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ABSTRACT
In this study, we researched the impact of Viparita Karani on mean arterial pressure in young
women. Viparita Karani is an inversion posture which is thought to lower blood pressure. We
expected to find that mean arterial pressure decreases from baseline readings in participants who
practice the pose for five minutes. We controlled for time of day, duration in pose and
Pranayama (breathing exercise), environment, gender, age, and health. Subjects were
randomized into the control or treatment group. Control groups sat against the wall while
treatment groups assumed the posture of Viparita Karani (legs up the wall). Blood pressure was
taken at three stages: a baseline, after a five minute breathing exercise, and five minutes after the
breathing exercise ended. We found that there was no significant difference in mean arterial
pressure (MAP) between control and treatment groups in any of the three stages in which we
took blood pressure readings. Pranayama was found to significantly decrease MAP in both
control and treatment groups. Future expansions of this study should incorporate a larger sample
size, include both genders, include a third treatment group (Viparita Karani without
Pranayama), investigate changes in ankle-brachial index, include an anxiety level survey before
and after the treatment, institute a full inversion, and test the treatment over a longer period of
time.
INTRODUCTION
Today, yoga is practiced as a complement to modern medicine by 20.4 million
Americans (Barnes, et al, 2004; Yoga Journal, 2012; McCall, 2007). Ninety-three percent of the
755 Integrative Hospitals in the US provide yoga to their patients to enhance their physical and
spiritual well-being (Isaacs, 2007). This ancient system of holistic healing encompasses an
integrative practice linking physical postures, breathing, sensory awareness, meditation, and
ethical conduct (Iyengar, 1993; Feuerstein, 2001). This link between body, mind, and breath
comes from its Sanskrit definition, to yoke or to unite (Feuerstein, 2001). A growing body of
researchers are now seeking to quantify the physiological effects of yoga (Jerath, et al, 2006).
Recent research documents a wide range of benefits from improving pregnancy outcomes to
treating PTSD to managing low back pain, all of which supports the practice of yoga as a lowcost and effective modality in the treatment and prevention of disease (Narendran, et al, 2005;
Cabral, et al, 2011; Tilbrook, et al, 2011).

Inverted postures, where the head is at or lower than the level of the heart, are of
particular interest in this study where we explore the cardiovascular, respiratory, and
psychological effects of Viparita Karani (legs up the wall pose). Inversions are touted by
teachers and practitioners as a way to control and lower blood pressure, thereby reducing anxiety
(McCall, 2007; Long, 2008; Iyengar, 1994). The clinical application of these postures could
greatly improve the lives of Americans who suffer from anxiety and depression, and the 80
million US adults diagnosed with primary hypertension (Raub, 2002; Bhavani, et al, 2014; CDC,
2012; AHA, 2015).
In a university setting where students are subjected to high academic stress, poor
nutrition, and poor social and sleeping habits, yoga offers an affordable anytime, anywhere tool
for coping with stress and anxiety (Eisenberg, et al, 2007; Panesar and Valachova, 2011). If left
untreated, chronic long term exposure to stress invokes multiple blood pressure spikes, causing
blood vessel damage over time. As a result, diseases such as hypertension and heart disease are
on the rise (McEwen and Stellar, 1993; Cohen, et al, 2011; Murugesan, et al, 2000).
Physiology has elucidated the intrinsic basis for yoga’s influence on blood pressure.
Inverted postures in individuals with normative blood pressure activate baroreceptors at the
carotid sinus and aortic arch. As aortic and carotid pressure increases, the baroreceptor reflex
increases parasympathetic nervous system activation, resulting in vasodilation, a lowered heart
rate, lowered cardiac output, and therefore lowered blood pressure (Sherwood, 2003; Long,
2008).
Viparita Karani (legs up the wall pose) is a yoga asana (posture) in which the
practitioner lays on the floor with their hips elevated slightly and their legs up a wall (Figure 1).
The pose has few contraindications and is less demanding than classical inversions such as

headstand, shoulder stand, or downward facing dog, making it suitable for beginners or people
with heart disease (Kaminoff and Matthews, 2012; Iyengar, 1994). Yoga instructors teach this as
a posture that can have both deeply relaxing and rejuvenating effects, depending upon how it is
practiced. If a practitioner complains of the inability to fall asleep, they are advised to practice
Viparita Karani for at least five minutes, then roll directly into bed, keeping the head at the level
of or lower than the heart. This pose is also recommended as a midday pick-me-up, as sitting up
after the posture can have a restorative and mildly stimulating effect (Coulter, 2001; Lasater,
2011). The purpose of this study is to support anecdotal advice with quantitative results.

Figure 1. Diagram of the classical Viparita Karani yoga inversion posture (Corcoran, 2014).
This study investigates if the Viparita Karani yoga inversion posture along with
Pranayama (conscious breathing) can lower blood pressure in college age women, and if
practicing the inversion lowers blood pressure more than Pranayama alone. First, we expect that
the Pranayama practice for both treatment and control groups lowers MAP (mean arterial
pressure) from the baseline measurement. We also expect to find that practicing Viparita Karani
significantly lowers MAP; we suspect this effect will persist after the practitioner returns to an

upright seated position. We anticipate that overall MAP will lower more in our Viparita Karani
group than in the control group practicing Pranayama in a seated position. The implications of
these findings could prove to be a useful coping strategy for college students experiencing
hypertension symptoms as a result of daily stress and anxiety.

MATERIALS & METHODS
Female subjects (n=30) ages 18-23 with no previous history of heart disease, glaucoma,
aneurysm, or hypertension were randomized into a control and treatment group. Gender was
controlled to eliminate variability between sexes. Cardiovascular history was taken to ensure
safety and to eliminate extraneous effects on blood pressure. Every third subject was placed into
the control group. Subjects were asked to answer questions based on prior yoga experience,
check a box if they felt healthy, report medical history, and sign an informed consent form. The
study was conducted in a soundproof room, between the hours of 1:00 and 4:30pm.
Stage 1: Baseline blood pressure was measured using automatic sphygmomanometers
after all subjects were seated for two minutes in an upright position against a wall with their legs
outstretched (L position). After a demonstration, the treatment subjects (n=20) entered the
Viparita Karani posture while the control subjects (n=10) maintained their L position. We
played a five minute audio recording that led all subjects through a Pranayama practice. To
raise the heart above the head, the treatment group used a three-inch folded blanket as a bolster
supporting their hips. The control group sat on the same size blankets.
Stage 2: Blood pressure of all subjects was measured directly after the recording ended.
The treatment group was in the Viparita Karani posture and control group maintained the L

position. Following the measurement, subjects in the treatment group were asked to sit in the L
position, in the same manner as the control group.
Stage 3: Five minutes after the breathing exercise ended, a final blood pressure was
measured in both groups.
All three blood pressure measurements were reviewed. Pulse pressure was calculated by
subtracting diastolic from systolic pressure and MAP was calculated by adding diastolic
pressure plus ⅓ of the pulse pressure for each individual at each time interval. Dependent t-tests
in Excel were used to compare percent change between stages within the same groups.
Independent t-tests were used to compare the differences in MAP between the treatment and
control groups in each of the defined stages. Standard error was calculated for all data.

RESULTS
General trends for the average mean arterial pressure (MAP) for the treatment and control
group showed a decrease after the five minute Pranayama exercise (Stage 2). The MAP of the
treatment group increased at Stage 3 after a five minute recovery, whereas the MAP of the
control group did not change. The average MAP for the treatment group was higher than the
control group throughout the study, though that difference was not significant (Figure 2).
The largest average percent change for both groups occurred from Stage 1 to Stage 2,
after the initial blood pressure measurement was taken and when the Pranayama recording
ended (Figure 3). From Stage 2 to Stage 3, the treatment group’s MAP increased by 4.4%; the
control group did not increase. Despite these visual differences, there were no significant
differences between the control and treatment group measures.

There were significant differences within each group at the 95% confidence level. The
Pranayama group decreased 5.6% from the baseline MAP (p = 0.023) and the Viparita Karani
group decreased by 6.0% (p = 0.0016). The Viparita Karani group’s MAP increased by 4.4%
after the posture was completed and they returned to the L position (p = 0.035). Between Stage 1
and Stage 3, the control group’s MAP decreased by 5.6% overall (p = 0.024; Figure 3).

Figure 2. Average MAP for the treatment (green) and control (pink) groups at three study stages.
Stage 1 shows the baseline measure. Stage 2 was measured after a five-minute Pranayama
recording. Stage 3 was measured after five minutes of recovery from the practice. Error bars
show standard error.

Figure 3. Average percent change in mean arterial pressure (MAP) for the treatment and control
groups during three time intervals: Posture/Breathing shows the difference between Stages 1 and
2, Recovery is between Stages 2 and 3, and Overall shows the difference between Stages 1 and 3.
Error bars show standard error.
DISCUSSION
Our study explored the effect of Pranayama or Viparita Karani on mean arterial pressure
(MAP). We observed differences between Pranayama practice and the Viparita Karani yoga
inversion posture on MAP between study groups over the three stages, albeit results were not
statistically significant at the 95% confidence level. We did, however, observe a significant
difference in MAP within control and treatment groups, respectively (Figure 3). Contrary to our
initial hypothesis, significant changes in MAP are more strongly related to the breathing practice
than the physical posture. This conclusion needs further investigation, namely incorporating a
second treatment group which practices Viparita Karani without Pranayama to disentangle the

effects of the breathing from the posture itself; although, in a typical yoga practice, both are
simultaneously practiced.
Measured changes in blood pressure can be explained by the body’s physiological
response to differing pressures while the subjects transitioned into and out of the postures.
Baroreceptors in the aortic arch and the carotid sinuses maintain homeostasis in the systemic
circuit by detecting blood pressure changes (Sherwood, 2003). When inverting the body as in
Viparita Karani, blood pressure increases suddenly, as blood rushes from the lower extremities
into the upper thorax and head. This increase in carotid and aortic pressures activates the
parasympathetic nervous system through the glossopharyngeal and vagus cranial nerves, which
carry the information to the cardiovascular control center in the medulla. The parasympathetic
response causes blood pressure to lower by decreasing cardiac output. When coming out of the
pose, pressure detected by baroreceptors decreases and the sympathetic nervous system
dominates, resulting in a return to near baseline levels of cardiac output and blood pressure. The
body’s homeostatic mechanisms are effective in keeping MAP within normal limits which could
thereby result in little or no measurable difference resulting from the physical posture. This is
one possible explanation for our absence of significant results.
These physiological mechanisms are consistent with classical instruction on the posture.
By practicing Viparita Karani before bed and not elevating the head above the level of the heart,
a practitioner has effectively stimulated the parasympathetic nervous system, and so long as they
stay in the supine position while they roll into bed, they have created a condition which we
would expect to promote sleep (Trinder, et al, 2001; Lasater, 2001). If Viparita Karani is to be
used as a re-energizing posture, then sitting upright after the pose would stimulate the
sympathetic nervous system. When the sympathetic nervous system dominates, blood pressure

increases as the body prepares to respond to fight or flight situations, and the practitioner gains a
subjective feeling of being more alert and awake (Sherwood, 2003).
Additionally, in an inversion, the typical function of the veins and arteries is turned
upside-down. One-way veinous valves, with help from the skeletal muscle and respiratory
pump, aid in the transport of deoxygenated blood back to the heart against gravity. Arteries
work by dilating and contracting smooth muscle to regulate blood flow from the heart to the
extremities. In the Viparita Karani inversion, veinous blood from the legs— aided by gravity—
drains readily toward the heart, whereas arterial muscles may have to work against gravity and
dilate to get blood to reach the lower extremities. Blood pressure in the ankles during an
inversion can read 40/0, and associated MAP drops as low as 13.3 mmHg. However, blood
pressure at the level of the heart remains relatively stable due to baroreceptor proximity and the
related role in maintaining homeostasis; namely, a MAP of 93.3 mmHg (Coulter, 2001).
Pranayama in both the treatment and control groups decreased MAP significantly
(Figure 2). This conclusion is well-supported by studies exploring Pranayama and mind-body
connection practices (Deckro, et al, 2002; Murugesan, et al, 2000; Raub 2002; Jerath, et al,
2006). Murugesan, et al (2000) showed that practicing Hatha Yoga (consisting of yoga and
breathing) twice a day for eleven weeks is equally as effective as standard medical treatment in
controlling hypertension. Reflexive breathing—regulated by autonomic pacemaker activity in
the ventral respiratory group of the medulla—is superseded by conscious perception and control
at the cortex during Pranayama. Pranayama has been shown to enhance parasympathetic
activation which decreases oxygen consumption, heart rate, and blood pressure (Jerath, et al,
2006; Deckro, et al, 2002). Our data supports that Pranayama can help lower blood pressure in
college age women.

Our study was limited by preconceived notions about the practice of yoga, our
methodology, and small sample size. Our sample population was not truly random because
participants were self-selected, and may have been affected by people’s interest in yoga. The
lack of difference between our experimental and control groups may be attributed to a number of
variables. Subjects performed a mild inversion as opposed to a full inversion—such as shoulder
stand or headstand—and effects may have been greater in these full inversions. Other factors
that affect blood pressure were not controlled for in this study, including emotional or
physiological stress which can increase sympathetic activity and raise blood pressure (Sherwood,
2003). For example, some students had exams directly after the study, some ran or biked to the
study, and others consumed caffeine prior to the study. We had a relatively small sample of
twenty treatment subjects and ten control subjects.
Future research should include a larger sample population to eliminate variance related to
atypical physiological or psychological factors. We would like to incorporate an additional
Viparita Karani group that does not practice Pranayama to help clarify if the posture has an
effect on MAP. We would also incorporate a treatment sub-group that lays down during the 5minute recovery to better quantify if this posture keeps the body in parasympathetic activation if
the head is not raised above the heart. We would also find it meaningful to issue a survey to
participants before and after the study to obtain a subjective reading of perceived stress levels
and investigate this relation to blood pressure more directly. Many of our study subjects
volunteered a subjective report at the end of the study such as “I feel so much better,” or “That
was so relaxing,” and it would be useful to quantify these accounts on a 0-10 scale. It may be
beneficial to include a study with both males and females to explore or rule out gender
differences. A model investigating the effects of yoga tracked over time may prove useful for

expanding the effects of yoga inversion on blood pressure (Fishman, et al, 2014; Santaella, et al,
2011; Cohen, et al, 2011). Incorporating ankle-brachial index in our measures would bolster the
strength of conclusions and enhance an understanding of the physiological impacts of inversion
postures (Coulter, 2011).

CONCLUSIONS
Our study found that both Viparita Karani and Pranayama lowered MAP in college age
women. Notably, Pranayama appeared to have a greater effect on lowering MAP and resisted
the MAP rebound observed in the Viparita Karani group. By expanding our population size and
demographics, including a third treatment group, measuring ABI, and including a self-reported
anxiety level survey, future studies will elucidate the physiological effects of Viparita Karani on
MAP.
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APPENDIX I
Table 1. P-values showing whether the difference between stages of our treatment and control
groups were significant. Stages 1-2 compares MAP immediately after the breathing practice.
Stages 2-3 compare MAP five minutes after recovering from the breathing practice. Stages 1-3
compare the overall difference. *Asterisk denotes statistically significant results.
Treatment

Stages 1-2

Stages 2-3

Stages 1-3

Pranayama Only

0.023*

1.0

0.024*

Viparita Karani and
Pranayama

0.0016*

0.035*

0.15

