for yoga in improving common modifiable risk factors
of CVD and metabolic syndrome. Whereas previous
reviews have looked at a single or a few risk factors,
our review updates the existing literature and encom-
passes numerous CVD and metabolic risk factors that
can be used to calculate overall CVD risk. We believe
that these findings have important implications for the
acceptance of yoga as an effective therapeutic interven-
tion. Given the growing popularity of yoga in the US
and around the world, there is a need for larger rando-
mized controlled studies that meet explicit, high quality
methodological standards to ascertain the effects of
yoga. This review demonstrates the potential of yoga
to have an impact on concrete, physiological outcomes
that represent some of the greatest health burdens
today.
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