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Objectives: This systematic review aimed to synthesize the content, structure, and
delivery characteristics of effective yoga interventions used for managing hypertension
and to compare these characteristics with ineffective interventions.

Design and Method: The JBI and the PRISMA guidelines were followed in this
systematic review. RCTs conducted among hypertensive adults were included. RCTs
reporting at least one of the major components of yoga (i.e., asana, pranayama,
and dhyana and relaxation practices) and comparing them with no intervention or
any intervention were eligible. Sixteen databases were searched for published and
unpublished studies without any date and language restrictions till March 15, 2021.

Results: The literature search yielded 13,130 records. 34 RCTs (evaluating 38 yoga
interventions) met the inclusion criteria. Overall, included studies had low methodological
quality mostly due to inadequate reporting. Yoga reduced SBP and DBP compared to
a control intervention (MD —6.49 and —2.78; 95CI% —8.94— —4.04 and —4.11- —1.45,
respectively). Eighteen, 14 and 20 interventions were effective in improving SBP, DBP,
or either, respectively. 13 out of 20 effective interventions incorporated all the 3 major
components of yoga and allocated similar durations to each component whereas
ineffective interventions were more focused on the asana and duration of asana practice
was longer. The most common duration and frequency of effective interventions were
45 min/session (in 5 interventions), 7 days/week (in 5 interventions), and 12 weeks
(in 11 interventions) whereas the most common session frequency was 2 days a
week (in 7 interventions) in ineffective interventions. Effective interventions were mostly
center-based (in 15 interventions) and supervised (in 16 interventions) and this was similar
with ineffective interventions.

Conclusion: Despite the low quality and heterogeneity of included studies,
our findings suggest yoga interventions may effectively manage hypertension. The
differences between the effective and ineffective interventions suggest that effective
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Yoga Interventions for Managing Hypertension

yoga interventions mostly incorporated asana, pranayama, and dhyana and relaxation
practices and they had a balance between these three components and included regular
practice. They were mostly delivered in a center and under supervision. Future studies
should consider developing and evaluating an intervention for managing hypertension
using the synthesized findings of the effective interventions in this review.

Systematic Review Registration: [PROSPERQ], identifier [CRD42019139404].

Keywords: hypertension, management, yoga, systematic review, meta-analysis

INTRODUCTION

The number of people with hypertension in the world has
significantly increased in the last four decades (1). Current
estimates suggest that the global prevalence of hypertension
is around one billion (1). If this trend continues, by 2025,
~1.56 billion people aged over 20 years are expected to
have hypertension (2, 3). Hypertension has a close link
with serious health problems such as cardiovascular disease,
cerebrovascular disease, and kidney disease; therefore, it
is considered a significant global threat (4). Hypertension
also imposes a great economic burden (5); including both
direct medical costs for hypertension treatment and the
costs of comorbidities attributable to hypertension and
indirect costs such as productivity loss due to absence from
work (6).

Hypertension is characterized by consistently high arterial
blood pressure, and the International Society of Hypertension
and the American Society of Hypertension (ISH/ASH) classifies
hypertension into three stages as prehypertension (SBP: 120-
139 mmHg, DBP: 80-89 mmHg), stage 1 hypertension (SBP:
140-59 mmHg, DBP: 90-99 mmHg) and stage 2 hypertension
(SBP >160, DBP >100 mmHg) (7). Current hypertension
management strategies aim to reduce blood pressure and include
lifestyle modification, mainly dietary changes, physical activity,
and stress reduction, in addition to pharmacological treatment
(8). The current hypertension management strategies achieved
a substantial improvement in the awareness, diagnosis, and
management of hypertension (1). However, the World Health
Organization (WHO) 2013 report emphasized the importance
of ‘thinking outside the box’ for creative ways to further
improve the management of hypertension (9). Yoga, as a non-
pharmacological intervention, could be one such additional way
to further improve the management of hypertension.

Yoga, ancient Indian philosophy and way of life, originated
in the Indian subcontinent over 5,000 years ago and is being
used as a method of improving health and wellbeing (10). There
are different branches of yoga, each with a different emphasis
on and approach to practice; Hatha yoga, an overarching term
for physically-based yoga styles such as Iyengar, Asthanga,
and Vinyasa, is the most commonly practiced style (11-13).
Yoga, as explained by Patanjali, has eight components which
are ethical standards (yama), self-discipline (niyama), yogic
poses (asana), breathing practices (pranayama), withdrawal of
the senses (pratyahara), concentration (dharana), meditation

(dhyana) and relaxation practices, and transcendence (samadhi)
(14, 15).

The beneficial effects of yoga on hypertension may occur
through its blood pressure-lowering effect (11), as well as its
effects on physical activity, stress reduction, and lifestyle (16—
19). The exact mechanism of yoga for lowering blood pressure is
not known yet but proposed physiological mechanisms include
an increase in parasympathetic activity, possibly due to vagal
stimulation, the suppression of the hypothalamic-pituitary-
adrenal axis, and reduction in the activity and reactivity of the
sympathetic nervous system (20-23). Yoga, as physical activity,
can satisfy the recommended levels of physical activity for people
with hypertension. For example, one study found that an hour of
Ashtanga yoga satisfies the moderate levels of physical intensity
(16) and another study found that 1.5 h of Vinyasa yoga is higher
than moderate physical activity requirements (24). 2020 ISH
Global Hypertension Practice Guidelines also suggest yoga as an
aerobic form of physical activity under lifestyle modification (8).
Yoga has been shown to improve stress levels (18, 25), which is
associated with high blood pressure (8). In addition, yoga focuses
on a healthier and mindful lifestyle, which supports people for a
healthier diet, and abstinence from smoking and alcohol (26-28).

Several systematic reviews have evaluated and synthesized
evidence on the effectiveness of yoga interventions for managing
hypertension (10, 20, 29-35). Previous reviews showed that yoga
interventions significantly reduced SBP and DBP (10, 32, 33). Six
of these reviews, despite claiming to include studies conducted
on patients with hypertension and yoga interventions, included
studies where not all the participants were hypertensive (10, 29,
30, 34), yoga interventions were part of multimodal interventions
(10, 29, 35) or interventions other than yoga were assessed
(30, 33). In addition, though these systematic reviews suggested
that yoga might be effective in hypertension management, they
were inconclusive. It is also hard to select one yoga intervention
over the other because of their heterogeneous content, structure,
and delivery characteristics, which are important aspects of yoga
interventions. To evaluate yoga’s effectiveness, there is a need to
summarize and synthesize potentially effective aspects of yoga
interventions. Only one systematic review (29), described the
content and structure of yoga interventions used in each study;
however, this review did not synthesize these aspects of effective
interventions. Thus, the objective of this systematic review was to
synthesize the content, structure, and delivery characteristics of
effective yoga interventions used for managing hypertension and
to compare these characteristics with ineffective interventions.
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MATERIALS AND METHODS

This systematic review was conducted in accordance with the
JBI methodology for systematic reviews of effectiveness and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (36, 37). The systematic
review protocol has been published elsewhere (38) and it
was registered with PROSPERO (CRD42019139404). Two
independent reviewers were involved throughout the process
and any disagreements arising between reviewers were resolved
through discussion. If consensus was not reached, a third
reviewer was involved.

Inclusion Criteria

Population

This systematic review included studies conducted among
adults (>18 years) diagnosed with hypertension. The
International Society of Hypertension and the American
Society of Hypertension (ISH/ASH) classifies hypertension
into three stages: prehypertension (SBP: 120-139 mmHg, DBP:
80-89 mmHg), stage 1 hypertension (SBP: 140-59 mmHg,
DBP: 90-99 mmHg) and stage 2 hypertension (SBP >160, DBP
>100 mmHg) (7). Studies in line with this classification were
eligible. In accordance with the ISH/ASH guideline, studies
conducted among participants with isolated systolic or diastolic
hypertension were also eligible. A study that included adults
and non-adults was included if the participants’ mean age was
>18 and results were stratified by age so that relevant data could
be extracted.

Intervention

Studies reporting at least one of the major components of yoga
(i.e., asana, pranayama, and dhyana and relaxation practice) were
included. Studies on multimodal interventions that included
yoga among others were excluded if the relevant data were not
possible to extract. Studies were excluded if they did not explicitly
label the intervention as yoga. Studies examining acute effects of
yoga interventions on SBP and/or DBP following a single session
were included as well as long-term studies.

Comparator

Studies comparing yoga interventions with no intervention,
sham intervention, any non-pharmaceutical intervention (such
as diet, exercise, or yoga), or pharmaceutical intervention (such as
antihypertensive drugs) were included in this systematic review.
Studies allowing co-interventions were included (i.e., studies
allowing participants to continue their individual treatment were
included as long as all the eligible study groups were allowed to
do so).

Outcome
This systematic review included studies that assessed SBP and
DBP as outcomes.

Study Design

Only RCTs were included in this systematic review.

Data Sources and Search Strategy

Studies were identified using a three-step search strategy. First, an
initial limited search was conducted in the MEDLINE database
using keywords such as yoga, hypertension, and RCT. The search
results were inspected to ensure that the relevant articles were
identified. The text words contained in the titles and abstracts
of relevant articles and the index terms used to describe the
articles were used to develop a search strategy for MEDLINE in
consultation with an information specialist/librarian. Second, the
search strategy was adapted for other databases in consultation
with the information specialist/librarian, and a systematic
search across all included databases was undertaken to identify
published and unpublished studies. Third, the reference list
of previous systematic reviews and studies included in the
systematic review were screened for additional studies. The
search strategies are reported in the Supplementary File.

The following 16 databases were searched, without date
and language restrictions, till March 15, 2021: MEDLINE
(from 1946, Ovid), Embase (from 1947, Ovid), CINAHL
(from 1937, EBSCO), PsycINFO (from 1806, Ovid), Allied and
Complementary Medicine (AMED, from 1985, Ovid), Web of
Science (from 1900), Cochrane Central Register of Controlled
Trials (CENTRAL, from 1996), Turning Research Into Practice
(TRIP, from 1997), AYUSH Research Portal, A Bibliography
of Indian Medicine (ABIM), Digital Helpline for Ayurveda
Research Articles (DHARA), CAM-QUEST and Directory of
Open Access Journals (DOAJ). The search for unpublished
studies included OpenGrey (from 1997), EthOS (from 1925), and
ProQuest Dissertations and Theses (from 1980, ProQuest).

Screening and Full-Text Reading

Following the search, all identified citations were collated and
uploaded into Endnote X8.2 (Clarivate Analytics, PA, USA)
(39) and duplicates were removed. The remaining records
were then imported into Rayyan (Qatar Computing Research
Institute [Data Analytics], Doha, Qatar) (40), a web application,
to facilitate the title and abstract screening process. Titles
and abstracts were independently screened for eligibility using
the inclusion criteria by two reviewers. Studies identified as
potentially eligible or those without an abstract were retrieved in
full. The full-text of these studies was assessed in detail against
the inclusion criteria by the two independent reviewers. Full-text
studies that did not meet the inclusion criteria were excluded and
the reasons for exclusion were reported. Any disagreements that
arose between the reviewers were resolved through discussion. If
consensus was not reached, then a third reviewer was involved.

Methodological Quality Assessment

Included studies were critically assessed using the standardized
JBI critical appraisal tool for RCTs (41). This tool has 13
criteria that can be scored as being met (yes), not met (no),
unclear, or not applicable (n/a). One of the criteria was about
the blinding of intervention deliverers, which was not possible
with yoga interventions and accepted as not applicable. The
quality of the individual studies was determined as high quality
if 8 or more of criteria scored yes, moderate quality if 5-7 of
criteria scored yes, and low quality if 4 or less of criteria scored
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yes. Two independent reviewers were involved throughout the
process and any disagreements arising between reviewers were
resolved through discussion. If consensus was not reached, a
third reviewer was involved. All studies, regardless of their
methodological quality, were included in the review.

Data Extraction

Data were extracted using a predeveloped and piloted data
extraction form. The data extracted included the characteristics
of the studies: author, year of publication, country, final
follow-up, participant characteristics (e.g., age, sex, stage of
hypertension, medication use, comorbidities, and previous
experience of yoga), sample size, intervention and comparator,
study outcomes (e.g., blood pressure and adverse events), final
follow-up (in weeks), lost to follow-up, and SBP and DBP data
extraction time-point (in weeks). In addition, the characteristics
of yoga interventions were extracted: intervention development,
structure (e.g., session duration, frequency, and intervention
duration), delivery characteristics (e.g., the context of the
intervention, strategies used to enhance intervention uptake and
adherence, and characteristics of yoga instructors), and content
(e.g., asana, pranayama, and dhyana and relaxation practices).

The beneficial effects of treatment for most patients with
hypertension would be reached within 8 weeks (7, 42). Therefore,
the authors extracted the 8-week time point data. Where this
time point data was not reported or multiple time points were
reported, data from the time point closest to 8 weeks from the
start of the intervention were extracted. Intention-to-treat (ITT)
data were preferred compared to per-protocol data and post-
intervention data preferred over the change from baseline data
(i.e., post-intervention score—baseline score). Mean change from
baseline was used if only change scores were reported and if
there was a significant difference between groups at baseline
(=5 mmHg). However, if studies with a significant difference
at baseline did not report change scores, post-intervention
data were used, and the imbalance was noted in the risk of
bias assessment.

SBP and DBP are continuous data and so mean and SD were
extracted. Where no SDs were available, they were calculated
from SE, CI, or interquartile ranges, and where no mean scores
were available; mean was assumed to be equal to median. In case
of missing or unclear data, authors were contacted by e-mail (two
times per author).

Data Synthesis

A tabular and narrative format was used to synthesize results.
Some yoga interventions included only one component whereas
others incorporated two or three components; therefore,
yoga interventions were divided as those incorporating three
components of yoga (i.e., yoga interventions incorporating
asana, pranayama and dhyana, and relaxation practices), those
combining any two components of yoga (e.g., asana and
pranayama) and only pranayama interventions. To determine
the effectiveness of the studies, a meta-analysis using Review
Manager 5.4.1 (43) was conducted as many included RCTs used
inappropriate analysis methods to decide the effectiveness of

the intervention. First, all yoga interventions were compared
with all control groups to show the overall effectiveness of yoga
interventions. Then, subgroup analyses were done according
to the type of yoga interventions and type of comparators
separately for SBP and DBP. Yoga interventions were divided
as those incorporating three components of yoga (i.e., yoga
interventions incorporating asana, pranayama, and dhyana and
relaxation practices), those combining any two components
of yoga (e.g., asana and pranayama), and only pranayama
interventions. The plan was to divide comparator groups into
three as no-intervention, non-pharmaceutical intervention, and
pharmaceutical intervention. However, only one study had
pharmaceutical intervention as a comparator group. Therefore,
comparator groups were divided into two subgroups as
no-intervention and non-pharmaceutical intervention. Studies
allowing co-medication for both intervention and comparator
groups, with no additional intervention, comparator groups
were evaluated as no-intervention. All active comparator groups
were evaluated as non-pharmaceutical interventions. If yoga
interventions were compared with both no intervention and
non-pharmaceutical intervention groups within the same study,
they were considered separately. Yoga interventions shorter
than 8 weeks were separated from the long-term studies in
the meta-analysis.

In the meta-analysis, random effects were used due to
the heterogeneous nature of the interventions. Statistical
heterogeneity was assessed in the meta-analysis using the I> and
heterogeneity was considered substantial if 1> > 50%. Where
there was a sufficient number of studies included in the meta-
analysis (at least 10), funnel plots were generated to assess for
publication bias.

RESULTS
Study Selection

Thirteen thousand one hundred thirty records were identified
through the literature search. After the removal of duplicate
records and title and abstract screening, 82 studies were retrieved
for full-text screening. Thirty-four RCTs met the inclusion
criteria and were included in this systematic review (44-77). (See
Figure 1 for PRISMA flowchart) (37) The list of studies found
ineligible following full-text review and ongoing RCTs identified
from trial registries are presented in the Supplementary File.

Description of the Included Studies

See Supplementary Table 1 for the characteristics of the included
studies. Thirty-four RCTs met the inclusion criteria. Fifteen
studies reported the number of people invited and participated.
In total, 5,083 people were invited and 3,125 participated in these
studies. Twenty-one RCTs were conducted in India (n = 1,694
participants), 4 in the USA (n = 382) (45, 47, 53, 59), 2 in
Germany (n = 415) (46, 67), 2 in Nepal (n = 135) (61, 77) and
1 each in Sweden (n = 191) (49), Thailand (n = 61) (63), Spain (n
= 100) (64), Hong-Kong (n = 97) (68) and Brazil (n = 50) (72).
Studies recruited participants who were between 18 and 70 years
old. Four RCTs recruited only male participants (50, 54, 67, 70).
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FIGURE 1 | PRISMA flow diagram.

Two recruited only female participants (72, 74) and the sex of
the participants was unclear in 3 RCTs (44, 51, 69). Nineteen
out of 34 studies did not specify the stages of hypertension.
Four studies included only participants with prehypertension, 4
included only participants with stage I hypertension, 5 included
participants with prehypertension and stage I hypertension, 1
included participants with stage I and II hypertension and
1 included participants at any stage of hypertension. All the
participants were on antihypertensive medication in 12 RCTs,
some of the participants were on antihypertensive medication
in 5 RCTs and none of the participants was on antihypertensive
medication in 7 RCTs. Ten studies did not provide information

if participants were on antihypertensive medication. Additional
health conditions of the participants included postmenopause
(n = 2) (72, 74), type 2 diabetes mellitus (T2DM) (n = 2)
(58, 71) and metabolic syndrome (MetS) (n = 1) (68). Previous
experience of yoga practice among participants varied across the
RCTs and 17 studies recruited yoga-naive participants whereas 2
studies recruited participants with experience of practicing yoga.

Description of the Included Interventions

and Comparators
See Supplementary Table2 for the details of the yoga
interventions  (e.g., content, structure, and delivery
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characteristics). Six studies included more than one yoga group
and these were considered as separate interventions unless they
used the same yogic practice with varying context and delivery
characteristics. Consequently, 38 yoga interventions within 34
studies were identified. Of the 38 interventions, 21 incorporated
all the three components of yoga (asana, pranayama, and dhyana
and relaxation practice); 11 included only pranayama; 3 included
pranayama, and dhyana and relaxation practice; 2 included
asana and pranayama and one included asana, and dhyana and
relaxation practice.

Yoga interventions were compared with a variety of
comparators such as no intervention, no additional intervention
(where both intervention and control groups received the same
intervention e.g., antihypertensive/antidiabetic treatment and
lifestyle modification training), lifestyle modification training,
exercise, acupuncture, Buteyko breathing, sham breathing, and
sham relaxation. Four studies compared yoga intervention with
more than one comparator and 38 comparators within 34 studies
were identified.

Methodological Quality of the Studies
Overall, the studies were assessed as being of low quality (See
Supplementary Table 3). The total number of “yes” answers was
7 or more in 6 studies, was 6 in 2 studies, was 5 in 8 studies,
and was 4 or less in 18 studies. Even though the design and
conduct of studies appeared to be good enough, the methodology
was not adequately reported and this resulted in poor scoring.
There were poor methodological quality studies as well. Some of
the major issues in these studies were: (i) inadequate reporting
of the randomization process, of the allocation concealment
process, of the blinding of participants and outcome assessors,
of whether the study arms were treated identically other than
the intervention of interest or not, of the measurement process
of outcomes (including adverse events); (ii) imbalance between
the treatment groups at baseline; (iii) describing the differences
between study arms in terms of their follow up but not analyzing
these; (iv) not performing ITT analysis; (v) errors/issues in the
sample size calculation and reporting; and (vi) errors/issues
in data analysis and reporting (e.g., pre-post analysis and not
between the groups).

Adverse Events

Adverse events were not reported in 26 RCTs and 6 RCTs
reported that no adverse events occurred. 2 RCTs reported
adverse events but only one of these studies provided details
(46, 59). The study (46) reported that adverse events occurred
in yoga and comparator groups but none of these adverse events
was judged to be directly related to the yoga intervention.

Publication Bias

Funnel plots were generated for yoga intervention vs.
control (Supplementary Figures 1, 2) and asana, pranayama,
and dhyana and relaxation practice vs. no intervention
(Supplementary Figures 3, 4). Funnel plots showed little
evidence of publication bias. Meta-analysis including all
the yoga interventions showed substantial heterogeneity for
SBP (I> = 88%) and DBP (> = 85%). Subgroup analyses

could not reduce heterogeneity substantially. Only two
subgroup analyses comparing pranayama with no intervention
and non-pharmaceutical interventions for DBP showed
no heterogeneity.

Meta-Analysis to Determine Study

Effectiveness

Thirty-three out of 34 studies were included in the meta-analysis,
comparing yoga with any type of comparators. One of the studies
(74) was not included as it compared a yoga intervention with
another yoga intervention. The overall effect on SBP and DBP
favored yoga interventions compared to comparators (mean
difference (MD) —6.49 mmHg; 95% CI —8.94- —4.04; —2.78
mmHg; —4.11- —1.45, respectively) (Figures 2, 3). Of the studies
included in the meta-analysis, 16, 13, and 18 interventions were
effective in improving SBP, DBP, or either, respectively.

Thirty-eight comparisons were made in subgroup analyses,
in total. In subgroup analyses, 18, 14, and 20 out of 38 yoga
interventions showed effectiveness in reducing SBP, DBP, or
either, respectively. All subgroup comparisons favored yoga
interventions except for pranayama vs. non-pharmaceutical
intervention in reducing SBP. Asana, pranayama, and dhyana
and relaxation practice was more effective in reducing SBP
compared to no intervention (—6.71 mmHg; —9.87- —3.55)
and non-pharmaceutical interventions (—6.36 mmHg; —11.64-
—1.09) (Figures 4, 5). Pranayama was more effective in reducing
SBP compared to no intervention (—12.01 mmHg; —20.25-
—3.77) but not compared to non-pharmaceutical intervention
(—2.39 mmHg; —12.19-7.41) (Figures 6, 7).

All subgroups favored yoga interventions in reducing DBP
when compared to no intervention but not when compared
to non-pharmaceutical intervention. Asana, pranayama, and
dhyana and relaxation practice was more effective in reducing
DBP compared to no intervention (—4.67 mmHg; —6.56—
—2.77) but not compared to non-pharmaceutical interventions
(—2.34 mmHg; —5.42-0.74) (Figures 8, 9). Pranayama was more
effective in reducing DBP compared to no intervention (—5.38
mmHg; —8.03- —2.73) but not compared to non-pharmaceutical
interventions (1.49 mmHg; —1.28-4.26) (Figures10, 11).
Interventions combining any two components of yoga could not
be included in the meta-analysis as no two studies met the criteria
to be pooled (46, 49, 58, 64, 67, 72).

Details of the Yoga Interventions

Content

Of 20 effective interventions, 13 interventions incorporated
3 components of yoga: asana, pranayama, and dhyana and
relaxation practices, 3 interventions combined pranayama, and
dhyana, and relaxation practices, and 4 interventions used only
pranayama. Fourteen effective interventions compared yoga
with no intervention/no additional intervention, 5 compared
with non-pharmaceutical intervention, and 1 study compared
pranayama with another pranayama (74).

The majority of the studies did not define the style
of the yoga (e.g., Hatha, Iyengar yoga, etc.) used as an
intervention. Only 1 out of 20 effective interventions reported
that Hatha yoga was used (56). The content of the effective
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Yoga Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Murugesan, 2000 123.09 1014 11 143.06 1436 22 26% -19.97[-28.45,-11.49)
McCaffrey, 2005 136.04 1298 22 161.89 17.38 25 26% -25.85[-34.56,-17.14)
Kettner, 2009 -813 1541 146 -577 13.09 157 3.6% -2.36 [-5.59,0.87] = ¢
Mourya, 2009 139.46 221 40 1459 2249 20 2.0% -6.44 [-18.44, 5.56) =
Saptharishi, 2009 1248 9.3 21 122:57: T:52 81 3.4% 2.23[-2.07,6.53] = P
Khadka, 2010 122 8.88 7 128 13.33 7: 2.0% -6.00[-17.87,5.87) ==
Cohen, 2011 133 11.83 32 130 11.31 32 32% 3.00[-2.67,8.67] o b
Bhavanani, 2012 1247 1239 16 1383 1511 14 23% -13.60[-23.95,-3.25)
Shantakumari, 2012 132:23 7.89 50 1424 1257 50 35% -1017[-14.28,-6.06) b,
Telles, 2013 1276 1218 62 139.53 18.65 3 29% -11.93[19.16,-4.70]
Hagins, 2014 13068 1499 36 13336 18.29 az: 2.7% -2.68 [-10.69, 5.33] -
Patil, 2014a 133.86 7.37 28 146.82 6.03 29  36% -12.96[-16.46,-9.46) =
Patil, 2014b 143.09 5.67 21: 146.28° 541 2 3.6% -3.19[-6.54,0.16] e
Sujatha, 2014 138.51 939 118 15238 1025 120 3.7% -13.87[16.37,-11.37) =
Patil, 2015 133.73 6.85 30 14686 6.32 30 36% -1313[16.47,-9.79) e
Prakash, 2015 131 963 25 144 1014 25 32% -13.00[-18.48,-7.52) P S
Pushpanathan, 2015 118.56 11.06 30 12597 1095 30 32% -7.41[-112.98,-1.84] -
Sriloy, 2015 1345 13.7 19; 142:20 473 19  24% -7.70[-17.62, 2.22) E
Thiyagarajan, 2015 121 6 51 123 4 49  38% -2.00[-3.99,-0.01] 7.2
Cohen, 2016 129.6 16 43 1325 16 48  3.0% -2.90[-9.48, 3.68] T
Punita, 2016 11856 11.06 25 12597 1095 30 32%  -7.41[-13.25,-1.57) o
Wolff, 2016 1454 134 85 1452 128 86 35% 0.20[-3.73,413] -
Roche, 2017 -6.1  19.28 45 -2.8 1294 10 24% -3.30 [13.10,6.50] ]
Shetty, 2017 132 38 30 15249 9.8 30 35% -20.90[-24.66,-17.14) =
Supriya, 2017 13212 10.74 52 136.31 15.23 45  3.3% -419[-9.51,1.13] T |
Cramer, 2018 1339 10.279 50 135 8 25 35% -1.10[-5.34,3.14] =
Misra, 2018 -6.38 171 61 086 178 22 26% -7.24 [-115.83,1.35) E
Ankolekar, 2019 130.45 6.08 51 13374 7.76 51 3.7% -3.29 [-6.00,-0.58] ==
Fetter, 2020 1369 1264 10 1256 15 9 19% 11.30 [-1.25, 23.85) 1
Ghati, 2020 131.7 109 32 1258 126 35 32% 5.90[0.27,11.53) [5n =
Sathe, 2020 129.95 8.25 21 125,55 26.42 2 2.0% 4.40[-7.44,16.24) &
Thanalakshmi, 2020 -8.56 1843 50 1.56 18.43 50 29% -1012[-17.34,-2.90)
Dhungana, 2021 1301 9.3 61 1346 1" 60 35% -4.50[-8.13,-0.87] e
Total (95% ClI) 1380 1316 100.0% -6.49 [-8.94, -4.04] &
Heterogeneity: Tau®= 40.56; Chi*= 273.27, df= 32 (P < 0.00001); F= 88% -230 -1:0 0 110 2=0
Test for overall effect: Z=5.19 (P < 0.00001) Favours Yoga Favours Control

FIGURE 2 | Yoga vs. control (SBP).

yoga interventions was quite heterogeneous and they included
41 different types of asana, 19 different types of pranayama,
and 11 different types of dhyana and relaxation practices.
The most common practices were Bhujangasana (Cobra
pose) (in 11 interventions), Anuloma-Viloma/Nadi Shodhana
(Alternate nostril breathing) (in 14 interventions), and Shavasana
(Corpse pose/deep relaxation) (in 9 interventions). The Sanskrit
and English names of the yogic practices used in effective
interventions and the number of RCTs using these practices are
detailed in Supplementary Table 4.

The studies had a varying emphasis on each component.
Four out of 13 effective interventions that incorporated 3
components of yoga did not report how much time was
allocated to each component. Where reported, there was a
balance in how much time allocated to each component on
effective interventions, whereas ineffective studies were more
focused on the asana and the duration of the asana practice
was longer. The mean time allocated to asana was around
19 min, pranayama was around 9 min and dhyana and relaxation
practice was around 14 min in effective studies. The mean time
allocated to asana was around 42 min, pranayama was around

8 min and dhyana and relaxation practice was around 9 min in
ineffective studies.

Structure

The duration of the effective yoga interventions ranged from
1 day (acute effect) to 12 weeks. Only 3 out of 20 effective
studies evaluated the acute effects of yoga intervention. The
frequency of sessions ranged from once a week to 7 days
a week: 7 days a week (n = 5), 6 days a week (n = 4),
5 days a week (n = 3), and 3 days a week (n = 4). The
duration of yoga sessions ranged from 10 min to 90 min and
the mean duration of the yoga sessions was around 42 min.
The most common session duration, frequency, and intervention
duration of effective interventions was 45 min/session (in 5
interventions), 7 days/week (in 5 interventions), and 12 weeks
(in 11 interventions).

Variations in the session duration and frequency of sessions
resulted in an average weekly dose of 216min in long-
term effective interventions and the weekly dose ranged
from 90min to 420min. The mean total dose of yoga
interventions, considering the session length, session frequency,
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Yoga Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Murugesan, 2000 8236 914 11 9882 12.44 22 1.8% -16.46[-23.96,-8.96]
McCafirey, 2005 81.01 10.34 27 10059 9.72 27 25% -19.58[-24.93,-14.23] I
Kettner, 2009 -508 973 146 -448 854 157 38% -0.60 [-2.67,1.47) =T
Mourya, 2009 8753 878 40 9109 848 20 28% -3.56[-8.17,1.05) |
Saptharishi, 2009 81.9 5.3 21 8132 554 81 36% 0.58[-1.99,3.15) ) =
Khadka, 2010 80 518 7 86 4.44 7 26%  -6.00[11.05,-0.95) -
Cohen, 2011 83 59 35 79 5865 32 36% 400[1.23,6.77] b=
Bhavanani, 2012 749 12 15 76.9 1.6 14 41% -2.00[-3.03,-0.97] =
Shantakumari, 2012 8549 503 50 9051 932 50 3.5% -5.02[-7.96,-2.08] e
Telles, 2013 84.03 8726 60 81.33 937 30 31% 2.70[-1.25, 6.65] -
Hagins, 2014 76.89 8.61 36 7976 11.11 32 2.1% -2.87 [-7.64,1.90] - 1y
Patil, 2014a 731 414 28 7479 437 29 3.8% -1.69[-3.90,0.52) ]
Patil, 2014b 7533 354 21 7509 543 21 36% 0.24 [-2.53,3.01] ==
Sujatha, 2014 86.17 63 118 9423 643 120 4.0% -8.06 [-9.68,-6.44] Ry
Patil, 2015 7313 4.02 30 7463 439 30 38% -1.50[-3.63, 0.63] =
Prakash, 2015 79 551 25 87 51 25 35%  -8.00[-10.895,-5.05) b 7
Pushpanathan, 2015 76.84 878 30 8187 7.28 30 3.0% -5.03[-9.11,-0.95) -
Sriloy, 2015 80.94 9.7 19 791 91 19  23% 1.84[-4.14,782) Cr
Thiyagarajan, 2015 81 4 51 82 3 43  4.0% -1.00[-2.38,0.39) L
Cohen, 2016 786 14 43 80.4 13 48  2.4% -1.80[-7.37,3.77) - I
Punita, 2016 76.84 878 25 8187 7.28 30 29% -5.03[-9.35,-0.71]
Wolff, 2016 86.3 7.7 85 849 7.7 86 3.7% 1.40[-0.91,3.71] S |7
Roche, 2017 -013 12.26 45 3 1071 10 1.8% -3.13[-10.67, 4.41] S
Supriya, 2017 80.85 954 52 8284 104 45  31% -1.99 [-5.98, 2.00] o e
Cramer, 2018 81.55 10.31 50 81.9 85 25  29% -0.35[-4.74,4.04) -
Misra, 2018 8388 891 59 8968 7.33 22, 31% -5.80[-9.61,-1.99] T
Ankolekar, 2018 831 362 51 8813 574 51 3.9% -5.03[-6.89,-3.17] e
Fetter, 2020 831 7.43 10 76.37 9.03 9 18% 6.73[-0.75,14.21] 1
Ghati, 2020 923 8.7 32 88.3 92 35 29% 4.00[-0.29, 8.29] E
Sathe, 2020 8277 498 21 8456 6.56 21 3.3% -1.79[-5.31,1.73] o 1
Thanalakshmi, 2020 -5.22 11.33 50 2.3 1894 50 2.2%  -7.52[13.64,-1.40] e,
Dhungana, 2021 84.1 6.3 61 87.6 7 60 3.7% -3.50[-5.87,-1.13] =
Total (95% ClI) 1354 1287 100.0% -2.78 [-4.11, 1.45] é

it R - . 2 - - o1 B e 1 } 1 1
Heterogeneity: Tau*= 10.92; Chi*= 208.18, df= 31 (P < 0.00001); F=85% 20 10 b 10 20

Test for overall effect. Z= 4.10 (P < 0.0001)

FIGURE 3 | Yoga vs. control (DBP).

Favours Yoga Favours Control

Study or Subgroup

Asana, pranayama, and dhyana & relaxation practice
SD

No intervention Mean Difference Mean Difference

Murugesan, 2000
Saptharishi, 2009
Khadka, 2010
Shantakumari, 2012
Sujatha, 2014
Prakash, 2015
Pushpanathan, 2015
Thiyagarajan, 2015
Punita, 2016
Supriya, 2017
Cramer, 2018
Ankolekar, 2019
Dhungana, 2021

Total (95% CI)

Mean Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
123.09 1014 11 143.06 14.36 22 5.7% -19.97 [-28.45,-11.49]
1248 9.3 21 1229 9.7 29 7.6% 1.90(-3.42,7.22) —
122 8.88 T4 128 1333 i 41% -6.00 [-17.87,5.87)
13223 7.89 50 1424 1257 50 8.3% -10.17[-14.28,-6.08] —F
138.51 9.39 118 15238 1025 120 9.1% -13.87 [116.37,-11.37] T
131 9.63 25 144 1014 25 75% -13.00[-18.48,-7.52]
118.56 11.06 30 12597 10.95 30 7.5% -7.41[-12.98,-1.84]
121 6 51 123 4 49 9.3% -2.00[-3.99,-0.01] =
118.56 11.06 25 12597 1095 30 7.3% -7.41 [-13.25,-1.57] —
13212 10.74 52 136.31 15.23 45  76% -4.19[-9.51,1.13] T
1339 10.279 50 135 8 25 83% -1.10[-5.34,3.14) e
130.45 6.08 51 133.74 7.76 51 9.1% -3.29-6.00,-0.58] b T
1301 9.3 61 1346 11 60 8.6% -4.50 [-8.13,-0.87) —
552 543 100.0% -6.71[-9.87, -3.55] e
Heterogeneity: Tau®= 26.79; Chi*= 93.31, df= 12 (P < 0.00001); F= 87% _250 _1¢0 1:0 250

Testfor overall effect: Z= 4.16 (P < 0.0001)

Favours Asana, pranayama, and
dhyana & relaxation practice

Favours No intervention

FIGURE 4 | Asana, pranayama, and dhyana and relaxation practice vs. no intervention (SBP).

and total duration of yoga interventions, was around 2329 min
(~39h) and it ranged from around 560min (~9h) to

5,040 min (84 h).

There were differences between the effective and ineffective
interventions in terms of the frequency, the weekly and total
dose of the yoga interventions. Whereas, the most common
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Asana, and dhyana & Non. intervention Mean Difference Mean Difference
Study or Subgroup Mean ) Total Mean sD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
McCafirey, 2005 136.04 12.98 22 161.89 17.38 25 96% -2585[-34.56,-17.14) —————
Saptharishi, 2009 1248 93 21 12238 6.08 52 12.0% 2.4211.89,6.73) = e
Cohen, 2011 133 11.83 32 130 11.31 32 11.3% 3.00 [-2.67, 8,67 e
Hagins, 2014 130.68 14.99 36 133.36 18.29 32 10.0%  -2.68[-10.69,533 s
Patil, 2014a 133.86 7.37 28 146.82 6.03 29 12.3% -12.96 [16.46,-9.46] —
Patil, 2014b 143.09 567 21 146.28 5.41 21 124% -3.19[-6.54,0.16) ==
Patil, 2015 133.73 6.85 30 146.86 6.32 30 124% -13.13[16.47,-9.79] s
Cohen, 2016 129.6 186 43 1325 16 48 10.8% -2.90-9.48, 3.68) T
Roche, 2017 6.1 19.28 45 -28 12.94 10 9.0%  -3.30[13.10,6.50] —
Total (95% CI) 278 279 100.0%  -6.36 [-11.64,-1.09] B
Heterogeneity: Tau®= 55.50; Chi*= 80.49, df= 8 (P < 0.00001); F= 90% _255 2=5
Testfor overall effect: Z=2.36 (P = 0.02) Favours Asana, pranayama, and dhyana - Favours
& relaxation practice Non-pharmaceutical
intervention
FIGURE 5 | Asana, pranayama and dhyana and relaxation practice vs. non-pharmaceutical intervention (SBP).
Pranayama No intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mourya, 2009 139.46 221 40 1459 2249 20 19.3% -6.44 [-18.44, 5.56) T
Shetty, 2017 132 3.8 30 1529 9.8 30 305% -20.90[-24.66,-17.14) -
Misra, 2018 -6.38 171 61 086 178 22 241% -7.24 [-15.83,1.35) —
Thanalakshmi, 2020 -8.56 18.43 50 1.56 18.43 50 261% -10.12[17.34,-2.90) -
Total (95% CI) 181 122 100.0% -12.01[-20.25,-3.77] R
Heterogeneity: Tau®= 54.20; Chi*=15.42, df= 3 (P = 0.001); F=81% t t t t
Test for overall effect: Z= 2.86 (P = 0.004) sl et 2 T
ET s - Favours Pranayama Favours No intervention
FIGURE 6 | Pranayama vs. no intervention (SBP).
Pranayama Non-pharmaceutical intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Telles, 2013 1276 12182 62 139.53 18.65 31 26.7% -11.93[-19.16,-4.70] -
Sriloy, 2015 1345 13:.7 19 1422 17.3 19 236% -7.70[-17.62,2.22) —r
Ghati, 2020 131.7 109 32 1258 126 35 283% 5.90[0.27,11.53) -
Sathe, 2020 129.95 8.25 21 125.55 26.42 21 21.4% 440[-7.44,16.24) S o
Total (95% CI) 134 106 100.0% -2.39[-12.19,7.41] ?
Heterogeneity: Tau*=80.21; Chi*=17.07, df= 3 (P = 0.0007); F=82% t t 1 y t
Test fi Il effect Z= 0.48 (P = 0.63 2 =3 p - o
estfor overall effect: Z= 0.48 (P = 0.63) Favours Pranayama Favours
Non-pharmaceutical
intervention
FIGURE 7 | Pranayama vs. non-pharmaceutical intervention (SBP).
Asana, pranayama, and dhyana & relaxation practice No intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI v, 95% CI
Murugesan, 2000 82.36 9.14 11 98.82 1244 22 4.0% -16.46[-23.96,-8.96]
Saptharishi, 2009 819 53 21 824 72 29 77%  -0.50(-3.96,2.96) et
Khadka, 2010 80 518 7 86 444 7 B.0% -6.00[11.05,-0.95]
Shantakumari, 2012 85.49 503 50 9051 932 50 83%  -5.02[-7.96,-2.08 =
Sujatha, 2014 86.17 6.3 118 9423 643 120 87%  -8.06[-9.68,-6.44] =
Prakash, 2015 79 5.51 25 87 511 25 83% -8.00[-10.95-505) C
Pushpanathan, 2015 76.84 8.78 30 8187 728 30 7.0% -503[9.11,-0.95 —
Thiyagarajan, 2015 81 4 51 82 3 49 99%  -1.00[(-2.38,038) -
Punita, 2016 76.84 8.78 25 8187 7.28 30 68% -5.03[-9.35-0.71) —_—
Supriya, 2017 80.85 954 52 8284 104 45 7%  -1.99[-5.98 200 T
Cramer, 2018 8155 10.31 50 818 85 25 67%  -0.35[4.74,4.04] —t—
Ankolekar, 2018 831 362 51 8813 574 51 95% -503[-6.89,-317) e
Dhungana, 2021 84.1 6.3 61 876 7 B0 90% -350[-5.87,-1.13 ===
Total (95% CI) 552 543 100.0%  -4.67 [-6.56,-2.77] S
Heterogeneity: Tau®= 8.98; Chi*= 69.77, df= 12 (P < 0.00001); F= 83% _250 -1=IJ 150 250

Test for overall effect: Z= 4.82 (P < 0.00001) Favours Asana, pranayama, and dhyana

& relaxation practice

Favours No intervention

FIGURE 8 | Asana, pranayama and dhyana and relaxation practice vs. no intervention (DBP).
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Test for overall effect. Z=1.49 (P=0.14)

Asana, pranayama, and dhyana & practice Non a i Mean Uitterence Mean Litterence
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
McCaffrey, 2005 81.01 10.34 27 100.59 972 27 97% -19.58[-24.93,-14.23)
Saptharishi, 2009 81.9 53 il 80.72 441 52 125% 1.18-1.38,3.74] =
Cohen, 2011 a3 5.91 35 79 5.65 32 124% 4.00(1.23,6.77) gy
Hagins, 2014 76.89 8.61 36 79.76 1.1 32 10.3% -2.87 [-7.64,1.90] |
Patil, 2014a 731 414 28 74.79 4.37 29 128% -1.69[-3.90,052) ===
Patil, 2014b 75.33 3.54 21 75.09 543 21 12.4% 0.24 [-2.53,3.01] ==
Patil, 2015 7313 4.02 30 74.63 4.39 30 129% -1.50[-3.63,0.63) =
Cohen, 2016 78.6 14 43 80.4 13 48 95% -1.80[7.37,3.77) -
Roche, 2017 -013 12.26 45 3 10.71 10 75% -313[10.67,4.41) —
Total (95% CI) 286 281 100.0% -2.34[-5.42,0.74] <
Heterogeneity: Tau?= 17.98; Chi*= 63.88, df= 8 (P < 0.00001); F= 87% T = 5 %

FIGURE 9 | Asana, pranayama and dhyana and relaxation practice vs. non-pharmaceutical intervention (DBP).

Favours Asana, pranayama, and dhyana Favours Non-pharmaceutical
& relaxation practice intervention

Test for overall effect: Z= 3.98 (P < 0.0001)

FIGURE 10 | Pranayama vs. no intervention (DBP).

Pranayama No intervention Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mourya, 2009 8753 878 40 91.09 849 20 33.0% -356[8.17,1.05) =
Misra, 2018 8388 89 59 8968 7.33 22 482% -580[9.61,-1.99) —
Thanalakshmi, 2020  -5.22 11.33 50 2.3 1894 50 18.8% -7.52[-13.64,-1.40] = e
Total (95% Cl) 149 92 100.0% -5.38[-8.03,-2.73] <@

s 2 . Chiz= - = ‘R= 4 i t +
Heterogeneity: Tau®= 0.00; Chi*=1.12, df=2 (P=0.57), F=0% 20 10 ) 10 20

Favours Pranayama Favours No intervention

Test for overall effect: Z=2.26 (P =0.02)

FIGURE 11 | Pranayama vs.non-pharmaceutical intervention (DBP).
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Telles, 2013 84.03 8.26 60 81.33 9.37 30 437% 2.70[-1.25,6.65) 2013 -
Sriloy, 2015 8094 97 19 791 91 19 191% 1.84 [4.14,7.82] 2015 opl |
Ghati, 2020 923 87 32 88.3 9.2 35 37.2% 4.00[-0.29,8.29) 2020 i
Total (95% CI) 11 84 100.0% 3.02[0.41,5.63] L3

Wy 2 . Chid = = = “R= + J t t
Heterogeneity: Tau®= 0.00; Chi*= 0.38, df= 2 (P = 0.83); F=0% 30 10 0 10 20

Favours Pranayama Favours
Non-pharmaceutical
intervention

session frequency was 7 days a week in effective interventions,
the most common session frequency was 2 days a week (n
= 7) in ineffective interventions. The mean weekly and total
dose of effective yoga interventions was around 216 min and
2,329 min, respectively, whereas it was around 172min and
2,071 min in long-term ineffective studies, respectively. The
differences between the effective and effective interventions
suggest that effective yoga interventions involved regular
practice and tended to have higher weekly and total dose of
yoga interventions.

Delivery Characteristics (Context, Supervision, and
Intervention Uptake and Adherence)

Fifteen effective interventions were center-based, including a
research/community center (n = 7), a clinic/hospital (n = 5)
and academic institution (n = 2). Five interventions did not

provide details of the centers where yoga interventions were
practiced. Eight interventions were both center- and home-based
and participants were recommended or required to practice
at home.

Sixteen effective studies mentioned supervision of the yoga
sessions but four studies did not provide any information
about the yoga sessions’ supervision status. Interventions were
supervised by instructors with training on yoga (n = 9) and
instructors without any training on yoga (n = 5). Of the studies
that mentioned supervision of the yoga sessions, 2 studies did
not provide further details about the person who supervised
the sessions.

Four effective interventions did not report anything about the
strategies used to increase intervention uptake and adherence
and how compliant participants were to the intervention.
A variety of strategies was used to increase attendance
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and adherence of participants to the intervention. Keeping
attendance register (46, 48, 50, 55, 56, 65, 69, 75, 77), providing
an audio recording, DVD, and/or training manuals for home
practice (45, 46, 56, 63, 71, 77), recording home practice (45, 46,
63, 71), contacting the clinic/hospital to follow-up advice (45, 71,
77) and providing sessions at different times (56) were among the
strategies used. Six out of 16 effective long-term studies reported
the commitments of the participants to the intervention, and it
ranged from 70 to 100% (48, 50, 56, 65, 69, 71).

Effective and ineffective interventions were similar in terms
of the context, supervision, and strategies used to increase
intervention uptake and adherence. However, participants’
adherence to the intervention protocol tended to be higher in
effective yoga interventions, where reported.

DISCUSSION

This systematic review synthesized the content, structure,
and delivery characteristics of effective yoga interventions
used for managing hypertension and compared these between
effective and ineffective interventions. Eighteen, 14, and
20 interventions were effective in improving SBP, DBP, or
either, respectively. Thirteen out of 20 effective interventions
incorporated all the 3 major components of yoga, namely,
asana, pranayama, and dhyana and relaxation practices
and allocated similar durations to each component. These
interventions involved regular practice and higher commitment
of participants to the intervention protocol. The most common
duration and frequency of effective yoga interventions were
45 min/session (in 5 interventions), 7 days/week (in 5
interventions), and 12 weeks (in 11 interventions). Fifteen
were center-based, 8 were both center- and home-based, and 16
were supervised.

Yoga has been promoted as an aerobic form of exercise
(8), and many of the studies had an emphasis on asana,
however, this systematic review suggests that to be beneficial
for hypertension yoga should include a balance of the three
major components. One of the previous systematic reviews
also showed that yoga interventions were more effective
when they incorporated the three major components of yoga
(10) but it is not possible to make a direct comparison
as this review did not consider the time allocated to each
component. A recent hypertension guideline suggests that
moderate-intensity exercise should be practiced 5-7 days a
week and stress reduction strategies like meditation should be
introduced to the daily routine (8). This supports our finding
that effective yoga interventions included regular practice.
Another systematic review also found that DBP reductions
were larger when yoga was practiced more than 3 sessions per
week (34).

Adherence of the participants to the interventions is one
of the most important points that affect the effectiveness
of an intervention. To achieve high adherence, it is
suggested that complex interventions, e.g., yoga, should
combine counseling, self-monitoring, reinforcements, and
supervision (8). We synthesized the methods used to

increase intervention uptake and adherence in effective
interventions. Although many of the effective studies included
in this review kept attendance register and self-report of
home-practice, they generally did not report the adherence
rate. The guidance provided by the yoga instructors, and
characteristics of the yoga instructors such as their training
on the intervention protocol are critical for the effectiveness
of the intervention and to ensure intervention fidelity and
safe practice (78, 79). Many of the effective interventions
included in this review reported if the intervention was
supervised and if the instructors were trained in yoga
but they mostly did not report if the instructors were
trained in the intervention protocol. None of the previous
systematic reviews synthesized the strategies used to increase
intervention uptake and adherence, adherence rate, and yoga
instructor characteristics.

Methodological Quality of the Studies
Inadequate reporting was found in the included studies in
terms of yoga intervention details, study design, and adverse
events. Some important aspects of yoga interventions such as the
characteristics of yoga providers, the existence of home practice,
and attendance and adherence of participants to yoga sessions
and home practice were not reported in 32, 59, and 48% of
the included studies, respectively. In addition, the intervention
development method and the details of the settings where yoga
interventions were delivered were not adequately reported. The
majority of the studies had low methodological quality with small
sample size and short follow-up. The low methodological quality
was due to either inadequate reporting or issues in the design of
the studies.

As there was no sham or blinded comparison group in
the majority of RCTs, the chances of performance bias (of
participants) were high. It should be noted that yoga in the
west is often considered as a standalone physical activity type
of practice, however, traditionally and in many South Asian
nations yoga incorporates a healthy lifestyle such as healthy diet,
physical activity, smoking cessation, and restriction on alcohol
intake (14, 80). Thus, yoga can be considered as a complex
intervention, and participants in the yoga study arm might have
been motivated to pursue a healthy lifestyle which is conducive
to lowering blood pressure.

Future studies should ensure rigorous methodology, i.e., a
larger sample size, longer follow-up, and ITT analysis, and
reporting should be improved (79). In addition, although
blinding of intervention deliverers is not possible in yoga
interventions, blinding of participants can be achieved through
sham therapies. Adverse events were also not explicitly reported
in most of the studies, which are important to indicate the safety
of yoga interventions. These issues should be addressed and
reporting should be improved in future RCTs.

Recommendations for Future Research
and Practice

Despite the low quality and heterogeneity of included studies,
our findings suggest yoga interventions may effectively manage
hypertension, and provide an indication of the content, structure,
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and delivery characteristics, which may be most beneficial for
managing hypertension. However, most of the included studies
have not reported the intervention development process and it is
hard to know whether these interventions were carefully thought
out (e.g., their safety and acceptability) and comprehensive in
their development. In addition, some intervention details were
inadequately described (e.g., adherence and home practice), and
it is difficult to replicate successful interventions. Thus, future
studies should aim to systematically develop a yoga program
for hypertension management in consultation with experts (e.g.,
yoga, hypertension) by using the synthesized findings of the
effective interventions in this review. Then, they should aim to
evaluate the intervention and implement it, if found effective.
In addition, our review, showing that there are some narrative
differences between effective and ineffective interventions, paved
the way for future research and the next potential step can be to
do a meta-analysis, using the methods developed for evaluating
effects of individual components in complex interventions
(81), to predict what intervention variables are associated with
reductions in blood pressure.

Strengths and Weaknesses

To the best of our knowledge, this is the first systematic review to
synthesize the content, structure, and delivery characteristics of
effective yoga interventions used for managing hypertension and
to compare these between effective and ineffective interventions.
This systematic review was conducted following a robust
systematic process and using the JBI and the PRISMA guidelines
by trained JBI accredited systematic reviewers. Everything was
done by two reviewers independently with involvement of a
third reviewer in case of any disagreements. Sixteen databases
were searched with no date or language restrictions. Secondary
hypertension and gestational hypertension were outside the
scope of this review.

We tended to concentrate on the characteristics of effective
yoga interventions and the effectiveness of the interventions was
decided based on the statistical significance. This has a potential
limitation due to the heterogeneity of the yoga interventions in
terms of content, structure, and delivery characteristics and the
inclusion of a lot of small studies in this review, which did not
have enough power to achieve statistical significance. However,
doing a meta-analysis was the best possible way to decide
effectiveness because although studies had a comparator group,
many of them compared pre-and post-test data within the group,
and did not compare between intervention and control groups.

REFERENCES

1. Zhou B, Bentham J, Di Cesare M, Bixby H, Danaei G, Cowan M]J, et al.
Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis of
1479 population-based measurement studies with 19.1 million participants.
Lancet. (2017) 389:37-55. doi: 10.1016/S0140-6736(16)31919-5

2. Mills TK, Bundy DJ, Kelly NT, Reed EJ, Kearney MP, Reynolds MK, et al.
Global disparities of hypertension prevalence and control: a systematic
analysis of population-based studies from 90 countries. Circulation. (2016)
134:441-50. doi: 10.1161/CIRCULATIONAHA.115.018912

CONCLUSION

Despite the low quality and heterogeneity of included studies,
our findings suggest yoga interventions may effectively manage
hypertension. The differences between the effective and
ineffective interventions suggest that effective yoga interventions
mostly incorporated asana, pranayama, and dhyana and
relaxation practices and they had a balance between these
three components and included regular practice. They were
mostly delivered in a center and under supervision. Future
studies should consider developing an intervention using
the synthesized findings of this review before evaluating the
effectiveness of yoga in managing hypertension.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

AUTHOR CONTRIBUTIONS

GN conceptualized, designed, and conducted the study with
the help of other authors, wrote the first draft of the
manuscript and other authors contributed significantly to the
revision of the manuscript. All authors read and approved
the final manuscript.

FUNDING

GN is a PhD student, funded by the Ministry of National
Education of Turkey. This systematic review is a part of her
PhD project.

ACKNOWLEDGMENTS
We thank Elizabeth Doney and Alison Ashmore
who  have contributed to the development of

search strategies.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.846231/full#supplementary-material

3. Kearney P, Whelton M, Reynolds K, Muntner P, Whelton P, He J. Global
burden of hypertension: analysis of worldwide data. Lancet. (2005) 365:217-
23. doi: 10.1016/S0140-6736(05)17741-1

. World Health Organization (WHO). A Global Brief on Hypertension: Silent
Killer, Global Public Health Crisis. Geneva: WHO (2013).

5. Wang G, Grosse SD, Schooley MW. Conducting research on the economics of
hypertension to improve cardiovascular health. Am J Prev Med. (2017) 53(6
Suppl. 2):5115-7. doi: 10.1016/j.amepre.2017.08.005

6. Adler AJ, Prabhakaran D, Bovet P, Kazi DS, Mancia G, Mungal-Singh V, et al.
Reducing cardiovascular mortality through prevention and management of

Frontiers in Public Health | www.frontiersin.org

12

March 2022 | Volume 10 | Article 846231


https://www.frontiersin.org/articles/10.3389/fpubh.2022.846231/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)31919-5
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.1016/S0140-6736(05)17741-1
https://doi.org/10.1016/j.amepre.2017.08.005
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Nalbant et al.

Yoga Interventions for Managing Hypertension

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

raised blood pressure: a world heart federation roadmap. Glob Heart. (2015)
10:111-22. doi: 10.1016/j.gheart.2015.04.006

. Weber AM, Schiffrin LE, White BW, Mann HS, Lindholm GL,

Kenerson M]J, et al. Clinical practice guidelines for the management
of hypertension in the community a statement by the American
Society of Hypertension and the International Society of Hypertension.

J Clin Hypertens. (2014) 32:3-15. doi: 10.1097/HJH.0000000000
000065

. Unger T, Borghi C, Charchar E Khan NA, Poulter NR,
Prabhakaran D, et al. 2020 International society of hypertension
global hypertension practice guidelines. Hypertension.
(2020) 75:1334-57. doi: 10.1161/HYPERTENSIONAHA.120.
15026

. World Health Organization. A Global Brief on Hypertension: Silent Killer,

Global Public Health Crisis. Geneva: World Health Organization (2013).
Available online at: https://apps.who.int/iris/bitstream/handle/10665/79059/
WHO_DCO_WHD_2013.2_eng.pdf (accessed April 25, 2019).

Hagins M, States R, Selfe T, Innes K. Effectiveness of yoga for hypertension:
systematic review and meta-analysis. Evid Based Complement Alternat Med.
(2013) 2013:649836. doi: 10.1155/2013/649836

Hartley L, Dyakova M, Holmes J, Clarke A, Lee MS, Ernst E, et al. Yoga for
the primary prevention of cardiovascular disease. Cochrane Database Syst Rev.
(2014) CD010072. doi: 10.1002/14651858.CD010072.pub2
Sherman KJ. Guidelines for developing yoga
randomized trials. Evid Based Complement Alternat Med.
2012:143271. doi: 10.1155/2012/143271

Muktibodhananda S. Hatha Yoga Pradipika. Munger: Yoga Publications
Trust (2013).

Singh U. Psychophysiological effects of yoga for adults with occupational
stress: yoga in the workplace. In: Telles S, Singh N, editors. Research-Based
Perspectives on the Psychophysiology of Yoga. Hershey, PA; IGI Global (2018).
Schmid A, Sternke E, Do A-N, Conner N, Starnino V, Davis L. The eight limbs
of yoga can be maintained in a veteran friendly yoga program. Int ] Yoga.
(2021) 14:127-32. doi: 10.4103/ijoy.JJOY_106_20

Hagins M, Moore W, Rundle A. Does practicing hatha yoga satisfy
recommendations for intensity of physical activity which improves and
maintains health and cardiovascular fitness? BMC Complement Altern Med.
(2007) 7:40. doi: 10.1186/1472-6882-7-40

Larson-Meyer DE. A  systematic review of the
and metabolic intensity of yoga. Med Sci Sports
48:1558-69. doi: 10.1249/MSS.0000000000000922

Cramer H, Lauche R, Langhorst J, Dobos G. Yoga for depression: a
systematic review and meta-analysis. Depress Anxiety. (2013) 30:1068-
83. doi: 10.1002/da.22166

Bussing A, Michalsen A, Khalsa SBS, Telles S, Sherman KJ. Effects of yoga
on mental and physical health: a short summary of reviews. Evid Based
Complement Alternat Med. (2012) 2012:165410doi: 10.1155/2012/165410
Brandani JZ, Mizuno J, Ciolac EG, Monteiro HL. The hypotensive effect of
yoga’s breathing exercises: a systematic review. Complement Ther Clin Pract.
(2017) 28:38-46. doi: 10.1016/j.ctcp.2017.05.002

Innes KE, Vincent HK. The influence of yoga-based programs on risk profiles
in adults with type 2 diabetes mellitus: a systematic review. Evid Based
Complement Alternat Med. (2007) 4:469-86. doi: 10.1093/ecam/nel103

Riley KE, Park CL. How does yoga reduce stress? A systematic review of
mechanisms of change and guide to future inquiry. Health Psychol Rev. (2015)
9:379-96. doi: 10.1080/17437199.2014.981778

interventions for
(2012)

cost
(2016)

energy
Exerc.

Pascoe  MC, Thompson DR, Ski CF. Yoga, mindfulness-based
stress  reduction  and  stress-related  physiological = measures:
a meta-analysis. Psychoneuroendocrinology. (2017) 86:152—

68. doi: 10.1016/j.psyneuen.2017.08.008

Rooke J. The Metabolic Demand of a Vinyasa Yoga Session. Saskatoon:
University of Saskatchewan (2014).

Cramer H, Lauche R, Anheyer D, Pilkington K, de Manincor M, Dobos G,
et al. Yoga for anxiety: a systematic review and meta-analysis of randomized
controlled trials. Depress Anxiety. (2018) 35:830-43. doi: 10.1002/da.
22762

Anheyer D, Koch AK, Thoms MS, Dobos G, Cramer H. Yoga in
women with abdominal obesity — Do lifestyle factors mediate the

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

effect? Secondary analysis of a RCT. Complement Ther Med. (2021)
60:102741. doi: 10.1016/j.ctim.2021.102741

Bock BC, Dunsiger SI, Rosen RK, Thind H, Jennings E, Fava JL, et al.
Yoga as a complementary therapy for smoking cessation: results from
BreathEasy, a randomized clinical trial. Nicotine Tob Res. (2019) 21:1517-
23. doi: 10.1093/ntr/nty212

Chandrasekaran AM, Kinra S, Ajay VS, Chattopadhyay K, Singh K, Singh K,
etal. Effectiveness and cost-effectiveness of a yoga-based cardiac rehabilitation
(Yoga-CaRe) program following acute myocardial infarction: study rationale
and design of a multi-center randomized controlled trial. Int ] Cardiol. (2019)
280:14-8. doi: 10.1016/j.jjcard.2019.01.012

Posadzki P, Cramer H, Kuzdzal A, Lee MS, Ernst E. Yoga for hypertension: a
systematic review of randomized clinical trials. Complement Ther Med. (2014)
22:511-22. doi: 10.1016/j.ctim.2014.03.009

Tyagi A, Cohen M. Yoga and hypertension: a systematic review. Altern Ther
Health Med. (2014) 20:32-59.

Wang J, Xiong X, Liu W. Yoga for essential hypertension: a systematic review.
PLoS ONE. (2013) 8:76357. doi: 10.1371/journal.pone.0076357

Cramer H, Haller H, Lauche R, Steckhan N, Michalsen A, Dobos G,
et al. Systematic review and meta-analysis of yoga for hypertension. Am J
Hypertens. (2014) 27:1146-51. doi: 10.1093/ajh/hpu078

Park S-H, Han KS. Blood pressure response to meditation and yoga:
a systematic review and meta-analysis. ] AlternComplement Med. (2017)
23:685-95. doi: 10.1089/acm.2016.0234

Wu Y, Johnson BT, Acabchuk RL, Chen S, Lewis HK, Livingston J, et al. Yoga
as antihypertensive lifestyle therapy: a systematic review and meta-analysis.
Mayo Clin Proc. (2019) 94:432-46. doi: 10.1016/j.mayocp.2018.09.023
Murray A, Wilson K. Yoga and hypertension: A systematic review. ] Yoga Phys
Ther. (2018) 8:1-9. doi: 10.4172/2157-7595.1000289

Tufanaru C, Munn Z, Aromataris E, Campbell JLH. Chapter 3: Systematic
Reviews of Effectiveness. In: Aromataris E, Munn Z, editors. Joanna Briggs
Institute Reviewer’s Manual: The Joanna Briggs Institute (2017).

Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC,
Toannidis JPA, et al. The PRISMA statement for reporting systematic
and meta- analyses of studies that evaluate health care
interventions: explanation and elaboration. J Clin Epidemiol. (2009)
62:e1-34. doi: 10.1016/j.jclinepi.2009.06.006

Nalbant G, Lewis S, Chattopadhyay K. Content, structure, and delivery
characteristics of yoga interventions for managing hypertension: a systematic
review protocol. Int ] Yoga. (2020) 13: 111-4. doi: 10.4103/ijoy.]JOY_88_19
The Endnote Team. EndNote. Endnote X8. 2 ed. Philadelphia, PA: Clarivate
(2018).

Mourad O, Hossam H, Zbys F, Ahmed E. Rayyan — a web and mobile app for
systematic reviews. Syst Rev. (2016) 5:210. doi: 10.1186/s13643-016-0384-4
Tufanaru C, Munn Z, Aromataris E, Campbell J. Systematic reviews of
effectiveness. In: Joanna Briggs Institute Reviewer’s Manual. The Joanna Briggs
Institute (2017). Available online at: https://reviewersmanual joannabriggs.
org/ (accessed January 13, 2021).

Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M, et al. 2013
ESH/ESC Guidelines for the management of arterial hypertension: the task
force for the management of arterial hypertension of the European Society
of Hypertension (ESH) and of the European Society of Cardiology (ESC). J
Hypertens. (2013) 31:1281-357. doi: 10.1097/01.hjh.0000431740.32696.cc
Review Manager (RevMan) [Computer program]. Version 5.4. The Cochrane
Collaboration (2020).

Ankolekar VH, Reddy GG, Sanju SVC, Mamatha H. Role of yoga intervention
on quality of life and prehypertension. Indian J Tradit Knowl. (2019) 18:351-5.
Misra S, Smith J, Wareg N, Hodges K, Gandhi M, McElroy JA.
Take a deep breath: A trial of Pranayama
breathing on uncontrolled hypertension. Adv Integr Med. (2018)
6:66-72. doi: 10.1016/j.aimed.2018.08.002

Cramer H, Sellin C, Schumann D, Dobos G. Yoga in arterial hypertension: a
three-armed, randomized controlled trial. Dtsch Arztebl Int. (2018) 115:833—
9. doi: 10.3238/arztebl.2018.0833

Cohen DL, Boudhar S, Bowler A, Townsend RR. Blood pressure effects of
yoga, alone or in combination with lifestyle measures: Results of the lifestyle
modification and blood pressure study (LIMBS). ] Clin Hypertens. (2016)
18:809-16. doi: 10.1111/jch.12772

reviews

randomized control

Frontiers in Public Health | www.frontiersin.org

March 2022 | Volume 10 | Article 846231


https://doi.org/10.1016/j.gheart.2015.04.006
https://doi.org/10.1097/HJH.0000000000000065
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://apps.who.int/iris/bitstream/handle/10665/79059/WHO_DCO_WHD_2013.2_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/79059/WHO_DCO_WHD_2013.2_eng.pdf
https://doi.org/10.1155/2013/649836
https://doi.org/10.1002/14651858.CD010072.pub2
https://doi.org/10.1155/2012/143271
https://doi.org/10.4103/ijoy.IJOY_106_20
https://doi.org/10.1186/1472-6882-7-40
https://doi.org/10.1249/MSS.0000000000000922
https://doi.org/10.1002/da.22166
https://doi.org/10.1155/2012/165410
https://doi.org/10.1016/j.ctcp.2017.05.002
https://doi.org/10.1093/ecam/nel103
https://doi.org/10.1080/17437199.2014.981778
https://doi.org/10.1016/j.psyneuen.2017.08.008
https://doi.org/10.1002/da.22762
https://doi.org/10.1016/j.ctim.2021.102741
https://doi.org/10.1093/ntr/nty212
https://doi.org/10.1016/j.ijcard.2019.01.012
https://doi.org/10.1016/j.ctim.2014.03.009
https://doi.org/10.1371/journal.pone.0076357
https://doi.org/10.1093/ajh/hpu078
https://doi.org/10.1089/acm.2016.0234
https://doi.org/10.1016/j.mayocp.2018.09.023
https://doi.org/10.4172/2157-7595.1000289
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.4103/ijoy.IJOY_88_19
https://doi.org/10.1186/s13643-016-0384-4
https://reviewersmanual.joannabriggs.org/
https://reviewersmanual.joannabriggs.org/
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1016/j.aimed.2018.08.002
https://doi.org/10.3238/arztebl.2018.0833
https://doi.org/10.1111/jch.12772
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Nalbant et al.

Yoga Interventions for Managing Hypertension

48. Punita P, Trakroo M, Palamalai SR, Subramanian SK, Bhavanani AB, 66. Mourya M, Mahajan AS, Singh NP, Jain AK. Effect of slow- and fast-breathing
Madhavan C. Randomized controlled trial of 12-week yoga therapy as exercises on autonomic functions in patients with essential hypertension.
lifestyle intervention in patients of essential hypertension and cardiac J Altern Complement Med. (2009) 15:711-7. doi: 10.1089/acm.200
autonomic function tests. Natl ] Physiol Pharm Pharmacol. (2016) 6:19- 8.0609
26. doi: 10.5455/njppp.2015.5.2408201572 67. Kettner C, Mayer-Berger W, Moebus S, Pieper C, Marr A, Brautigam U.

49. Wolff M, Rogers K, Erdal B, Chalmers JP, Sundquist K, Midlov P. Impact Evaluation der nachhaltigkeit von viniyoga in der stationdren rehabilitation von
of a short home-based yoga programme on blood pressure in patients with patienten mit arterieller hypertonie. Diisseldorf: Universitétsklinikum Essen
hypertension: a randomized controlled trial in primary care. ] Hum Hypertens. (2010). Available online at: http://www.refonet.net/projekte/documents/
(2016) 30:599-605. doi: 10.1038/jhh.2015.123 04008Abschlussberichtfinal.pdf (accessed April 5, 2021).

50. Patil SG, Aithala MR, Das KK. Effect of yoga on arterial stiffness in elderly 68. Supriya R, Yu AP, Lee PH, Lai CW, Cheng KK, Yau SY, et al. Yoga
subjects with increased pulse pressure: a randomized controlled study. training modulates adipokines in adults with high-normal blood pressure
Complement Ther Med. (2015) 23:562-9. doi: 10.1016/j.ctim.2015.06.002 and metabolic syndrome. Scand ] Med Sci Sports. (2018) 28:1130-

51. Prakash S, Gupta R. To study the role of yoga in management of hypertension. 8. doi: 10.1111/sms.13029
Int ] Biomed Adv Res. (2015) 6:686-88. doi: 10.7439/ijbar.v6i10.2379 69. Pushpanathan P, Trakroo M, Swaminathan RP, Madhavan C. Heart rate

52. Sriloy M, Nair PMK, Pranav K, Sathyanath D. Immediate effect of manual variability by Poincare plot analysis in patients of essential hypertension
acupuncture stimulation of four points versus slow breathing in declination and 12-week yoga therapy. Natl ] Physiol Pharm Pharmacol. (2015) 5:174-
of blood pressure in primary hypertension-a parallel randomized control trial. 80. doi: 10.5455/njppp.2015.5.1012201412
Acupunct Related Ther. (2015) 3:15-8. doi: 10.1016/j.arthe.2015.08.001 70. Patil S, Dhanakshirur G, Aithala M, Das K. Comparison of the

53. Hagins M, Rundle A, Consedine NS, Khalsa SBS. A randomized controlled effects of yoga and lifestyle modification on grade-I hypertension
trial comparing the effects of yoga with an active control on ambulatory blood in elderly males: a preliminary study. Int J Clin Exp Physiol. (2014)
pressure in individuals with prehypertension and stage 1 hypertension. J Clin 1:68-72. doi: 10.4103/2348-8093.129747
Hypertens. (2014) 16:54-62. doi: 10.1111/jch.12244 71. Shantakumari N, Sequeira S, Eldeeb R. Effect of a yoga intervention

54. Patil SG, Dhanakshirur GB, Aithala MR, Naregal G, Das KK. Effect of yoga on on hypertensive diabetic patients. | Adv Intern Med. (2012) 1:60-3.
oxidative stress in elderly with grade-I hypertension: a randomized controlled doi: 10.3126/jaim.v1i2.6526
study. J Clin Diagn Res. (2014) 8:BC04-7. doi: 10.7860/JCDR/2014/9498.4586 72. Fetter C, Marques J, Appratto de Souza L, Dartora D, Eibel B,

55. Thiyagarajan R, Pal P, Pal G, Subramanian S, Trakroo M, Bobby Z, et al. Boll L, et al. Additional improvement of respiratory technique
Additional benefit of yoga to standard lifestyle modification on blood pressure on vascular function in hypertensive postmenopausal ~women
in prehypertensive subjects: a randomized controlled study. Hypertens Res. following yoga or stretching video classes: the YOGINI study. Front
(2015) 38:48-55. doi: 10.1038/hr.2014.126 Physiol. (2020)

56. Sujatha T, Judie A. Effectiveness of a 12-week yoga program on 73. Ghati N, Killa A, Sharma G, Karunakaran B, Agarwal A, Mohanty S, et al.
physiopsychological parameters in patients with hypertension. Int J Pharm A randomised trial of the immediate effect of bee-humming breathing
Clin Res. (2014) 6:329-35. exercise on blood pressure and heart rate variability in patients with

57. Telles S, Yadav A, Kumar N, Sharma S, Visweshwaraiah NK, Balkrishna A. essential hypertension. Explore. (2021) 17:312-9. doi: 10.1016/j.explore.2020.
Blood pressure and Purdue pegboard scores in individuals with hypertension 03.009
after alternate nostril breathing, breath awareness, and no intervention. Med 74. Gadgil P, Borkar T. To study immediate effect of slow and fast pranayama on
Sci Monit. (2013) 19:61-6. doi: 10.12659/MSM.883743 blood pressure in pre hypertensive postmenopausal women. Int J Appl Res.

58. Bhavanani AB, Madanmohan, Sanjay Z, Basavaraddi IV. Immediate (2019) 5:138-42.
cardiovascular effects of pranava relaxation in patients with hypertension and 75. Thanalakshmi J, Maheshkumar K, Kannan R, Sundareswaran L,
diabetes. Biomed Hum Kinet. (2012) 4:66-9. doi: 10.2478/v10101-012-0012-2 Venugopal V, Poonguzhali S. Effect of Sheetali pranayama on cardiac

59. Cohen DL, Bloedon LT, Rothman RL, Farrar JT, Galantino ML, autonomic function among patients with primary hypertension -
Volger S, et al. Iyengar yoga versus enhanced usual care on blood a randomized controlled trial. Complement Ther Clin Pract. (2020)
pressure in patients with prehypertension to stage I hypertension: a 39:101138. doi: 10.1016/j.ctcp.2020.101138
randomized controlled trial. Evid Based Complement Alternat Med. (2011) 76. Sathe S, Rajandekar T, Thodge K, Bhawane A, Thatere U. Immediate effect
2011:546428. doi: 10.1093/ecam/nep130 of buteyko breathing and Bhramari pranayama on blood pressure, heart rate

60. Khadka R, Paudel BH. Effect of yoga on cardiovascular autonomic reactivity and oxygen saturation in hypertensive patients: a comparative study. Indian |
in essential hypertensive patients. Health Renaissance. (2017) 8:102-9. Forensic Med Toxicol. (2020) 14:7106-11. doi: 10.37506/ijfmt.v14i4.12764
doi: 10.3126/hren.v8i2.4421 77. Dhungana RR, Pedisic Z, Joshi S, Khanal MK, Kalauni OP, Shakya

61. Saptharishi L, Soudarssanane M, Thiruselvakumar D, Navasakthi D, A, et al. Effects of a health worker-led 3-month yoga intervention
Mathanraj S, Karthigeyan M, et al. Community-based randomized controlled on blood pressure of hypertensive patients: a randomised controlled
trial of non-pharmacological interventions in prevention and control of multicentre trial in the primary care setting. BMC Public Health. (2021)
hypertension among young adults. Indian ] Community Med. (2009) 34:329- 21:550. doi: 10.1186/512889-021-10528-y
34. doi: 10.4103/0970-0218.58393 78. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher

62. Murugesan R, Govindarajulu N, Bera TK. Effect of selected yogic practices on D, et al. Better reporting of interventions: template for intervention
the management of hypertension. Indian J Physiol Pharmacol. (2000) 44:207- description and replication (TIDieR) checklist and guide. BMJ. (2014)
10. 348:g1687. doi: 10.1136/bmj.g1687

63. McCaffrey R, Ruknui P, Hatthakit U, Kasetsomboon P. The effects of yoga 79. Ward L, Nault D, Cramer H, Moonaz S. Development of
on hypertensive persons in Thailand. Holist Nurs Pract. (2005) 19:173- the  CLARIFY  (CheckList stAndardising the  Reporting of
80. doi: 10.1097/00004650-200507000-00009 Interventions  For ~ Yoga) guidelines: a  delphi study. BMJ

64. Roche LT, Barrachina MTM, Fernandez, II, Betancort M. YOGA and Open. (2022) 12:e054585. doi: 10.1136/bmjopen-2021-0
self-regulation in management of essential arterial hypertension and 54585
associated emotional symptomatology: a randomized controlled trial. 80. Chattopadhyay K, Chandrasekaran AM, Praveen PA, Manchanda SC, Madan
Complement Ther Clin Pract. (2017) 29:153-61. doi: 10.1016/j.ctcp.2017. K, Ajay VS, et al. Development of a yoga-based cardiac rehabilitation (Yoga-
09.012 CaRe) programme for secondary prevention of myocardial infarction. Evid

65. Shetty P, Reddy BKK, Lakshmeesha DR, Shetty SP, Kumar G S, Bradley Based Complement Alternat Med. (2019) 2019:7470184. doi: 10.1155/2019/74
R. Effects of Sheetali and Sheetkari pranayamas on blood pressure 70184
and autonomic function in hypertensive patients. Integr Med. (2017) 81. Petropoulou M, Efthimiou O, Riicker G, Schwarzer G, Furukawa TA, Pompoli
16:32-7. A, et al. A review of methods for addressing components of interventions in

Frontiers in Public Health | www.frontiersin.org 14 March 2022 | Volume 10 | Article 846231


https://doi.org/10.5455/njppp.2015.5.2408201572
https://doi.org/10.1038/jhh.2015.123
https://doi.org/10.1016/j.ctim.2015.06.002
https://doi.org/10.7439/ijbar.v6i10.2379
https://doi.org/10.1016/j.arthe.2015.08.001
https://doi.org/10.1111/jch.12244
https://doi.org/10.7860/JCDR/2014/9498.4586
https://doi.org/10.1038/hr.2014.126
https://doi.org/10.12659/MSM.883743
https://doi.org/10.2478/v10101-012-0012-2
https://doi.org/10.1093/ecam/nep130
https://doi.org/10.3126/hren.v8i2.4421
https://doi.org/10.4103/0970-0218.58393
https://doi.org/10.1097/00004650-200507000-00009
https://doi.org/10.1016/j.ctcp.2017.09.012
https://doi.org/10.1089/acm.2008.0609
http://www.refonet.net/projekte/documents/04008Abschlussberichtfinal.pdf
http://www.refonet.net/projekte/documents/04008Abschlussberichtfinal.pdf
https://doi.org/10.1111/sms.13029
https://doi.org/10.5455/njppp.2015.5.1012201412
https://doi.org/10.4103/2348-8093.129747
https://doi.org/10.3126/jaim.v1i2.6526
https://doi.org/10.1016/j.explore.2020.03.009
https://doi.org/10.1016/j.ctcp.2020.101138
https://doi.org/10.37506/ijfmt.v14i4.12764
https://doi.org/10.1186/s12889-021-10528-y
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.1136/bmjopen-2021-054585
https://doi.org/10.1155/2019/7470184
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Nalbant et al.

Yoga Interventions for Managing Hypertension

meta-analysis. PLoS ONE. (2021) 16:e0246631. doi: 10.1371/journal.pone.02
46631

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those
of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

Copyright © 2022 Nalbant, Hassanein, Lewis and Chattopadhyay. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Public Health | www.frontiersin.org

15

March 2022 | Volume 10 | Article 846231


https://doi.org/10.1371/journal.pone.0246631
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Content, Structure, and Delivery Characteristics of Yoga Interventions for Managing Hypertension: A Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Introduction
	Materials and Methods
	Inclusion Criteria
	Population
	Intervention
	Comparator
	Outcome
	Study Design

	Data Sources and Search Strategy
	Screening and Full-Text Reading
	Methodological Quality Assessment
	Data Extraction
	Data Synthesis

	Results
	Study Selection
	Description of the Included Studies
	Description of the Included Interventions and Comparators
	Methodological Quality of the Studies
	Adverse Events
	Publication Bias
	Meta-Analysis to Determine Study Effectiveness
	Details of the Yoga Interventions
	Content
	Structure
	Delivery Characteristics (Context, Supervision, and Intervention Uptake and Adherence)


	Discussion
	Methodological Quality of the Studies
	Recommendations for Future Research and Practice
	Strengths and Weaknesses

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


