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Yoga in Arterial Hypertension
A Three-Armed, Randomized Controlled Trial

Holger Cramer, Charlotte Sellin, Dania Schumann, Gustav Dobos

T he average blood pressure of the German popu-
lation is decreasing, and a growing proportion of 
those with hypertension are receiving treatment. 

Nevertheless, arterial hypertension remains a serious 
health problem (1). Across the world, 9.4 million 
deaths each year are caused by excessively high blood 
pressure. The World Health Organization has pin-
pointed hypertension as one of the principal causes of 
premature morbidity and mortality in both developed 
and developing countries (2). 

International medical guidelines recommend life-
style changes for patients with arterial hypertension, 
e.g., physical activity and stress management (3). Yoga 
can comprise such a lifestyle-modifying intervention 
(4, 5). In western societies yoga is generally associated 
with specific body postures as well as breathing and/or 
meditation techniques (4, 6); various schools have 
 developed with differing degrees of emphasis on the 
physical and mental aspects of yoga (6).

Three fourths of German residents who practice 
yoga state that they do so primarily for health reasons 
(7), and clinical studies have shown that the positive 
effects include a beneficial influence on physical and 
mental risk factors for hypertension (8, 9). However, 
no studies have yet been carried out in this country to 
ascertain the effect of yoga on hypertension, and the 
German guidelines do not take account of the exist-
ing evidence from other countries regarding yoga and 
related interventions (10). For example, a recent 
meta-analysis of studies on arterial hypertension and 
prehypertension performed in different countries (11) 
showed that yoga achieved significant reductions in 
systolic and diastolic blood pressure. In subgroup 
analyses, however, these effects were confirmed only 
for arterial hypertension. In studies that included both 
prehypertensive and hypertensive patients, the effects 
did not attain significance (mean difference: 
0.9 mmHg systolic and 0.1 mmHg  diastolic). More-
over, effects were demonstrated in studies that per-
mitted individual antihypertensive co-medication, 
but not in those that excluded it (11). Finally, yoga 
was effective only in studies that included breathing 
and/or meditation techniques but no yoga postures. 
Studies that included yoga postures (alone or accom-
panied by breathing and meditation techniques) 
showed no significant effects (11). However, we are 
not aware of any studies in which the blood 
 pressure–lowering effects of different yoga styles 
were compared directly. We therefore set out to 

Summary
Background: Yoga seems to exert its effect against arterial hypertension mainly 
through the associated breathing and meditation techniques, and less so through 
yoga postures. The goal of this trial was to compare the blood pressure–lowering 
 effect of yoga interventions with and without yoga postures in patients with arterial 
hypertension.

Methods: 75 patients taking medications for arterial hypertension (72% women, 
mean age 58.7 ± 9.5 years) were randomized into three groups: a yoga intervention 
group with yoga postures (25 patients, of whom 5 dropped out of the trial before its 
end), a yoga intervention group without yoga postures (25 patients, 3 dropouts), and 
a wait list control group (25 patients, one dropout). The interventions consisted of 90 
minutes of yoga practice per week for twelve weeks. The data collectors, who were 
blinded to the intervention received, assessed the primary outcome measures 
 “systolic 24-hour blood pressure” and “diastolic 24-hour blood pressure” before and 
after the intervention. In this report, we also present the findings on secondary 
 outcome measures, including follow-up data. 

Results: After the intervention, the systolic 24-hour blood pressure in the yoga 
 intervention group without yoga postures was significantly lower than in the control 
group (group difference [Δ]= −3.8 mmHg; [95% confidence interval (CI): (−0.3; −7.4) 
p = 0.035]); it was also significantly lower than in the yoga intervention group with 
yoga postures (Δ = −3.2 mmHg; 95% CI: [−6.3; −0.8]; p = 0.045). Diastolic blood 
pressures did not differ significantly across groups. No serious adverse events were 
encountered in the course of the trial. 

Conclusion: In accordance with the findings of earlier studies, we found that only 
yoga without yoga postures induced a short-term lowering of ambulatory systolic 
blood pressure. Yoga is safe and effective in patients taking medications for arterial 
hypertension and thus can be recommended as an additional treatment option for 
persons in this category.
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 investigate the efficacy of yoga interventions with 
and without yoga postures—as an accompaniment to 
antihypertensive medication—in lowering the 24-h 
blood pressure of patients with arterial hypertension. 
Our hypothesis was that the systolic and diastolic 
blood pressure would be lower following an inter-
vention without yoga postures than in the absence of 
any specific intervention or after an intervention with 
yoga postures.

Methods
Study design
The study was carried out as a three-armed, single-
center, randomized controlled trial between May 2016 
and April 2017. Data acquisition ensued in blinded 
fashion. Study conduct adhered to the tenets of the 
 Helsinki Declaration (12), and the report was written in 
conformance with the CONSORT 2010 Statement (13). 
Before the commencement of patient  recruitment, 
 approval was obtained from the ethics committee of 
the University of Duisburg–Essen  (project number: 
15–6726-BO) and the study was  registered at Clinical
Trials.gov (registration number: NCT02727140). 

Participants were recruited by means of appeals in 
the local press and via the e-mail distribution lists of 
local companies. Patients who came forward and 

 fulfilled the inclusion criteria were recruited. They re-
ceived detailed written and verbal information about 
the study before signing a consent form to indicate 
their agreement to participate.

Inclusion criteria
To be included in the study, patients had to be at least 
18 years old with primary arterial hypertension 
(>140 mmHg systolic and/or >90 mm Hg diastolic 
blood pressure). Moreover, they had to be receiving 
antihypertensive medication from their primary care 
physician or specialist at the time of investigation. Fur-
thermore, they had to agree to the following conditions:

● No alteration of their antihypertensive medication 
in the next 7 months

● Participation in at least 10 of the 12 yoga sessions 
in the study program

● Additional unsupervised yoga sessions at home.
The reasons for exclusion included the following 

diseases and circumstances:
● Secondary hypertension
● Severe psychiatric comorbidities (major depres -

sion, dependency disorders, or psychosis)
● Coronary heart disease, myocardial infarction, pul-

monary embolism, or stroke in the previous 
3 months

FIGURE 1 

Flow chart of study participation: Yoga A = yoga with yoga postures,  Yoga B = yoga without yoga postures

Telephone screening (n = 554)

Medical examination (n = 77)

Randomization (n = 75)

Allocated to Yoga A (n = 25)

Study discontinuation (total: n = 3)
acute illness (n = 3)

Analyzed at week 12 (n = 25)

Study discontinuation (total: n = 2)
acute illness  (n = 1)

broke off contact (n = 1)

Analyzed at week  28 (n = 25)

Allocated to Yoga B (n = 25)

Study discontinuation (total: n = 3)
acute illness (n = 2)

broke off contact (n =1)

Analyzed at week  12 (n = 25)

Study discontinuation (total: n = 0)

Analyzed at week 28 (n = 25)

Allocated to control (n = 25)

Study discontinuation (total: n = 0)

Analyzed at week 12 (n = 25)

Study discontinuation (total: n = 1)
acute illness (n = 1)

Analyzed at week 28 (n = 25)

Unsuitable (total: n = 477)
not interested (n = 107)

infringement of inclusion criteria (n = 281)
lack of time (n = 89)

Unsuitable  (total: n = 2)
infringement of inclusion criteria (n = 2)
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● Heart failure of NYHA stage ≥ I 
● Peripheral arterial occlusive disease of stage ≥ 1
● Renal failure of stage >2 with glomerular filtration 

rate (GFR) <60 mL/min/1.73 m²
● Participation in any other clinical studies at the 

time of commencement of our trial or planned par-
ticipation in such studies in the next 28 weeks

● Pregnancy or breastfeeding.

Randomization
The patients were stratified by sex and divided by block 
randomization with randomly varying block sizes into 
the three following groups (ratio 1 : 1 : 1):

● An intervention with yoga postures
● An intervention without yoga postures 
● A wait list control group.
A biometrician who was not involved in patient re-

cruitment or data acquisition used Random Allocation 
Software (14) to generate a password-protected ran -
domization list to which only he had access. On the 
basis of this randomization list, opaque envelopes 
 containing the study group allocation were numbered 
consecutively and sealed. Once a patient had signed 
the consent form and baseline data acquisition had 
been concluded, the study physician opened the en-
velope with the lowest remaining serial number and 
the patient was allocated to a group accordingly. The 
Cochrane Handbook for Systematic Reviews of Inter-
ventions describes this as a randomization method with a 
low risk of bias (15). At the end of the study, the bio -
metrician checked the group allocations and found that 
all patients had been allocated correctly and according to 
the randomization list.

Interventions
Yoga
The two interventions were carried out by the same 
two yoga instructors. Each intervention comprised a 
90-min session once each week for 12 weeks. In the 
intervention that included yoga postures, each session 
consisted of 45 min yoga postures and 45 min 
 breathing, meditation, and relaxation techniques as 
well as short presentations and question-and-answer 
rounds. The yoga intervention without yoga postures 
consisted of only breathing, meditation, and 
 relaxation techniques, short presentations, and 
 question-and-answer rounds (eSupplement).

The study participants were encouraged to practice 
yoga and meditation every day at home, but no mini-
mum duration was recommended. The exercises to be 
performed at home were explained in detail in the 
yoga sessions. Furthermore, the patients were given 
audio recordings of the yoga sessions and training 
manuals to support their unsupervised exercises. Dur-
ing the 12-week intervention period the participants 
noted in a diary how many minutes they spent on their 
exercises each day. At the end of the study (week 28), 
the patients were asked to state the average weekly 
duration of their exercises during the follow-up 
 period. 

TABLE 

Sociodemographic and clinical characteristics at the start of the study

*1 Mean ± standard deviation; *2 n (% of n); *3 Data on education were missing for one patient

Sociodemographic characteristics

Age, years*1

Sex

Female*2

Male*2

Height, cm*1

Weight, kg*1

Marital status*2

Married/stable partnership

Single

Education*3

Year 9 lower secondary school 
 certificate (Hauptschulabschluss)

Year 10 intermediate secondary school 
 certificate (Realschulabschluss)

University entrance qualification

University/technical university degree

Occupation*2

Employed full-time

Employed part-time

Unemployed

Blood pressure, mmHg*1

Systolic/24 h

Diastolic/24 h

Systolic, diurnal

Diastolic, diurnal

Systolic, nocturnal

Diastolic, nocturnal

Heart rate, beats/min*1

24 h

Diurnal 

Nocturnal

Expectation of effect 

Antihypertensive medication*2

ACE inhibitors/AT1-receptor blockers

Diuretics

Beta blockers

Calcium channel blockers

Alpha blockers

Yoga A
(n = 25)

59.4 ± 9.1

18 (72.0%)

7 (28.0%)

171.3 ± 8.9

85.4 ± 15.2

4 (16.0%)

21 (84.0%)

5 (20.0%)

14 (56.0%)

2 (8.0%)

4 (16.0%)

2 (8.0%)

8 (32.0%)

15 (60.0%)

135.4 ± 11.6

82.5 ± 10.3

137.1 ± 11.5

84.2 ± 10.5

122.4 ± 16.0

71.5 ± 12.0

73.0 ± 12.4

74.2 ± 12.9

65.2 ± 10.7

7.3 ± 1.7

21 (84.0%)

10 (40.0%)

13 (52.0%)

9 (36.0%)

2 (8.0%)

Yoga B
(n = 25)

56.5 ± 10.6

18 (72.0%)

7 (28.0%)

169.6 ± 8.2

87.9 ± 27.9

4 (16.0%)

21 (84.0%)

3 (12.0%)

10 (40.0%)

4 (16.0%)

8 (32.0%)

5 (20.0%)

9 (36.0%)

11 (44.0%)

131.7 ± 11.3

81.1 ± 10.9

133.4 ± 11.7

82.5 ± 11.3

121.0 ± 11.8

72.7 ± 9.3

73.5 ± 10.1

75.0 ± 10.1

63.1 ± 7.7

6.1 ± 2.1

23 (92.0%)

9 (36.0%)

8 (32.0%)

8 (32.0%)

1 (4.0%)

Control
(n = 25)

57.0 ± 8.7

18 (72.0%)

7 (28.0%)

168.0 ± 8.0

80.5 ± 13.5

7 (28.0%)

17 (72.0%)

8 (32.0%)

7 (28.0%)

5 (20.0%)

4 (16.0%)

8 (32.0%)

4 (16.0%)

13 (52.0%)

133.3 ± 9.8

81.1 ± 9.1

135.5 ± 9.3

82.7 ± 9.2

120.0 ± 15.1

71.2 ± 10.4

70.8 ± 7.6

72.2 ± 7.9

62.1 ± 6.3

3.9 ± 2.3

23 (92.0%)

10 (40.0%)

6 (24.0%)

9 (36.0%)

5 (20.0%)
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Control group
The study participants allocated to the control group 

were put on a waiting list. They did not take part in any 

yoga interventions in the first 12 weeks of the study and 

were asked not to begin any yoga exercises or other 

new physical activities during this time. At the end of 

the 28th week of the study, the members of the control 

group were offered the opportunity to participate in an 

intervention corresponding to either of the other two 

study groups.

Outcome measures
The person who acquired the data was not involved in 

patient recruitment, group allocation, or the interven-

tions and was blinded to group allocation for the whole

duration of the study. Systolic and diastolic 24-h blood 

pressure were defined as primary outcome measures 

and were determined using an internationally accepted 

digital blood pressure monitor (Mobil-O-Graph PWA, 

I.E.M., Stolberg, Germany) (16). The systolic and 

 diastolic blood pressure at week 28 were documented as 

secondary outcome measures. The first measurement, at 

week 1, took place within the week immediately 

preceding the beginning of the intervention and the

 second measurement, at week 12, was performed in the 

week after the end of the intervention. The blood 

 pressure measurement started at the same time of day at 

all three documentation points. Incorrect measurements

were automatically deleted by means of standardized 

 algorithms in the software of the blood pressure moni-

tor. The secondary outcome measures are described in 

full in the eSupplement.
All adverse events that occurred during the study 

period were recorded and classified according to the 

criteria of the U.S. Food and Drug Administration

(17). Any participant who experienced an adverse

event was asked to consult the study physician so that 

he/she could assess the severity of the event and take 

any necessary steps. At weeks 12 and 28 the partici-

pants were asked open questions to document any 

previously unmentioned adverse events. The patients 

were requested to report all adverse events that 

 occurred during the study period, whether or not they 

had any possible connection with the study interven-

tion.

Sample size calculation and statistical analysis
The necessary sample size was calculated a priori
based on a meta-analysis according to which the sys-

tolic blood pressure was 14.13 mmHg lower following 

yoga interventions, corresponding to an effect size of 

d = 1.35 (11). On the basis of this effect, 17 patients per 

study group would be needed for a t-test with a two-

sided significance level of α = 0.05. This would enable 

detection of a corresponding group difference with 

80% power. To rule out the loss of power that would re-

sult from a drop-out rate of up to 30%, 75 patients (25

per group) were included in the study.

The outcome criteria were evaluated on the basis of 

the intention-to-treat principle: all randomized pa-

tients were included in analysis, regardless of whether 

the data were complete or whether the study protocol 

was followed correctly. Missing values, i.e., variables 

for which there were no data for a given patient at a 

particular measurement time, were multiply imputed 

by means of the Markov chain Monte Carlo pro-

cedure (18, 19). This resulted in a total of 50 

 complete data sets that each contained full data for 

all 75  patients and were combined for purposes of 

analysis. 

All linear outcome measures (blood pressure, heart 

rate, questionnaire data) were evaluated by means of 

univariate analyses of covariance (ANCOVA). The

outcome measure (dependent variable) was modeled 

as function of the following parameters:

FIGURE 2 

Effects on the primary outcome measure of 24-h blood pressure at week 1 and week 12 
(mean ± standard deviation) in the intervention group with yoga postures  (Yoga A), the inter-
vention group without yoga postures  (Yoga B), and the control group. Effects on the 24-h blood 
pressure at week 28 are shown in eTable 1.
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● Group allocation (independent variable)
● Expectation of effect (covariate) 
● The respective baseline value (covariate).
This enabled determination of the overall effect 

 estimates, the 95% confidence interval, and the 
p value. ANCOVA are recommended for evaluation 
of clinical studies because they control for possible 
baseline differences and ascertain group differences 
for all group comparisons and all measurement times. 
Moreover, they possess greater power than other 
 statistical methods (20). 

All analyses were carried out using Statistical 
Package for Social Sciences software (IBM SPSS 
Statistics for Windows, Version 22.0, Armonk, NY, 
USA: IBM Group). A p value <0.05 was interpreted 
as showing a significant difference.

Results
Patients
Seventy-five patients fulfilled all the inclusion criteria 
and were included in the study after providing written 
informed consent. They were assigned randomly to the 
yoga group with yoga postures (n = 25), the yoga group 
without yoga postures (n = 25), or the control group 
(n = 25). Five members of the group with yoga postures 
(20.0%), three of the group without yoga postures 
(12.0%), and one patient in the control group (4.0%) 
did not complete the study program (Figure 1; 
p = 0.22). Therefore, missing values were multiply 
 imputed for six participants at week 12 and nine 
 patients at week 28. At each of these time points 
 missing blood pressure values had to be imputed 
for three further patients who felt uncomfortable 
with the measuring device and broke off the measure-
ment early. The patients’ characteristics are shown in 
Table 1.

Ambulatory blood pressure measurement
At 12 weeks the systolic 24-h blood pressure (a 
 primary outcome measure) was significantly lower in 
the group without yoga postures than in the group with 
yoga postures (p = 0.045; Figure 2; eTable 1) or the 
control group (p = 0.035). At 28 weeks the reverse was 
found: the systolic 24-h blood pressure in the group 
with yoga postures was significantly lower than in the 
control group (p = 0.022) and in the group without 
yoga postures (p = 0.037; eTable 1). At no time were 
there any intergroup differences with regard to 
 diastolic 24-h blood pressure (Figure 2, eTable 1). 
Further results of the ambulatory measurement of 
blood pres sure are given in the eSupplement.

Safety
No severe adverse events occurred during the study. 
Nine patients (36.0%) in the intervention group with 
yoga postures experienced a total of 15 minor adverse 
events, while in the group without yoga postures four 
patients (16.0%) reported five minor adverse events. In 
the control group, two patients (8.0%) had four minor 
adverse events (eSupplement).

Discussion
In this randomized controlled trial, a 12-week yoga 
 intervention consisting purely of breathing and medi-
tation techniques without any use of yoga postures 
 lowered the joint primary outcome measure of 24-h 
systolic blood pressure by a greater amount than no 
treatment or an intervention with additional yoga 
 postures. The other joint primary outcome measure, 
24-h diastolic blood pressure, was not reduced. These 
results agree with the findings of a meta-analysis (11), 
although the effect sizes in our trial were smaller 
(−3.8 mmHg, 95% confidence interval [−7.5; −0.3] 
versus −14.1 mmHg, 95% confidence interval [−24.7; 
−3.6]). These differences from earlier studies are most 
likely attributable to differences in inclusion criteria, 
blood pressure recording methods (clinical versus 
 ambulatory), and the country in which the study was 
carried out. In this last respect, yoga studies in India 
generally show larger effect sizes than studies per -
formed in other countries (21).

Interestingly, though based only on secondary out-
come measures, the pattern was reversed at week 28. 
In this final week of the study the group that had re-
ceived the intervention with yoga postures exhibited 
greater reductions in ambulatory systolic blood pres -
sure than the group without yoga postures. 

In comparison with the untreated control group, 13 
patients had to be treated with yoga to achieve 
 substantial improvement in one patient.

A simultaneous increase in parasympathetic 
 activity and decrease in sympathetic activity has been 
postulated as an important mechanism of action of 
therapeutic yoga (22). In this context, particularly 
yoga techniques of slow breathing and meditation 
may bring about a short-term reinforcement of para-
sympathetic activity (23–25). In experimental studies 
where yoga relaxation techniques were supplemented 
with yoga postures, no further potentiation of para-
sympathetic activity ensued (23). Together with the 
findings of the meta-analysis (11), this led to 
 breathing and meditation techniques, rather than yoga 
postures, being viewed as the principal mechanism of 
action of yoga in patients with arterial hypertension 
(26). While this hypothesis was certainly confirmed 
immediately after the end of the yoga interventions, 
the results of our trial indicate that longer-term posi-
tive effects on arterial hypertension can be achieved 
only with the integration of yoga postures. The adop-
tion of yoga postures can be seen as a form of isome-
tric training, while dynamic yoga sequences (e.g., the 
well-known sun salutation) add an element from 
aerobic training (27, 28). Both isometric and aerobic 
training can lower blood pressure (29–31). These may 
then be the mechanisms responsible for the long-term 
effect of an intervention including yoga postures.

The main reason for the long-term group 
 differences may, however, also lie in a discrepancy in 
treatment adherence following the end of the 
 interventions: a higher proportion of patients in the 
group with yoga postures than in the group without 
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yoga postures continued to practice the techniques 
they had been taught after study week 12. The group 
with yoga postures also practiced for a much longer 
time each week. It may be that yoga postures are 
 easier to integrate into daily activities than yoga 
breathing and meditation techniques. When inter -
preting the findings in this way, however, it must be 
taken into account that the long-term group differ-
ences were greater in the intention-to-treat analysis 
than in the per-protocol analysis.

Limitations
Our study featured some limitations. First, the wait list 
group did not control for the expectations of the 
 patients, the time taken up, or the attentiveness of the 
instructors. Moreover, the study participants were not 
blinded to the intervention they received. The partici-
pants were predominantly female and well educated, 
and thus tended to be more typical of yoga practitioners 
(7, 32) than of patients with hypertension. This reduced 
the generalizability of the findings. No effects of the 
 interventions on diastolic blood pres sure were 
 detected, the overall reduction in systolic blood 
 pressure was only slight, and only 8% of hypertension 
patients will benefit substantially from a yoga 
 intervention.

Conclusion
Only yoga without yoga postures had an immediate 
 effect on the 24-h systolic (but not diastolic) blood 
pressure; yoga with yoga postures had no such action. 
However, the inclusion of yoga postures seems neces -
sary if the effects are to be maintained beyond the end 
of the intervention. Since we found yoga in patients 
with arterial hypertension to be effective and safe, yoga 
can be recommended as a complement to medication 
for reduction of systolic blood pressure in this group. 
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Key Messages
●  Only yoga interventions that do not include any yoga 

 postures seem to lower the ambulatory blood pressure of 
 patients with arterial hypertension as measured immediately 
after the end of the intervention.

●  Further research is necessary before a specific yoga style can 
conclusively be recommended to patients with arterial hyper-
tension.
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Tuberculous Pleural Effusion
A 74-year-old man complained of abnormal fatigue, night sweats, and unintended 
weight loss of 4 kg over the past month. A thoracentesis of his extensive right-
sided pleural effusion showed an exudate with a leukocyte count of 2400/µL, 96% 
of which were mononuclear cells. No pathogen was detected under the micro-
scope or in culture, and examination of the exudate by polymerase chain reaction 
for Mycobacterium tuberculosis was negative. F-18-FDG PET computed 
 tomography was performed to rule out malignancy. Computed tomography-guided 
pleural biopsy demonstrated epithelioid cell granulomas with caseation. Tubercu-
lous pleurisy was diagnosed and quadruple therapy for tuberculosis was initiated 
(isoniazid, rifampicin, pyrazinamide, ethambutol). Shortly after commencement of 
this treatment, the night sweats and lassitude remitted and the patient gained 
weight; he felt much better. A 6-month course of treatment was accomplished (2 months of quadruple therapy, then 4 months of isoniazid and 
 rifampicin). The patient recalled having been in contact with tuberculosis patients in his childhood.
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Methods
Interventions
This trial compared the efficacy of two different yoga interven-
tions, with or without yoga postures, in patients with arterial 
 hypertension who were being treated with antihypertensive 
 medication. While the interpretation of significant intergroup 
 differences between two active interventions is unproblematic, 
non significant results are open to potentially various and contra-
dictory interpretations: they can be viewed as showing that the 
two interventions are similarly effective, ineffective, or even 
harmful (e1). To counter this possible ambiguity, the inclusion of 
an additional, inert study arm is generally recommended when 
comparing active interventions (e1). Accordingly, we included a 
third arm comprising an untreated control group in this trial.

Yoga
The two interventions were developed by an expert panel made 
up of seven certified and experienced yoga instructors represent-
ing various yoga traditions, based on earlier studies, classic yoga 
texts, and their own clinical experience. The committee members 
planned the interventions in such a way that they combined 
 elements from various traditions and thus did not follow any 
 particular “school” of yoga. The interventions were also adapted 
to the specific needs, potentials, and limitations of patients with 
arterial hypertension. The yoga instructors introduced all exer-
cises gently at first, then increased their intensity in the course of the 
program. Aids (blocks, belts, or blankets) were used if  necessary, 
and/or the exercises were modified for individual  patients. Details of 
the two interventions can be found in  eTables 2 and 3.

Outcome measures
The secondary outcome measures included 24-h heart rate and 
diurnal and nocturnal blood pressure, measured using a monitor-
ing device. The parameters were categorized on the basis of the 
sleeping and waking times reported by the respective patients.

Further secondary outcome measures were defined a priori. 
They comprised:
● Subjective stress
● Anxiety and depression
● Physical and mental quality of life.

The following questionnaires were used to survey these pa -
rameters, respectively:
● The German 10-question version of the Perceived Stress 

Scale (e2) 
● The German version of the Hospital Anxiety and Depression 

Scale (e3)
● The German version of the Short Form-36 Health Survey 

Questionnaire (SF-36) (e4).
Further variables were documented for evaluation in medi-

ator analyses to investigate potential mechanisms of action of 
yoga in patients with arterial hypertension: 
● Physical activity, surveyed by means of the Baecke Ques-

tionnaire (e5) 
● Nutritional habits, using the Five a Day Food Frequency 

Questionnaire (e6). 

Because these variables did not serve to verify efficacy, they 
are not reported in this article.

Before randomization, the patients included in the study 
were assessed with regard to their expectations of the two inter-
ventions and of waiting for treatment in the control group. To 
this end, they stated their expectations on an 11-point Likert 
scale from 0 = ineffective to 10 = very effective. The later 
analysis considered only the expectation for the intervention to 
which the patient was then randomized.

Results
Adherence
During the first 12 weeks of the study the patients in the interven-
tion group with yoga postures took part in 8.3 ± 3.3 (mean ± stan-
dard deviation) (68.3%) of the weekly yoga sessions and spent a 
further 105.2 ± 51.3 min doing their exercises at home. The par-
ticipants in the intervention group without yoga postures visited 
8.4 ± 3.3 (70.0%) of the sessions and spent 67.2 ± 54.3 min doing 
the exercises at home. 

After the end of the interventions, from week 13 to week 28 of 
the study, 14 of the 20 patients from the group with yoga postures 
for whom this information was available (70%) continued to prac-
tice yoga, compared with 12 of 22 (54.5%) for the group without 
yoga postures. On average the participants from the group with 
yoga postures exercised 2.6 ± 1.6 times per week for a total of 
55.8 ±  87.2 min, while those in the group without yoga postures 
performed their exercises times 2.2 ±  1.9 times per week for a 
total of 25.0 ± 38.8 min.

When only the participants who continued to practice yoga 
after the end of the interventions were included in analysis, 
those in the group with yoga postures did their exercises for 
87.7 ± 96.2 min per week and those in the group without yoga 
postures for 50.0 ± 42.2 min per week.

Considering only those patients who continued the exercises 
after the end of the interventions, there was no difference be-
tween the groups with regard to systolic blood pressure 
(p = 0.439)  or diastolic blood pressure (p = 0.452; eTable 4). 
There was also no significant difference between the groups in 
this respect when only those who had not continued practicing 
yoga were included (eTable 5).

Antihypertensive medication
Most patients were treated with ACE inhibitors and AT1-receptor 
blockers (Table). In the course of the study, 19 of the 23 patients in 
the intervention group with yoga postures for whom this in-
formation was available (82.6%) did not change their medication, 
three (13.0%) increased it, and one patient (4.3%) reduced his/her 
dose. In the intervention group without yoga postures, the 
 medication intake remained the same in 19 of 24 patients 
(79.2%), increased in two (8.3%), and decreased in three patients 
(12.5%). In the control group, 21 of 23 patients (91.3%) did not 
change their medication, two (8.7%) increased it, and none 
 decreased it. The distribution of patients in whom the medication 
intake remained the same, increased, or decreased did not differ 
significantly among the three study groups (chi-square test, 
p = 0.425).

eSUPPLEMENT  
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Ambulatory blood pressure measurement
In week 1, an average of 73.3 ± 5.5 individual measurements were 
made per patient during the 24-h period of blood pressure monitoring. 
Of this total, an average of 60.4  ± 9.3 measurements were correct and 
could be used to calculate the 24-h blood pressure. The corresponding 
figures in weeks 12 and 28 were 73.7 ± 7.7 (57.6 ± 13.1 correct per 
 patient) and 74.9 ± 4.8 (60.0 ± 11.9  correct), respectively.

The numbers of patients with normal blood pressure, prehyper-
tension, and hypertension grade 1 or 2 (based on the 24-h monitor-
ing) at weeks 1, 12, and 28 are shown in eTable 6. At week 12, four 
patients in the intervention group with yoga postures, six in the 
intervention group without yoga postures, and four in the con-
trol group switched to a lower blood pressure category (number 
needed to treat for the comparison yoga without yoga postures 
versus control group = 12.5). At week 28, nine patients in the 
group with yoga postures, four in the group without yoga pos-
tures, and six in the control group switched to a lower blood 
pressure category (number needed to treat for the comparison 
yoga with yoga postures versus control group = 12.5). 

With regard to further ambulatory blood pressure measurements, 
all significant difference among the groups are reported in the 
following. The remaining group differences did not attain sig-
nificance and are shown in detail in eTable 1. At 12 weeks the 
diurnal systolic blood pressure was significantly lower in the inter-
vention group without yoga postures than in the control group 
(p = 0.045) and the yoga group with yoga postures (p = 0.042; 
eTable 1). At 28 weeks, in contrast, the diurnal systolic blood pres -
sure in the yoga group with yoga postures was significantly lower 
than in the control group (p = 0.023) and the yoga group without 
yoga postures (p = 0.030; eTable 1). For heart rate measure-
ments, significant intergroup differences were only observed at 
28 weeks. At this time the nocturnal heart rate was significantly 
lower in the group with yoga postures than in either of the other 
groups (eTable 1).

Questionnaires
Significant group differences were found in none of the outcome 
measures surveyed by means of questionnaires, with the sole 
 exception of the SF-36 mental quality of life, which was signifi-

cantly better among the participants in the group with yoga postures 
than in the group without yoga postures at week 28 (p = 0.028; 
eTable 7). No other differences among the groups were found at 
any time.

Safety
The adverse events registered in the intervention group with yoga 
postures were as follows: 
● Headache (n = 3) 
● Shoulder pain (n = 1) 
● Knee pain (n = 1)
● Tendinitis (n = 1)
● Meniscus rupture (n = 1)
● Knee injury from bicycle accident (n = 1)
● Prolapsed intervertebral disc (n = 1)
● Influenza (n = 2)
● Parodontitis (n = 1)
● Hypertensive emergency (n = 1)
● Mental problems (n = 1)
● Breast operation (n = 1)

The following adverse events occurred in the yoga group without 
yoga postures: 
● Influenza (n = 1)
● Parodontitis (n = 1)
● Tinnitus (n = 1)
● Autoimmune disease (n = 1)
● Knee pain (n = 1)

The adverse events recorded in the control group were:
● Headache (n = 1) 
● Neck pain (n = 1)
● Sleep disturbances (n = 1)
● Kidney disease (n = 1)

None of the adverse events had a direct temporal relation 
with the respective study intervention. After careful assess-
ment, none of the events was judged to be associated with the 
intervention.
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eTABLE 2 

Exercises from the intervention with yoga postures

Introduction

Yoga postures

Breathing  
a nd meditation 
 exercises

Conclusion

15 min

45 min

10–15 min

15–20 min

3 min

12 min

10 min

4 min

6 min

8 min

4 min

8 min

5 min

4 min

4 min

2 min

10 min

5 min

5 min

Sessions 1 to 4

Greeting and  
brief period of  
contemplation

Philosophical/ 
theoretical topic

Light mobilization 
 exercises and work 
on sitting upright

Vyaghrasana   
(tiger pose)

Mountain flow

Half sun salutation

Paschimottanasana 
(seated forward bend)

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

Supta Parivartana -
sana (twist-stretch 
pose)

Perception exercise in 
supine position

Deeper breathing and 
completion of breath-
ing with feet flat on 
floor

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

Supervised deep 
 relaxation

Discussion of home 
exercise program

Final group discussion 
and farewell

3 min

12 min

8 min

2 min

4 min

4 min

8 min

5 min

3 min

6 min

5 min

3 min

4 min

1 min

6 min

1–2 min

10 min

5 min

Sessions 5 to 8

Greeting and  
brief period of  
contemplation

Philosophical/ 
theoretical topic

Light mobilization 
 exercises and work 
on sitting upright

Vyaghrasana  
 (tiger pose)

Mountain flow

Half sun salutation

Virabhadrasana 1 
(warrior pose 1) with 
twist variation

Virabhadrasana 2 
 (dynamic warrior  
pose 2)

Paschimottanasana 
(seated forward bend)

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

Supta Parivartana -
sana (twist-stretch 
pose)

Perception exercise in 
supine position

Deeper breathing and 
completion of breath-
ing with feet flat on 
floor

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

“Light” Nadi Shodhana 
(alternate nostril 
breathing)

Meditation—observe 
stillness

Supervised deep 
 relaxation

Final group discussion 
and farewell

3 min

12 min

6 min

2 min

3 min

4 min

5 min

3 min

8 min

3 min

6 min

5 min

2 min

2 min

1 min

7 min

3 min

10 min

5 min

Sessions 9 to 12

Greeting and  
brief period of  
contemplation

Philosophical/ 
theoretical topic

Light mobilization 
 exercises and work 
on sitting upright

Vyaghrasana  
 (tiger pose)

Mountain flow

Half sun salutation

Virabhadrasana 1 
(warrior pose 1) with 
twist variation

Virabhadrasana 2 
 (dynamic warrior  
pose 2)

Virabhadrasana 2 
(warrior pose 2) with 
transition to Parsva-
konasana (extended 
side angle pose)

Paschimottanasana 
(seated forward bend)

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

Supta Parivartanas-
ana (twist-stretch 
pose)

Perception exercise in 
supine position

Deeper breathing and 
completion of breath-
ing with feet flat on 
floor

Setu Bandha Sarvan-
gasana (dynamic/
static bridge pose) 
with intervening 
 Apanasana (knees to 
chest pose)

Nadi Shodhana (alter-
nate nostril breathing)

Meditation—observe 
stillness

Supervised deep 
 relaxation

Final group discussion 
and farewell
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eTABLE 3 

Exercises from the intervention without yoga postures

Introduction

Breathing  
and meditation 
exercises

Conclusion

15 min

58–60 min

15–18 min

3 min

12 min

4 min

5 min

5 min

5 min

4 min

6 min

4 min

11 min

2 min

3 min

5 min

2 min

2 min

8 min

5 min

5 min

Sessions 1 to 4

Greeting and 
brief period of 
contemplation 

Philosophical/ 
theoretical topic

Light mobilization 
exercises and 
work on sitting 
upright

Perception 
 exercise in 
 supine position

Deeper breathing 
with feet flat on 
floor

Completion of 
breathing with 
feet flat on floor

Setu Bandha 
Sarvangasana 
(dynamic bridge 
pose) with inter-
vening Apana -
sana (knees to 
chest pose)

Work on sitting 
upright

Gradual guidance 
towards full yoga 
breathing

Ujjayi (victorious 
breathing)

Meditation

Relaxation with 
appreciation of 
the effect in 
 supine position 

Supta Parivarta-
nasana (twist-
stretch pose)

Again, observe, 
deepen, and 
complete 
 breathing

Meditation

Supervised deep 
relaxation

Discussion of 
home exercise 
program

Final group 
 discussion and 
 farewell

3 min

12 min

4 min

4 min

4 min

4 min

4 min

3 min

4 min

7 min

4 min

3 min

4 min

3 min

9 min

3 min

10 min

5 min

Sessions 5 to 8

Greeting and 
brief period of 
contemplation 

Philosophical/ 
theoretical topic

Light mobilization 
exercises and 
work on sitting 
upright

Perception 
 exercise in 
 supine position

Deeper breathing 
with feet flat on 
floor

Completion of 
breathing with 
feet flat on floor

Setu Bandha 
Sarvangasana 
(dynamic bridge 
pose) with inter-
vening Apana -
sana (knees to 
chest pose)

Work on sitting 
upright

Gradual guidance 
towards full yoga 
breathing

Ujjayi (victorious 
breathing)

Meditation

Relaxation with 
appreciation of 
the effect in 
 supine position 

Supta Parivarta-
nasana (twist-
stretch pose)

Again, observe, 
deepen, and 
complete 
 breathing

“Light” Nadi 
Shodhana (alter-
nate nostril 
breathing) „light“

Meditation— 
 observe silence

Supervised deep 
relaxation

Final group 
 discussion and 
farewell

3 min

12 min

4 min

4 min

4 min

3 min

4 min

2 min

4 min

5 min

5 min

3 min

4 min

3 min

10 min

5 min 

10 min

5 min

Sessions 9 to 12

Greeting and 
brief period of 
contemplation 

Philosophical/ 
theoretical topic

Light mobilization 
exercises and 
work on sitting 
upright

Perception 
 exercise in 
 supine position

Deeper breathing 
with feet flat on 
floor

Completion of 
breathing with 
feet flat on floor

Setu Bandha 
Sarvangasana 
(dynamic bridge 
pose) with inter-
vening Apana -
sana (knees to 
chest pose)

Work on sitting 
upright

Gradual guidance 
towards full yoga 
breathing

Ujjayi (victorious 
breathing)

Meditation

Relaxation with 
appreciation of 
the effect in 
 supine position 

Supta Parivarta-
nasana (twist-
stretch pose)

Again, observe, 
deepen, and 
complete 
 breathing

Nadi Shodhana 
(alternate nostril 
breathing)

Meditation— 
 observe silence

Supervised deep 
relaxation

Final group 
 discussion and 
farewell
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eTABLE 4 

Effects on systolic and diastolic 24-h blood pressure in the yoga group with yoga postures (Yoga A; 
n = 14) and the yoga group without yoga postures  (Yoga B; n = 12)

Effects expressed as mean ± standard deviation. Only patients who continued to practice yoga after week 12 were included in this 
analysis. Group differences were calculated within covariance models that controlled for baseline values. 
CI = confidence interval, DBP = diastolic blood pressure, SBP = systolic blood pressure

Outcome measure

24-h SBP

24-h DBP

Group

Yoga A 

Yoga B

Yoga A 

Yoga B

Measurement time 

Week 1

138.3 ± 10.6

132.3 ± 13.0

81.6 ± 8.2

80.7 ± 9.3

Week 28

132.4 ± 8.3

131.7 ± 11.3

79.8 ± 5.3

79.3 ± 6.7

Group difference [95% CI]   
week 28

−2.8 [−10.0; 4.5]; p = 0.439

–

−1.1 [−4.2; 1.9]; p = 0.452

–

eTABLE 5 

Effects on systolic and diastolic 24-h blood pressure in the yoga group with yoga postures (Yoga A; 
n = 11) and the yoga group without yoga postures  (Yoga B; n = 13)

Effects expressed as mean ± standard deviation. Only patients who did not continue to practice yoga after week 12 were included in this 
analysis. Group differences were calculated within covariance models that controlled for baseline values. 
CI = confidence interval, DBP = diastolic blood pressure, SBP = systolic blood pressure

Outcome measure

24-h SBP

24-h DBP

Group

Yoga A 

Yoga B

Yoga A 

Yoga B

Measurement time 

Week 1

131.7 ± 12.3

131.1 ± 10.1

83.6 ± 12.8

83.1 ± 11.7

Week 28

130.0 ± 8.6

134.9 ± 12.7

82.4 ± 9.3

82.7 ± 9.3

Group difference [95% CI]   
week 28

−5.3 [−10.9; 0.3]; p = 0.060

–

−1.3 [−4.4; 1.99]; p = 0.409

–

eTABLE 6 

Distribution of the blood pressure categories in the three study groups 

Numbers of patients with normal blood pressure (<120 mmHg systolic and <80 mmHg diastolic),  
prehypertension (120–129 mmHg systolic and <80 mmHg diastolic), 
hypertension grade 1 (130–139 mmHg systolic or 80–89 mmHg diastolic), and 
hypertension grade  2 (>140 mmHg systolic or >80 mmHg diastolic) in the intervention group with yoga 
 postures (Yoga A), the intervention group without yoga postures  (Yoga B), and the control group at weeks 1, 
12, and 28

Group

Yoga A 

Week 1

Week 12

Week 28

Yoga B

Week 1

Week 12

Week 28

Control

Week 1

Week 12

Week 28

Normal

3

0

0

2

1

1

2

0

0

Pre -
hypertension

1

4

4

6

4

5

3

4

4

Hypertension 
grade 1

9

7

16

7

15

8

9

8

13

Hypertension 
grade 2 

12

14

5

10

5

11

11

13

8
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