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Abstract
This paper is a narrative review on yoga research published during the last few years (2016-2019). The review includes summaries of papers
on prevalence of yoga and the use of yoga for physical and mental health. Most of the studies in the current literature have addressed yoga effects
on mental and physical health conditions in adults, although some studies have focused on prenatal, pediatric and aging samples. The literature
on adult mental health conditions includes stress, depression, anxiety and PTSD as well as substance disorders. The physical conditions include
tinnitus, obesity and eating disorders and many studies that are focused on pain syndromes including neck pain, low back pain and knee pain
and disease-related pain (e.g. fibromyalgia, diabetes, inflammatory bowel disease, multiple sclerosis and cancer).
The aging conditions treated by yoga include cardiovascular disease, stroke, Parkinson’s and dementia Studies on biomarkers are suggestive
of underlying mechanisms for yoga effects including increased heart rate variability, increased connectivity based on fMRI data and reduced
cortisol and pro-inflammatory cells. Yoga has typically been more effective than inactive control and waitlist control conditions, although it has
not always been more effective than active comparison groups (i.e. other forms of exercise). Having established the physical and mental health
benefits of yoga makes it ethically questionable to assign participants to inactive control groups. Although further research is needed, the studies
reviewed here highlight the therapeutic effects of yoga, a practice that is increasingly being called yoga therapy..
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Introduction
This paper is a review of yoga research including empirical
studies, systematic reviews and meta-analyses that have been
published over the last few years to update our last review Flied
[1]. The term yoga was entered as a title term into PubMed,
and the selection criteria were empirical studies (pre-post,
randomized controlled) in which standard treatment, waitlist or
other active treatment (exercise) groups were compared to yoga
groups (of different styles). Exclusion criteria were case studies,
qualitative studies, small sample pilot studies, studies in which
assessors were not “blind” to group assignment and non-English
papers. Following these criteria, this review includes summaries
of 174 papers selected from a total of 933 papers that appeared
on PubMed (231 for 2016, 101 for 2017, 361 for 2018 and 240
for 2019).
These papers have focused on demographics/prevalence of
yoga and the use of yoga for physical and mental health conditions.
Most of the studies in the current literature have addressed yoga
effects on these conditions in adults, although some studies have
focused on prenatal, pediatric and aging samples. The literature
on adult yoga includes mental health problems, e.g. stress,
depression, anxiety and PTSD as well as substance use disorders.
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The physical condition studies include obesity and eating
disorders and pain syndromes including neck pain, low back pain,
knee pain and disease-related pain (e.g. fibromyalgia, diabetes,
inflammatory bowel disease, multiple sclerosis and cancer).

The aging conditions found in the recent yoga literature
include cardiovascular disease, stroke, Parkinson’s and dementia.
Biomarker studies have documented increased heart rate
variability as well as increased connectivity based on fMRI data
and reduced cortisol and pro-inflammatory cells following yoga.
This review is accordingly divided into sections on the prevalence
of yoga, on prenatal yoga, and yoga with pediatric (child and
adolescent) and with adult samples. The adult section is divided
into subsections on stress, mental health and physical conditions.
The physical conditions section is further subdivided into sections
on obesity, eating disorders and pain syndromes including
musculoskeletal and disease-related pain. These are followed by
summaries of studies on aging conditions and on special samples
including veterans and prison inmates. A section on biomarkers
includes physiological and biochemical measures including heart
rate variability, brain connectivity, cortisol and pro-inflammatory
cells. Methodological limitations of this literature and future
research directions are discussed at the conclusion of the paper.
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Prevalence, Demographics and Safety of Yoga Practice
Surveys of practitioners
Surveys published in the last few years highlight the growth of
yoga. In the most recent of these on 34,525 individuals, yoga had
increased from 6% in 2002 to 15% in 2017 Wang Li & Gaylord
[2]. Only 7% of the users were referred by physicians, and the top
three medical conditions for yoga use included acute and chronic
pain, arthritis and depression. In another survey (N=116,404),
lifetime prevalence of yoga use was 13% (31 million users), while
one-year prevalence was 9% (21 million) Cramer & Zhang [3]. In
this study, 70% of users practiced for general wellness or disease
prevention, 66% to increase energy and 50% to improve immune
function. For more specific conditions, back pain was reported
by 20%, stress by 6% and arthritis by 6%. In this survey, lifetime
practitioners were more often female, younger, non–Hispanic
white, college-educated, higher earners, living in the West and in
better health.
In still another survey, although yoga use had increased
significantly over a ten-year period, adherence failed to increase
and use for specific health problems including back pain declined
as well as referral–driven yoga Patwardhan & Lloyd [4]. The
decrease in use for health problems like back pain was surprising
given that the research on yoga for health problems including
back pain had increased during the same time period. A lesser
prevalence of 7% has been reported for Australian women
(N=1925) Lauche & Cramer [5]. In this survey, predictors of
practicing yoga were being married or in a relationship and having
greater health and more education. Not surprisingly, obesity and
diabetes decreased the likelihood of using yoga. In contrast, in a
U.S. study, being in a relationship was negatively correlated with
practicing yoga although obesity was again negatively correlated
with practicing yoga (N=34,525) Cramer & Lauche [6]. In this
sample, being a vegetarian was also associated with practicing
yoga.

Surveys of yoga teachers/therapists

Surveys have also been conducted with yoga teachers/
therapists in this recent literature. In a survey of North American
yoga instructors (N=367), for example, 91% were female and
88% were between the years of 40 and 70 Sullivan & Moonaz
[7]. Most yoga instructors conducted therapeutic yoga classes
(91%) with more than half delivering 1–10 therapeutic classes
per month. The conditions that were seen most frequently were
back/neck pain (77%), joint pain/stiffness (67%) and anxiety
(77%). These therapists were spending on average eight hours
a week in their clinical practice, with 41% earning an annual
income of less than $10,000 from yoga therapy. For example, in
a survey on 968 Iyengar yoga instructors, 81% reported teaching
therapeutic yoga either in groups or privately Ross & Wallen [8].
Although they noted that most practitioners came for help for
over 54 different health conditions, the majority attended yoga
0050

classes for musculoskeletal conditions and injuries followed by
pregnancy and hypertension. Almost the entire sample reported
that pain brought practitioners to yoga most frequently. The
instructors also noted that they modified the poses in yoga classes
for students according to their health conditions and symptoms.

Surveys on adverse events/injuries

The prevalence of adverse events/injuries has also been the
focus of many surveys. In a systematic review of nine observational
studies on 9029 yoga practitioners and 9903 non-practitioners,
the incidence of adverse events happening during yoga classes
was 23%, although serious adverse events occurred in only 2%
of the practitioners Cramer & Lauche [9]. The most common
injury was musculoskeletal including sprains and strains. The
yoga practitioners and non-practitioners had comparable risks
of falling and fall-related injuries. In a cross–sectional survey of
German yoga practitioners, the incidence of injuries was similar
at 29% Cramer & Lauche [10]. And, again, most adverse events
were musculoskeletal that most frequently occurred during hand,
shoulder and head stands. Although the most common yoga styles
were Ashtanga and traditional Hatha, the greatest rate of injuries
occurred during power yoga. In another study, the poses that were
most commonly associated with injuries involved hyperflexion
and hyperextension of the spine which, again, would likely happen
most frequently during shoulder and head stands Lee & Sinaki
[11]. Although the more typical poses involve plantar flexion and
external rotation of the ankle joints, the ankle joints have not been
as involved in injuries Mears & Mannen et al. [12]. Independent
of injuries, the incidence rate for pain caused by yoga was 11% in
a sample of 354 practitioners Campo & Pappas [13]. In contrast
to the preceding studies, a meta-analysis has suggested that
yoga as compared to non-yoga exercise was not associated with
increased injuries. And, although this result was based on only
three randomized controlled trials, the data from these trials are
consistent with previous meta-analyses Cramer, Lauche et al. [14].
Because yoga exercises have been associated with joint
problems, some have suggested that yoga may be potentially
dangerous for joint health Lauche & Cramer [15]. In this study,
this research group assessed 9151 women 62–67 years–old
who were participating in the Australian Longitudinal Study on
Women’s Health. Multiple regression modeling suggested that
30% reported regular problems with stiff painful joints including
16% for problems with the feet, 18% with knees, 12% with hips
and 15% with shoulders. Practicing yoga for these joint problems
highlighted the safety of yoga.
Fortunately, yoga has not involved injuries during the
traditional forms. They tend to occur only during very difficult
poses. The safety of yoga also applies to prenatal yoga for both the
mother and the fetus inasmuch as pre-conception and prenatal
women are not usually practicing shoulder stands and head
stands.
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Prenatal Yoga

Prenatal depression

Table 1: Prenatal yoga effects and first authors.

In a meta-analysis on yoga–based interventions for prenatal
depression, 8 clinical studies were systematically reviewed
Ng Venkatanarayanan & Lim, et al. [18]. Although statistically
significant reductions were noted in depression scores following
the yoga interventions, most of the trials included participants with
only mild depression and relatively small samples. Nonetheless,
these results are consistent with previous studies on the positive
effects of yoga on prenatal depression [1].

Effects

First authors

< less fertility problem stress

Kirca

< stress & anxiety

Darbandi

< prenatal depression

Ng

> fetal outcomes
< labor pain

Labor and delivery

Jahdi

< labor induction

< caesarean section
< time in labor
< time in labor

Chethana

> pain tolerance

< labor induction

< caesarean section
< low birthweight

Prenatal yoga programs have been used not only for problems
like infertility but also for continuing exercise throughout
pregnancy. And, ultimately, prenatal yoga has effectively facilitated
reproduction, reduced labor pain and facilitated delivery
outcomes (Table 1) see table 1for list of prenatal yoga effects.
Infertility. A couple studies have been conducted on lowering
stress levels and assisting reproduction in infertile women.
In a randomized controlled study on 128 women who were
registered for in vitro fertilization and were receiving treatment
for infertility, the yoga program was conducted twice a week for
six weeks Kirca, & Pasinlioglu [16]. Based on the Fertility Problem
Stress Scale, the difference between the pre-and posttest for the
experimental group was greater than for the control group. In a
literature review based on 87 studies on infertility, yoga reduced
pain as well as stress, depression and anxiety and yoga improved
fetal outcomes Darbandi & Sadeghi [17].
Table 2: Pediatric yoga effects and first authors.

Two studies have appeared in the recent literature on pain
alleviation by yoga during labor and the positive birth outcomes
that have resulted from yoga. In one of these studies, the yoga
group attended classes three times a week starting at 26 weeks
gestation, suggesting the positive effects of a longer duration
program Jahdi & Ghaseminejad et al. [19]. In this study, the yoga
participants reported lower pain intensity at 3–4 cm dilation
and at two hours after the first and second measurements. The
mothers who received yoga also had a decreased frequency of labor
induction, a lower incidence of Caesarean section, and a shorter
duration of the second and third stages of labor. In a similar study,
integrated yoga was provided for 30-minute sessions every two
weeks from the 30th to the 39th week of gestational age Chethana
& Saxena [20]. In this study, there was a shorter stage of the late
first stage of labor, greater pain tolerance, a lesser requirement
of labor induction and analgesics and significantly more vaginal
deliveries than Caesarean sections. In addition, the number of
low birth weight babies was also significantly lower for the yoga
group. These data are consistent with an earlier study showing
that prenatal yoga contributed to greater gestational age and
higher birthweight infants Field & Hernandez [21].

Pediatric Yoga

In the recent literature on yoga, a number of studies have
featured children, although surprisingly few studies have involved
adolescents. The pediatric studies have primarily focused on
enhancing cognitive and social competence in non-clinical
samples and in reducing symptoms in clinical samples including
children with anxiety, autism, obesity, asthma, cystic fibrosis,
muscular dystrophy and epilepsy (Table 2) see Table 2 for list of
pediatric yoga effects.

Effects

First authors
Children

> visual attention

Jarraya

> concentration, memory

Gulati

< stress

Nanthakumar

< hyperactivity

> motor speed, self esteem
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< anxiety

> body image

Halliwell

> smooth gait

Hainsworth

< asthma episodes

Pandy

< anxiety & pain

McNamara

< epileptic seizures

Kanhera

> heartrate variability

Vidyashree

> positive mood states
> emotional well-being
< drug intake
> respiration

< abnormal EEGs

> heartrate variability

Adolescents

Pradnya

> social competence

Kwasky

> social competence

Choukse

> flexibility
empathy

>altruism

> relationships with parents
> executive function
> attention

> working memory

< inflammatory bowel symptoms
< abdominal pain

Children

> sleep

Cognitive and social competence: In a study on the youngest
practitioners, kindergarten children practiced Hatha yoga twice
per week for 30 minutes for 12 weeks Jarraya & Engel [22]. By
the end of the study, the children in the yoga group were showing
improved visual attention and visual–motor behavior as well as
decreased inattention and hyperactivity as compared to a group
who engaged in physical education. In a sample of 10-year-old
children, yoga was practiced for 60 minutes per day for four and
a half months Gulati & Balkrishna [23]. By the end of the study,
the children showed improved attention, concentration, memory,
motor speed and self-esteem. In addition, the teachers rated the
children as having better behavior with their peers and their
teachers. Unfortunately, this was a pre-post design study rather
than a randomized controlled trial.
Stress and anxiety: Stress and anxiety in grade school children
was the focus of a recent narrative review on 8 yoga studies that
included asanas (postures), pranayama (breathing exercises),
dharana (concentration) and dhyana (meditation) Nanthakumar
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Vhavle
Arruda
Evans

[24]. Despite the limitations noted in these studies including
small sample sizes and heterogeneity of the yoga practice, the
consistent findings suggested that yoga reduced stress and
anxiety in children.

Autism: In a study on 50 children with autism spectrum
disorder, the children were randomized to a group that received
three months of yoga training or a control group Vidyashree &
Partheeban [25]. At the end of the training, a significant increase
was noted in heart rate variability in the yoga group, suggesting
enhanced attentiveness since increased heart rate variability is
associated with increased attention.
Muscular Dystrophy: Given that cardiac disorder is the second
most common cause of death in children with muscular dystrophy,
physical therapy is typically prescribed to maintain their cardioautonomic function Pradnya & Meghana et al. [26]. In this study,
124 children with muscular dystrophy were randomized to
receive physical therapy alone or physical therapy plus yoga.
Heart rate variability was measured at three-month intervals
across one year. Increased heart rate variability was noted across
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nine months for the physical therapy group but across twelve
months for the physical therapy plus yoga group.
Body image: In a large sample study on 344 British children, a
four-week yoga intervention was provided for 9–11-year-old
children who were randomly assigned to a yoga or to a physical
education control group Halliwell & Slater [27]. As in many studies
that compared yoga with other forms of physical exercise, both
groups had an improved body image, and both had an increase in
positive mood states.
Obesity: Pediatric obesity has notably impacted the gait and
emotional well–being of children. In a pre-post study, a 2-month
Iyengar yoga intervention (one-hour classes twice per week) led
to significant improvements in several gait parameters including
hip, knee and ankle motion as well as improved emotional wellbeing Hainsworth & Tran et al. [28]. Surprisingly, there were no
changes in physical activity or body weight. A longer duration
yoga intervention may be required to increase physical activity
and reduce weight.

Asthma: In a one-year long yoga program, children with chronic
asthma experienced fewer asthma episodes, and their scores
were higher on an asthma control test Pandya [29]. In addition,
they had reduced drug intake as compared to a control group. The
strongest predictor of these positive results was self-practice.
Cystic fibrosis: Cystic fibrosis is the most common genetic, life–
limiting condition among children McNamara & Thygeson et al.
[30]. It is often accompanied by depression, anxiety and pain. In
a pre-post study, 20 children practiced a list of 30 yoga asanas
during six one–on–one session over a 10–week period [30].
Anxiety and pain scores decreased, and respiration improved
following this protocol.

Epilepsy: Epilepsy typically begins in childhood, but although
yoga has been studied in adults with epilepsy, only one yoga study
has focused on children with epilepsy. In this recent randomized
controlled trial, 20 children with a diagnosis of epilepsy who were
on antiepileptic drugs were given 10 one-hour yoga sessions
Kanhera & Mukherjee [31]. At the end of six months, none of the
children in the yoga group had seizures while three of the children
in the control group had seizures. In addition, at the end of the
treatment period only one abnormal EEG was noted in the yoga
group whereas seven of the 10 children in the control group had
abnormal EEGs.

Adolescents

Social competence
In one of the few studies on yoga in adolescents, young
adolescents practiced yoga twice weekly for two months Kwasky &
Serowoky [32]. The adolescents showed significant improvement
on social scores and on waist circumference and flexibility. The
authors suggested that social improvement probably related to
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belonging to a group, namely a yoga group. Social competence
has also improved following a seven–day yoga intervention that
was given in a residential setting Choukse [33]. In this pre-post
study, improvements were also noted on empathy, altruism
and relationships with parents. The researchers expected that
these psychosocial improvements would also affect academic
performance, although that was not measured.

Cognitive function

Cognitive function was studied in a randomized controlled
trial on 802 students who were randomly assigned to receive
one-hour daily yoga training or physical exercise for two months
Vhavle & Manjunath [34]. The results suggested that both yoga
and physical exercise improved executive function, attention and
working memory. Once again, yoga and exercise protocols had
similar effects.

Cardio-respiratory function

In a study sensing cardio-respiratory function, adolescents
were randomized to receive one hour of daily yoga training
or physical exercise over a period of two months Satish &
Shreeganesh et al. [35]. In this study, VO2 (the maximum amount
of oxygen utilized during exercise) was assessed as a measure of
aerobic endurance or cardiovascular fitness. There was a greater
improvement in VO2 in the yoga group possibly because the
physical exercise was too strenuous for that group.

Irritable bowel syndrome

Surprisingly, irritable bowel syndrome was the only clinical
condition that appeared on adolescents in this recent yoga
literature. Irritable bowel syndrome is increasingly common
in adolescents and is debilitating for recurrent abdominal pain
and altered bowel habits. In a study on adolescents’ irritable
bowel syndrome, the adolescents were given three 60 -minute
in–person yoga classes at three times over an eight-week period
and three 30-minute yoga videos per week Arruda & Yeh [36]. The
adolescents experienced less pain and other physical symptoms of
irritable bowel syndrome as well as reduced stress, although they
had difficulty completing the yoga videos due to time limitations
and competing priorities. In a study on a six-week Iyengar yoga
intervention with adolescents aged 14 to 17 years, only half the
adolescents responded successfully to the yoga including their
experiencing reduced abdominal pain and improved sleep Evans
& Zeltzer [37]. The responders reported having experienced
benefits early in the treatment period and that their parents
were supportive and committed to the intervention. Notably,
both the responders and the non-responders talked about the
importance of home practice to sustain these benefits, although
non-compliance might be an issue with adolescents.

Adult Yoga Research

Most of the research on yoga effects has been conducted
with adults which reflects the greater prevalence of adult yoga
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practitioners. Recent research on yoga effects can be categorized
as yoga for mental health and physical health conditions. Unlike
the earlier published research that focused primarily on healthy
practitioners versus non-practitioners, the more recent research
has more frequently involved adults with mental health or
physical health conditions [1].

Mental health conditions

Table 3: Adult yoga effects on mental health conditions and first authors.
Effects

First authors

> mindfulness

Kishida

> mindfulness

Trent

> self-compassion
> positive affect
< stress

> mental well-being

< stress, anxiety, depression and
insomnia
<stress and job burnout

Telles, Tulloch, Domingues
Maddux

Cocchiara

< stress

Puerto Valencia

< depression, anxiety & pain disorder

Saeed

< depression, stress & anxiety
< depression & anxiety
< depression & anxiety

Shohani

Vollbehr

Nguyen-Feng

< anxiety disorder

Tolahunase, Bukar

< nicotine dependence

Kuppili, Jeffries

< PTSD symptoms

Cramer, Kelly

Psychological conditions that have improved following yoga
include mindfulness, psychological well-being and stress which
are among the only few studies that appear in the recent literature
on healthy practitioners. The mental health problems that have
been assessed for yoga effects on clinical samples include
depression, anxiety, post-traumatic stress disorder and substance
use disorders see (Table 3) for list of yoga effects on mental health
conditions.

Mindfulness

Increased mindfulness has been noted following yoga in at
least two studies on healthy practitioners. In one of these, 104
community–dwelling yoga practitioners who practiced at least
once a week were recruited for a three-week daily diary study
Kishida [38]. On days that the yoga practitioners practiced more
yoga as compared to a usual care group, they experienced greater
mindfulness and self-compassion. Then in the second study on
yoga effects on mindfulness, a five-day program was delivered
at the Kripalu Center for Yoga and Health which included five
hours per day of yoga, meditation, lectures and experiential
0054

activities Trent & Dusek [39]. Relative to the controls, the yoga
group experienced greater mindfulness as well as more positive
affect and less stress both immediately after and two months
after the end of the program. This study is not only confounded by
the different activities in the five hour per day program but also
because the participants were not randomly assigned to groups.

Greater mindfulness was associated with positive affect in
both previous studies. And mindfuness might explain the greater
usage of positive terms in a study that involved a lexical analysis
of 3000 words collected before and after yoga classes Blades, &
MacFadyen [40]. This study suggested that more words connoted
positivity following yoga classes, although there was no increase
in thought processes involving creativity.

Mental well-being. Mental well-being was the primary
dependent measure in a cross-sectional study on yoga–
experienced versus yoga–naïve individuals Telles & Balkrishna
[41]. The results suggested that the yoga-experienced group
had significantly greater mental well-being which in turn was
correlated with the number of months that yoga had been
practiced.

In a meta-analysis on yoga and mental well-being, 12 trials of
high methodological quality including 752 adults age 60+ years
suggested a positive effect of yoga on mental well–being Tulloch &
Tiedemann [42]. In a similar systematic review, the effects of yoga
poses were reviewed across 14 studies Domingues [43]. The most
common positive mental health outcomes included mindfulness
and well-being

Stress

Moderate to high stress employees were randomly assigned
to 16 consecutive weeks of yoga or to a waitlist crossover group
who did not practice yoga for eight weeks and then practiced yoga
for eight weeks Maddux & Telled [44]. Surprisingly, the groups
practiced for 16 weeks showed equivalent reductions in stress,
anxiety, depression and insomnia. Stress has been the focus of
so many yoga studies that at least two systematic reviews were
found in this recent literature. In the first of these, 11 studies on
management of stress in healthcare workers met inclusion criteria
Cocchiara & Polimeni et al. [45]. Yoga not only prevented stress
in healthcare workers but also reduced job burnout. In the other
systematic review on yoga effects on the management of stress
in the workplace, only 13 of 1343 papers met inclusion criteria
Puerto Valencia & Heinze [46]. Once again, the primary effect of
yoga was the reduction of stress.

Depression

Depression has also been the focus of many yoga studies.
In a quasi-experimental study with a pre-post-test design, 12
sessions of Hatha yoga practice were effective in reducing not only
depression but also stress and anxiety Shobani & Rahmati et al.
[47]. The effects on all three of these problems are not surprising
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given that they are typically comorbid conditions Field & Kuhn
et al. [48]. In a review of systematic reviews and meta-analyses,
yoga as a single or a complementary therapy had positive effects
on depression Saeed Cunningham & Bloch [49]. In addition, as
a complementary therapy, yoga facilitated treatment of anxiety
disorders, most especially panic disorder [49]. However, in a
systematic review and meta-analysis on 18 studies, yoga reduced
depression when compared to psychoeducation control groups
but not as compared to other active control groups like exercise
Vollbehr &, Steenhuis et al. [49]. And, with respect to anxiety, yoga
also had no significant effects when compared to other exercise
groups. In another systematic review and quantitative synthesis,
12 articles met inclusion criteria Nguyen-Feng, & Butler [51]. The
yoga sessions ranged from two days to 16 weeks [51]. Their results
showed only weak evidence for yoga reducing depression and
anxiety following traumatic life experiences due to the low quality
and high risk of bias studies that were included in the analysis.
In the only study on major depression disorder (MDD), patients
with MDD diagnoses were randomly assigned to receive yoga or
drug therapy Tolahunase & Dada [52]. Yoga was effective for those
patients who were resistant to antidepressants. In another study
on inpatients with anxiety disorders, Hatha yoga was offered
three times per week and anxiety symptoms were significantly
decreased after only two classes Bukar & Davidson [53].

Post-traumatic stress disorder (PTSD)

Post-traumatic stress disorder has also been the focus of
a sufficient number of yoga studies that at least two systematic
reviews have been published recently. In one of these, seven
randomized controlled trials were included Cramer & Dobos
[6]. In this meta-analysis on PTSD and yoga, low-quality
evidence was found on clinically relevant effects of yoga as
compared to no treatment. However, this was a small number
of randomized controlled trials, and they were small samples.
In another systematic review, only yoga studies that had at
least one physiological variable were included Kelly & Noggle
Taylor [54]. This research group noted that although much of
the literature suggests physiological mechanisms underlying
yoga effects on PTSD, very few studies have actually included
physiological measures. They, nonetheless, proposed a psychoneuroimmunology model on mechanisms related to activation of
the hypothalamic-pituitary-adrenal axis and inflammation.

for nicotine dependence. The sample sizes of these studies
surprisingly ranged from 18 to 624, and of these, the majority
suggested that yoga was effective in reducing substance use as
well as substance-related craving, especially for nicotine-use
disorders but only for the short-term.

Physical Health Conditions

This section includes yoga research on tinnitus, obesity and
eating disorders as well as yoga for musculoskeletal and diseaserelated pain. The musculoskeletal pain studies are focused on
migraine, neck pain, low back pain and knee osteoarthritis. The
disease-related pain conditions include fibromyalgia, diabetes,
inflammatory bowel disease, premenstrual syndrome, multiple
sclerosis and several forms of cancer. see (Table 4) for list of yoga
effects on physical health conditions). Tinnitus. The perception
of sound in the absence of an external source of sound is an
increasingly prevalent condition Koksoy & Vayisoglu [57]. In
this study, the distressing “ringing in the ears” was not reduced
although the stress, handicap and severity was reduced after
three months of weekly yoga classes.
Table 4: Adult yoga effects on physical health conditions and first authors.
Effects

First authors

< severe tinnitus

Koksov

metabolic demand same as treadmill

Pryor

> enjoyment of physical activities in obese
individuals
> number poses> weight loss
< eating disorder symptoms
> body flexibility

Physical fitness

Telles

Forseth

Domingues, Karlson
Kongkaew

Substance use disorders

In a meta-analysis on randomized controlled trials on yoga for
physical fitness, seven studies met inclusion criteria Kongkaew &
Meesomperm [58]. Yoga training was not only related to greater
flexibility but also increased range of motion for both right
shoulder extension and right shoulder abduction. Although the
unique findings for the right shoulder versus the left shoulder are
difficult to interpret, the measurement of flexibility and range of
motion made this a unique study in the recent literature on yoga.

In a study that compared Hatha yoga to a wellness control
condition (i.e. reading educational materials about a healthy
lifestyle), craving for smoking decreased at a greater rate in the
30–minute Hatha yoga group relative to the wellness condition
Jeffries & Buckner [55]. In a narrative review on yoga for
managing substance use disorders, 314 studies were found but
only 16 studies fulfilled the inclusion and exclusion criteria and
only 12 were randomized controlled trials Kuppili & Balhara
[56]. The majority of these studies involved yoga as management

Although weight loss is presumably the goal of many who
participate in yoga, weight loss is rarely measured in research on
yoga. Weight loss yoga videos have been commercially available,
and in one study, those videos were content analyzed for the
duration of routines, the number of completed poses, the body
position of each pose and the pose rate Forseth. In that study,
weight loss routines featured the greatest number of poses and
the fastest pose rate as compared to beginner routines and stress
relief/meditation routines. Weight loss videos also included more

0055

Weight loss
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standing poses and a lower percentage of seated and supine poses.
Yoga has also been studied for its effect on body image NeumarkSztainer & Rydell [59]. Participants who were greater weight were
more likely to report a positive impact on their body image than
those who were lower weight.

Obesity

Obesity is one of the most prevalent medical conditions and,
as such, it is a research funding priority. Even though yoga is
an exercise that might be expected to reduce obesity, very little
research was found on obesity in this recent yoga literature. The
two studies that were found showed positive effects of yoga on
obesity, but neither showed effects on weight loss. In the first study,
a group of Asian-Indian obese adults who were yoga-experienced
were compared to a group who were yoga-naïve Telles & Arya et
al. [60]. The group who were experienced reported having a better
quality of life including enjoyment of physical activities, ability
to work, self–esteem and social satisfaction. In a second study,
the researchers compared the metabolic demands of moderate
intensity walking on a treadmill to yoga performed at various
tempos Pryor & Moore-Reed [61]. The metabolic equivalents
observed in moderate (four seconds/pose) and high (three
seconds/pose) tempo yoga were equivalent to treadmill walking.

for the individuals who had been randomized to the yoga group.
In a selective review, four meta-analyses were found that covered
multiple pain conditions including chronic headache, neck pain,
back pain, fibromyalgia, pelvic pain, irritable bowel syndrome and
chronic fatigue syndrome Sutar & Desai [65]. The meta-analyses
indicated modest effectiveness of yoga for these disorders.
Table 5: Adult yoga effects on musculoskeletal pain and first authors.
Effects

First authors
General pain

< pain

Schmid, Sutar

Musculoskeletal pain

< pain

Monson, Hartfield

< neck pain

Dunleavy, Kim 2016, 2018 Cramer
2017, Li

< migraine headaches
< low back pain
< knee pain

< rheumatoid arthritis pain

Sharma

Telles, Kuvacic, Patil 2015, 2018

Saper, Neyaz, Whitehead, Wieland
Park, Chueng 2016, 2017

Mathersul, Kuntz, Kan, Wang, Lauche
Greyson, Ward, Gautam

Eating disorders

Musculoskeletal pain in general

The paucity of yoga research on eating disorders is also
surprising. In one study, adult females with bulimia were
randomized to an 11–week yoga group (90-minute sessions
two times per week) or a control group Karlsen & Benum [62].
Although there were no differences at the end of the therapy period
on the Eating Disorders Inventory, the yoga group had reduced
Eating Disorder Examination scores that included restraint and
eating concerns. The group differences were even greater at the
six-month follow-up period, suggesting that the yoga participants
may have continued the practice after the end of the study. In a
systematic review on yoga and eating disorders, 12 studies met
criteria Domingues & Carmo [63]. Although the results across the
studies were inconsistent, yoga practice was typically related to
healthier eating behavior, fewer eating disorder symptoms, more
positive body image and body satisfaction, suggesting that yoga
practitioners may be at less risk for developing eating disorders.

In a study on musculoskeletal pain in general, two yoga sessions
per week (60-minute sessions) were provided for a convenience
sample of dental hygiene students for 13 weeks Monson & KrenikMatejcek [66]. The yoga group reported a significant decrease
in musculoskeletal pain. In a similar study that occurred in the
workplace, participants were randomly assigned to an eight-week
yoga program with a six-month follow-up Hartfield & Edwards
[67]. At the six-month follow-up, the yoga group reported only
having missed two workdays due to musculoskeletal pain versus
the usual care comparison group that missed 43 days.

Musculoskeletal Pain

Pain has been the most frequently claimed reason for practicing
yoga including musculoskeletal and disease-related pain. The pain
syndromes discussed under musculoskeletal pain include migraine
headaches, neck pain, low back pain and knee osteoarthritis. see
(Table 5) for list of yoga effects on musculoskeletal pain). Chronic
pain in general has been addressed in a randomized controlled
trial which primarily assessed occupational performance after
an eight-week yoga practice versus usual care Schmid [64]. In
this study, pain and depression were reduced and significant
improvements in occupational performance scores were noted
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Migraine headaches

Yoga effects on migraine headaches have surprisingly been
rarely researched. An exception was a study that combined yoga
therapy and Ayurveda Sharma & Ertsey [68]. Following 90 days of
intervention, the therapy group showed a significant reduction in
migraine symptoms including pain intensity.

Neck pain

Chronic neck pain has been experienced by roughly half of the
population Allende & Kramer [69]. Unlike the paucity of research
for migraine headaches, several studies have been conducted
on neck pain including a few systematic reviews and meta–
analyses. In a pretest–posttest design study, university students
were assigned to a yoga exercise group (one–hour sessions for
two days a week for two months) Kim [70]. The yoga exercises
included flexion of the neck, extension of the neck, right lateral
flexion of the neck, left lateral flexion of the neck, right rotation of
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the neck and left rotation of the neck. Pain was simply measured
by a 100 mm visual analogue scale. By the end of the two-month
study, the yoga group showed significantly lower neck pain scores
compared to the control group. This protocol may have been
especially effective because of its focus on the region of pain,
namely the neck.

In a nine–week Iyengar yoga course, participants with
chronic non—specific neck pain were randomized to either the
yoga group or self–directed exercise Allende & Cramer [69]. The
degree to which they benefited varied and they did not experience
a consistent reduction in neck pain intensity. The sample size for
this unconditional growth model study may have been too small
for the complexity of the data analysis. In another neck pain study,
yoga was compared with Pilates Dunleavy & Talley et al. [71]. The
pain ratings decreased significantly for both the Pilates and the
yoga groups. Surprisingly, no improvements in range of motion or
posture were noted for either group.

In one of the systematic reviews of randomized trials on
yoga for neck pain, only three trials were identified as meeting
criteria Kim [72]. Nonetheless, those studies suggested that neck
pain intensity and functional disability were significantly lower in
the yoga versus the control groups. In another systematic review
and meta-analysis on the effects of yoga on chronic neck pain,
again only three studies were found to meet criteria Cramer &
Dobos [73]. The results revealed short-term effects for neck pain
intensity, neck pain-related disability and quality of life. In still a
third systematic review and meta-analysis on 10 trials including
686 participants, yoga was compared with other interventions Li
& Yuan [74]. The results suggested that yoga had positive effects on
neck pain intensity, neck pain-related functional disability, cervical
range of motion and mood. As the authors suggested, however, a
comprehensive summary of all the evidence was difficult due to
the different types of yoga and duration of the yoga interventions
as well as the different outcome measures. Chronic low back pain.
Chronic low back pain affects millions of people worldwide and
appears to be increasing in prevalence Chang & Groessl [75].
And, it is the most frequently researched form of pain in the yoga
literature. Chronic low back pain has also been associated with
increased disability, psychological symptoms and reduced quality
of life. In a feasibility study that compared 14 practices yoga led
to lower back pain ratings, disability ratings and perceived stress
Patil & Subramanya [76]. This study, however, was limited by not
having any treatment comparison groups or control conditions.
In another low back pain study, 62 adults with degenerative
intervertebral discs were randomly assigned to yoga and control
groups Telles & Balkrishna [77]. The yoga protocol included
physical postures, breathing exercises and relaxation techniques
for one hour daily for 12 weeks. Although the yoga group showed
a significant reduction in self–reported pain and state anxiety,
they did not show MRI changes in the intervertebral discs and the
vertebrae. These results are confounded by the combination of
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breathing exercises, postures and relaxation. In still another study
on low back pain, 30 individuals were assigned to a yoga or an
educational pamphlet group Kuvacic & De Giorgio [78]. The yoga
group participated in an eight-week (two days per week) program
that also included education on spine anatomy/biomechanics and
the management of chronic low back pain. Although the yoga
group experienced significant decreases in pain, anxiety and
depression, there were no group differences on disability. These
results, again, are confounded by the addition of education and
management to the yoga therapy.

More mixed results emerge when yoga is compared to a
different form of exercise. In a study in which 88 female nurses
were randomized to a yoga group or a physical exercise group, the
groups were equivalent on the time spent exercising (one hour
per day for five days a week for six weeks) Patil & Patil [79]. In
this case, although both groups experienced reduced pain, yoga
led to greater pain reduction. In a study that compared yoga and
physical therapy for chronic low back pain, participants were
randomly assigned to 12 weekly yoga classes or 15 physical
therapy visits or an educational book/newsletter group Saper &
Sadokova et al. [80].
The yoga and physical therapy groups had lower levels of pain
medication than the education group and the reduction of back
pain was maintained for both the yoga and physical therapy groups
as late as one year after the treatment. This long-term effect was
surprising because the positive effects would not be expected to
extend beyond the treatment period. But this result may be related
to the participants having continued treatment following the end
of the study. In a similar exercise comparison study, patients with
chronic low back pain were randomly assigned to Hatha yoga or to
a conventional therapeutic exercise group Neyaz & Wadhwa [81].
Both groups attended 35–minute weekly sessions for 12 weeks
and the participants were asked to practice on non-class days at
home. Once again, the two types of exercise had equivalent effects.

In a systematic review of yoga for the treatment of low back
pain, most of the 12 trials that met criteria used Iyengar or Hatha
forms of yoga Whitehead & Gould Fogerite [82]. When yoga was
compared to non-exercise controls, low back pain was reduced,
and back-related function was improved in the yoga but not the
non-exercise control groups. However, when yoga was compared
to non-yoga exercise controls, there were no group differences
in pain reduction and back-related function at the three-month
follow-up assessments. Similarly, in another systematic review,
nine trials (810 participants) of yoga compared to non-exercise
controls showed pain reduction and improved back–related
function for the yoga versus the non-exercise groups Wieland, et
al. [83].
But when four trials (394 participants) of yoga were compared
to non-yoga exercise controls, no group differences were noted in
pain reduction and back–related function. In contrast, when three
systematic reviews that included 10 randomized controlled trials
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were reviewed, significant effects were noted for short and longterm pain reduction and long-term effects were noted for reduced
back disability in the yoga versus the control groups Goode et al.
[84]. This literature could be summarized as yoga reducing low
back pain when compared to non-exercise control groups but
having equivalent pain reduction effects when compared to other
exercise groups. This is not surprising given that both forms of
exercise are stimulating pressure receptors that would lead to
pain reduction via increased serotonin or reduced substance
P, although these were not measured [1]. The almost exclusive
reliance on self-report in these studies limits the power of their
results.

Knee pain

Knee pain is most commonly a symptom of osteoarthritis
which is a highly prevalent and disabling chronic condition
Cheung, Justice & Peden-McAlpine [85]. Physical activity is a
critical component of the management of osteoarthritis, and yoga
has become increasingly popular for managing osteoarthritis.
Because this condition is more prevalent in older adults, attempts
have been made to modify yoga for that age group. For example,
chair yoga has been offered in a senior center in a recent study
Park, McCaffrey, Newman, Liehr & Ouslander [86]. Older adults (N=
131) were randomly assigned to chair yoga or a health education
program. Both groups met twice weekly for 45-minute sessions
for two months. The chair yoga group showed greater reduction
in pain interference that was surprisingly sustained for 3 months
after the end of the intervention. However, although pain, gait
speed and fatigue scale scores improved for the yoga group, they
were not sustained after the end of the intervention. The authors
reported in another publication that once the participants were no
longer in group sessions for yoga, they did not continue their yoga
practice McCaffrey, Park & Newman [87]. If the yoga practice was
not continued, it is not surprising that its pain-relieving effects
were not sustained. If the pain relief is related to the stimulation
of pressure receptors, the pain relief would not be expected to
continue in the absence of that stimulation.
One of the ways that yoga researchers are attempting to
sustain the benefits is by having participants engage in home
practice sessions usually by following sessions on DVD. For
example, in a randomized controlled trial with three arms, Hatha
yoga was compared to aerobics and an education control group
Cheung, Wyman, Bronas, McCarthy, Rudser, et al. [88]. The two
exercise groups met for eight weekly 45- minute classes with
the expectation that the participants would then engage in home
practice sessions for 2 to 4 days a week. At the end of the study,
the Hatha yoga group had a greater improvement in pain, anxiety
and fear of falling than the other two groups. The more positive
effects for yoga than aerobics may relate to the aerobics being too
strenuous and/or the lesser compliance with the home aerobics
than the home yoga. Tele-yoga (real-time interactive video
conferencing) has also been an effective home therapy for knee
pain Mathersul, Mahoney & Bayley [89].
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In another randomized controlled trial, 31 women with knee
osteoarthritis were assigned to one of three groups including a
yoga exercise, a traditional exercise and a no exercise attention
control group (a meditation group) Kuntz, Chopp-Hurley,
Brenneman, Karampatos, Wiebenga, et al. [90] The participants
were asked to attend three one-hour group classes each week for
three months. The yoga group experienced greater improvement
in pain and physical function and the traditional exercise group
showed greater improvement in flexor strength. No changes
were noted in the meditation group.Several reviews have been
published in the last few years on the use of yoga with knee
osteoarthritis. In one of the first of these, most of the studies
that were reviewed showed a clinically significant reduction in
pain especially research that focused on poses (for example, the
Iyengar studies) as opposed to those that had integrated protocols
including poses, breathing and meditation exercises [1]. In a
focused review, Iyengar and Hatha yoga were the most commonly
used types of yoga Cheung, Park & Wyman [91]. The frequency
of the yoga sessions ranged from once a week to six days a week
and the duration of the sessions ranged from 45 to 90 minutes
per session for 6 to 12 weeks. The data from these 12 studies on
59 participants with knee osteoarthritis suggested reductions in
pain, stiffness and swelling. However, the physical function results
were inconclusive because of the variety of outcome measures
that were used.

In a systematic review on six studies involving 372 patients
with knee osteoarthritis, the most common yoga protocol was
40-90 minutes per session lasting for at least eight weeks Kan,
Zhang, Yang & Wang [92]. In these studies, the pain relief and
improvement in function could be seen as early as two weeks into
the interventions. In a systematic review and meta-analysis on
13 clinical trials involving 1557 patients, yoga was effective for
reducing arthritic symptoms including pain and for promoting
physical function Wang, Lu, Wang, Jiang, Rao, Wang et al. [93].
In another systematic review and meta-analysis on nine trials
including 640 individuals with knee osteoarthritis, yoga was
effective for reducing pain and stiffness and improving function
as compared to both exercise and non-exercise control groups
Lauche [5]. These results were surprising given that several other
yoga studies have shown equivalent effects of yoga and other
forms of exercise.

Rheumatoid Arthritis

Pain reduction has also been the focus of yoga studies
on patients with rheumatoid arthritis. In a recent survey on
the prevalence of yoga among 398 patients with rheumatoid
arthritis, 88% were females, 66% were white, the mean age was
62 years, the mean duration of the disease was 25 years and
only 11% participated in yoga Greysen [94]. The most common
styles were Vinyasa, Hatha, Iyengar and restorative yoga which
were mostly practiced in group settings. The yoga participants
were significantly more likely to work full-time, less likely to be
unable to work due to disability and had better physical function.
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In a study on the management of pain and sleep in adults with
rheumatoid arthritis, the participants were randomized to either
eight weekly 75-minute yoga classes or a usual care control group
Ward [95]. The retention rates were 100 percent for yoga and
92% for usual care at the 12-week follow-up assessment. Pain
reduction was greater in the yoga group and, surprisingly, more
than half the yoga group participants reported continuing yoga at
home after the end of the study.
In an important biomarker study, 72 rheumatoid arthritis
patients were randomly assigned to a yoga group that also
received anti-rheumatic drug therapy or a group that received
the drug therapy alone Gautam 2019. After eight weeks of yoga,
a significant decrease was noted in the severity of rheumatoid
arthritis as evidenced by a reduction in the levels of various
systemic inflammatory markers as well as in the erythrocyte
sedimentation rate (a faster than normal rate that may indicate
inflammation). In addition, significant reductions in disability and
depression were noted in the yoga group.

Disease-Related Pain

The disease-related pain conditions reviewed here include
fibromyalgia, diabetes, inflammatory bowel disease, premenstrual
syndrome, multiple sclerosis and several forms of cancer. All of
these have benefited from yoga practice/therapy. see (Table 6) for
list of yoga effects on disease-related pain.
Table 6: Adult yoga effects on disease-related pain and first authors.
Effects

First authors

< pain, <stress

Koksoy

< pain, > strength

Hegde

< pain,> sleep

Carson

> antioxidants in diabetes

< pain, glucose, cholesterol, triglycerides
in diabetes

Mondal

< pain & anxiety

Sharma, Schumann

< menstrual pain

Yonglitthipagon, Yang

< pelvic pain

Saxena, Kinser

< pain, > sleep in premenstrual syndrome
< menstrual pain, > sleep

Ghaffarilaleh
McGovern

< pain, fatigue, depression in multiple
sclerosis, Kahraman

Hasanpour Dehkordi

< pain, fatigue, & sleep disturbance in
breast cancer

Cramer 2017

< pain, fatigue, anxiety & depression

Kuloor

< shoulder & arm pain in breast cancer
< pain & fatigue in multiple cancers

Fibromyalgia

Eyigor

Danhauer

In a three-month study on yoga with fibromyalgia patients,
changes were noted in the processing of pain (Carson 2016).
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In this sample, significant improvements were noted in pain
tolerance and pressure pain threshold at the post–treatment
assessment. Fibromyalgia symptoms and functional deficits also
improved including physical tests of strength and balance as well
as pain coping strategies. These effects may derive from enhanced
sleep following yoga and, in turn, a reduction in substance P that
causes pain, as has been noted in other studies [1].

Diabetes

Although pain is not usually the focus of yoga for diabetes
studies, pain has been reduced in type 2 diabetes Schmid, Alter,
Malcom, Grimm, Klinedinst, Marchant et al. [96]. In this eightweek study, yoga was more effective than usual care not only for
reducing pain but also for increasing upper and lower extremity
strength. In another study on type II diabetes, participants were
randomly assigned to a yoga group or a stretching exercise group
for three months (Hegde 2019). Again, not only was pain reduced
but the levels of glutathione (antioxidant) were increased in
the yoga group. The yoga included both postures and breathing
exercises so it is again not clear which aspect of yoga was
contributing to these effects.
In still another diabetes study (three sessions per week for 12
weeks), participants were randomly assigned to a yoga or control
group Mondal, Kundu & Saha [97]. In this study, pain decreased but
also decreases were noted in fasting plasma glucose, postprandial
blood sugar, total cholesterol, triglycerides, low density lipoprotein
and very low-density lipoprotein as well as increased high density
lipoprotein. Again, the yoga practice included both poses and
breathing exercises. In a systematic review and meta-analysis
on eight studies including 842 participants, yoga as compared
to exercise had greater effects on glycemic control including
fasting blood glucose and postprandial blood glucose as well as
glycosylated hemoglobin and body mass index Jayawardena,
Ranasinghe, Chathuranga, Atapattu & Misra [95].

Inflammatory bowel disease

Inflammatory bowel disease (IBD) (also known as
irritable bowel syndrome) is a chronic illness characterized
by inflammation in the gastrointestinal tract that results in
abdominal pain, cramping, diarrhea and bloody stools Sharma,
Poojary, Dwivedi & Deepak [98]. A few studies in this recent
literature have documented the positive effects of yoga on
these symptoms. In one study, 100 IBD patients were randomly
assigned to yoga (eight weeks of physical postures, breathing and
meditation exercises one hour per day) or a control group that
received standard medical therapy alone Sharma et al., [98]. At
the end of the eight-week intervention, a significant decrease
was noted in pain as well as state and trait anxiety levels. In a
systematic review on six randomized controlled trials with a
total of 273 patients, yoga was noted to decrease pain as well as
other irritable bowel symptoms and anxiety Schumann, Anheyer,
Lauche, Dobos, Langhorst & Cramer [99].
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Premenstrual syndrome and menstrual pain
Women with premenstrual syndrome (also called dysmenorrhea) typically complain of pain and associated problems including sleep disturbances and depression. In a study on premenstrual syndrome, 62 women were randomly assigned to a yoga or a
control group Ghaffarilaleh, Ghaffarilaleh, Sanamno, Kamalifard
& Alibaf [100]. The yoga group received three sessions per week
lasting 60-minutes for a 10-week period. Premenstrual pain was
reduced as well as sleeping problems including the quality of
sleep, sleep latency and sleep efficiency. In a later paper by the
same group, the same yoga practice by the same sample resulted in significantly lower diastolic blood pressure and depression
Ghaffarilaleh, Ghaffarilaleh, Sanamno & Kamalifard [101].

Yoga has also reduced menstrual pain

In one study on 64 participants, 91% reported experiencing
menstrual pain Tsai [102]. After a 12-week yoga intervention,
the participants reported decreased pain, use of analgesics,
abdominal swelling, breast tenderness and cold sweats. The
reduction in menstrual pain was correlated with the other effects.
In a later paper by the same group, the same yoga practice by
the same sample resulted in significantly lower diastolic blood
pressure and depression Ghaffarilaleh, Ghaffarilaleh, Sanamno
& Kamalifard [101]. In another study on menstrual pain, a yoga
group practiced for 60-minutes once per week for 3 months and
similarly showed decreased menstrual pain Yang & Kim [103].
Menstrua pain has been reduced even when yoga was practiced
for only 30-minute sessions, twice per week for 12 weeks
Yonglitthipagon, Muansiangsai, Wongkhumngern, Donpunha,
Chanavirut, et al. [104]. In a systematic review on 14 randomized
controlled trials on yoga for menstrual pain (N = 1409), several
improvements were noted including reduced pain, improved
sleep, reduced negative feelings and improved social relationships
McGovern, & Cheung [105].

Pelvic pain

Pelvic pain is such a common problem that a special
questionnaire has been developed for its assessment called the
Impact of Pelvic Pain Questionnaire and at least one systematic
review has been published on the recent literature. In a randomized
controlled study, 60 female patients with chronic pelvic pain were
assigned to a yoga group that received poses, breathing exercises
and meditation and were compared to a treatment as usual
control group Saena, Gupta, Shankar, Jain & Saxena [106].After
eight weeks of yoga, pain intensity was significantly decreased.
In a twice weekly Iyengar yoga class, participants were asked to
practice yoga at home for one hour a week for six weeks and to
keep a daily log of pelvic pain Huang, Rowen, Abercrombie, Subak,
Schembri, et al. [107].Once again, the women showed improved
scores on the Impact of Pelvic Pain Questionnaire. In a systematic
review on a surprisingly large number of yoga for pelvic pain
studies (N=1435), only 15 met criteria Kinser, Pauli, Jallo,
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Shall, Karst, Hoekstra et al. [108].Overall, these studies showed
decreased pain and pain-related symptoms including decreased
depression and stress following yoga.

Multiple sclerosis

Multiple sclerosis (MS) is an autoimmune disease that involves
the brain and spinal cord and multiple symptoms including
pain, fatigue, depression and cognitive impairment Hasanpour
Dehkordi [109]. In a randomized controlled trial, 90 patients with
multiple sclerosis were assigned to a yoga, aerobics exercise or
control group Hasanpour Dekhordi [110]. The groups met for 40
minutes for three sessions per week for three months. At the end
of the treatment period, pain and fatigue were relieved in those
patients who were in the yoga and exercise groups. When the yoga
group was compared to the non-exercise group in a subsequent
paper, the yoga group experienced a greater decrease in pain and
fatigue Hasanpour Dehkordi, Jivad & Solati [109]. In a study by
another research group, a six-month yoga training was given once
a week for one hour Kahraman, Ozdogar, Yigit, Hosgel, Mehdiyev,
et al. [111]. In this study, participants with MS were compared to
healthy participants, but the completion rates were only 44% for
those with MS and 18% for those healthy participants and only
those with MS appeared to experience a decrease in pain, fatigue
and depression.

Cancer

Several forms of cancer have benefited from yoga including
breast cancer, neck cancer and lymphoma. Breast cancer is the
cancer that is most frequently diagnosed in women. And, although
survival rates are continually increasing, breast cancer is often
associated with chronic pain, fatigue and depression Cramer,
Lauche, Klose, Lange, Langhorst & Dobos [112]. In a randomized,
controlled, single–blind trial, one group received a 10-week
yoga program and the other group received a 10-week follow-up
program Eyigor, Uslu, Apaydin, Caramat & Yesil [113]. Shoulder
and arm pain intensity decreased significantly, and the benefit
was surprisingly maintained at 2.5 months posttreatment. In a
systematic review and meta-analysis on yoga for breast cancer
studies, 24 studies with a total of 2166 participants were included
Cramer et al. [112]. Seventeen studies comparing yoga versus no
therapy provided moderate evidence for reduced pain, fatigue and
sleep disturbances. In contrast, three studies that compared yoga
versus exercise showed low-quality evidence for yoga effects. In
a meta-analysis by another group, 17 studies met criteria that
included 2183 patients with breast cancer Dong, Xie, Jing, Lin
& Tian [114]. Moderate evidence from this analysis suggested
reduced fatigue.

Neck cancer has also benefited from yoga

In a randomized controlled study, participants were assigned
to an eight-week Hatha yoga program and were compared to a
waitlist – control group Adair, Murphy, Yarlagadda, Deng, Dietrich
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& Ridner [115]. By the end of the two-month period, those who
received yoga had significantly reduced pain and anxiety and
increased shoulder range of motion. In a home–based yoga
program for patients suffering from malignant lymphoma during
chemotherapy, the positive yoga effects were decreased sleep
problems, fatigue, depression and anxiety.
In a review of 29 randomized controlled trials on yoga for
several kinds of cancer, fatigue was the most commonly measured
outcome and was typically reduced following yoga Danhauer,
Addington, Cohen, Sohl, Van Puymbroeck, Albinati et al. [116].
In addition, several randomized controlled trials showed that
yoga improved biomarkers of stress including inflammation
and immune function. The authors, nonetheless, suggested
several directions for future research including standardizing
the assessments, increasing the use of active control groups and
objective measures and exploring effects of different types of yoga,
the different components (movement, breathing and meditation),
the dose and duration of the course of treatment.

HIV

HIV is another immune condition that has benefited from
yoga. In a study on 60 HIV-positive individuals from rehabilitation
centers, yoga participants experienced two months of yoga for one
hour per day for five days a week Kuloor, Kumari & Metri [117].
The yoga, once again, consisted of physical postures, breathing
practices, and meditation. As compared to a waitlist control group,
the yoga group experienced a greater reduction in fatigue, anxiety
and depression and a greater improvement in well-being and
quality of life. Unfortunately, as in most of the research on cancer,
immune function was not measured. This is surprising given that
several stress hormones and immune factors can currently be
assayed in saliva samples such that the process is not invasive.

Aging Conditions

In this section, recent research is reviewed on yoga effects on
conditions associated most frequently with aging. These include
menopause, COPD, cardiovascular disease, stroke, Parkinson’s and
dementia. see (Table 7) for list on yoga effects on aging conditions.
Table 7: Adult yoga effects on aging conditions and first authors.
Effects

First authors

< vasomotor symptoms during menopause

Cramer 2018

> forced expiratory volume at one second
in COPD

Li, Cramer 2019

> physical memory recovery after stroke

Silveira

< inflammation in cardiovascular disease

Guddeti

> Postural stability & gait in Parkinson’s

Adams, Van Puymbroek

> attention & verbal memory

Brenes

< falling

> Posture control, flexibility in dementia
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Green

Menopause
A recent systematic review and meta-analysis identified
13 randomized controlled trials with 1306 participants who
experienced menopause Cramer, Peng & Lauche [118]. Yoga, as
compared with no treatment control groups, reduced menopausal
symptoms including psychological, somatic, vasomotor and
urogenital symptoms. However, as compared with exercise
controls, the yoga group only experienced fewer vasomotor
symptoms. The authors also noted that the effects were robust
against selection bias but not against detection and attrition bias.
But, importantly, no serious adverse events were reported.

Chronic obstructive pulmonary disease (COPD)

COPD is another condition that has apparently been the
focus of many studies given that at least two systematic reviews
and meta-analyses appeared in the recent literature. In the first
of these, ten studies met inclusion criteria and showed greater
improvements on several scales as well as the classical clinical
pulmonary measure, namely FEV1 (forced expiratory volume
at one second) Li, Liu, Ji, Xie & Hou [119]. Another systematic
review and meta-analysis supported these results based on
11 randomized controlled trials with a total of 586 patients
Cramer, Haller, Klose, Ward, Chung & Lauche [120]. In this case,
improvements were noted in both exercise capacity as assessed
by the six–minute walk test and pulmonary function, again as
measured by FEV1. These were the only effects that were robust
against methodological bias.

Cardiovascular disease

Cardiovascular disease continues to be the leading cause
of morbidity and mortality around the world Guddeti, Dang,
Williams & Alla [121]. In a literature search on several databases
including PubMed, Google scholar, Embase and Cochrane
databases, yoga was noted to have favorable effects on stress, the
cardiac autonomic nervous system, cardiovascular risk factors
and systemic inflammation.

Stroke

In a systematic review of recent studies on yoga for acquired
brain injury, yoga was specifically effective for stroke in terms
of physical memory recovery even when yoga was compared
to exercise control groups Silviera & Smart [122]. The authors
suggested that future research would benefit from having a
common yoga protocol for stroke including frequency, length
and duration of yoga as well as including psychophysiological
measures and cultural factors as variables in the research.

Parkinson’s

Parkinson’s affects nearly 10 million people worldwide,
leading to decreased mobility and balance that result in frequent
falls that, in turn, lead to a loss of independence Adams, Van
Puymbroeck, Walter, Hawkins, Schmid & Sharpe [123]. In a
randomized, wait–list-controlled study, yoga was given twice per
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week for two months Van Puymbroeck, Walter, Hawkins, Sharp,
Woschkolup, et al. [124]. The yoga group experienced improved
motor function, postural stability and gait as well as fewer falls. In
a secondary analysis by the same group, body responsiveness was
predictive of a decrease in Parkinson’s–specific symptoms and
gait velocity was predictive of an increase in balance and activity
Adams et al. [123].

Dementia

Dementia has been the focus of two reviews in the recent
literature on yoga. In a scoping review, eight studies suggested
beneficial effects of yoga on cognitive function, particularly on
attention and verbal memory Brenes, Sohl, Well, Befus, Campos
[125].The positive effects on cognitive function may have been
mediated by improved sleep and mood as well as increased
neural connectivity. In a systematic review, the benefits of yoga
included improved posture control, flexibility and relaxation, less
falling and decreased anxiety and stress Green, Huynh, Broussard,
Zunker, Matthews, et al. [94]. Several limitations of this literature
include the lack of intervention details, variability of the frequency
and duration of yoga as well as the components of the yoga
interventions (postures, breathing and meditation). This research
is also confounded by the variety of cognitive impairments
including the different types of dementia and Alzheimer’s disease.

Special Samples

In this section, research is reviewed on the use of yoga with
special samples including veterans and prison inmates. Although
most mental health and physical health conditions have associated
comorbidities, adults of these special samples typically experience
both mental health and physical health conditions and they are
treated as a separate section in this review for that reason. see
(Table 8) for list on yoga effects on special samples.
Table 8: Yoga effects on special samples including veterans and prison
inmates.

Effects

First authors
Veterans

< low back pain

Groessi, Highland

< pain, depression, anxiety

Schulz-Meik

< antisocial behavior

Kerekes

< depression & anxiety

Bartels

< PTSD symptoms

Prison inmates

< somatization symptoms

Veterans

Cushing

Sfendia

Research on veterans has focused on low back pain,
posttraumatic stress disorder, depression and anxiety. Low
back pain has been notably reduced in at least a couple studies
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on veterans. In one study, veterans were randomly assigned
to yoga or waitlist control groups to engage in yoga classes
(including home practice) twice weekly for 12 weeks Groessl, Liu,
Chang, Wetherell, Bormann, et al. [126]. The yoga sessions were
comprised of postures and breathing techniques. Surprisingly,
low back pain was not only reduced by the end of the treatment
period but also three months later, suggesting that the yoga group
may have continued their home practice. In another study on
low back pain in veterans, pain was again reduced in the yoga as
compared with the control group, although no improvement was
noted on physical functioning Highland, Schoomaker, Rojas, Suen,
Ahmed, Zhang et al. [127].
Posttraumatic stress disorder was surprisingly the focus
of only one study in the recent literature on yoga given the high
incidence of posttraumatic stress disorder especially in veterans
(9% shortly after returning from deployment to 31% a year after
deployment) Cushing, Braun, Alden C-layt & Katz [128]. In this
study, veterans participated in 60-minute weekly yoga sessions
for six weeks using Vinyasa – style yoga. PTSD symptoms were
decreased as evidenced by lower scores on the PTSD checklist
– military version including hyperarousal, re–experiencing and
avoidance. The veterans also reported decreased insomnia,
depression and anxiety symptoms. Yoga has also been delivered
to veterans via telehealth Schultz-Heik, Meyer, Mahoney, Stanton,
Cho, Moore-Downing et al. [129]. Pain, depression and anxiety
were reduced following this cost-effective form of yoga.

Prison inmates

Prison inmates have been noted to benefit from yoga including
a reduction in risks associated with antisocial behavior, stress,
depression and sleep problems. In one of three studies in the recent
literature, a 10-week yoga group (one class a week) as compared
to a control group (free of choice weekly physical activity) showed
less antisocial behavior Kerekes, Brandstrom & Nilsson [130].
In a separate report by the same research group, the weekly
90-minute yoga classes resulted in significantly less psychological
stress and they had a positive effect on the obsessive–compulsive,
paranoid ideation and somatization symptom factors on the Brief
Symptom Inventory Sfendia, Malmstrom, Torstensson & Kerekes
[131]. In a study by a different research group, the weekly yoga
program resulted in lower levels of depression, anxiety, and
negative affect Bartels, Oxman & Hopkins [132]. The inmates also
reported improved flexibility, sleep and relaxation, pain reduction
and improved mental well–being.

Biomarkers

This section includes summaries of research on physiological
and biochemical biomarkers affected by yoga. Most of the recent
yoga literature on physiological biomarkers has focused on heart
rate variability and brain connectivity. Most of the research
on biochemical biomarkers has been focused on cortisol and
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pro-inflammatory cytokines, especially IL-6. The research on
biomarkers suggests potential underlying mechanisms for the
yoga effects on different conditions.

Physiological biomarkers

The physiological biomarkers that have been affected by
yoga according to the recent literature include skin conductance,
respiration, blood pressure, vagal activity (heart rate variability),
brain connectivity and gray matter volume. The recent inclusion
of these measures in studies on yoga has not only provided
confirmatory data for the self-reports on positive effects of
yoga but has also helped further an understanding of potential
underlying mechanisms for the effects of yoga. see (Table 9) for
list on physiological biomarkers of yoga.
Table 9: Physiological biomarkers of yoga and first authors.
Effects

First authors

< respiration

Cotton, Yamamoto-Morimoto

<systolic and diastolic blood
pressure

Wu

< systolic blood pressure

Cramer 2018

> heartrate variability (vagal
activity)

Hayase,Vidyashree,Pradnya,Telles,
Christa, RivesGadbois,Zou

> gray matter hippocampus

Gothe

> functional connectivity in brain
> volume right amygdala & left
hippocampus

Respiration

Santaella
Gotink

In a study where yogis were compared to controls on their
responses to warm and painfully hot stimuli, yogis breathed more
slowly and deeply than controls Cotton, Low, Villemure & Bushnell
[133]. In another study, a yoga poses group was compared to a
yoga poses plus breathing exercises group Yamamoto-Morimoto,
Horibe, Takao & Anami [134]. Respiratory function was measured
by an auto spirometer. As might be expected, the addition of the
breathing exercises resulted in improved respiratory function.
In a study on cardio-respiratory function, adolescents were
randomized to receive one hour of daily yoga training or physical
exercise over a period of two months Satish, Rao, Manjunath,
Amritanshu, Vivek, Shreeganesh et al. [35]. In this study, VO2
(the maximum amount of oxygen utilized during exercise) was
assessed as a measure of aerobic endurance or cardiovascular
fitness. There was a greater improvement in VO2 in the yoga group
possibly because the exercise group experienced the exercise as
too strenuous.

Blood pressure

Yoga has been used to lower blood pressure in hypertensive
individuals in a couple studies in the recent literature. In one of
these, a yoga poses group was compared to a breathing exercises
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group Cramer, Sellin, Schumann & Dobos [135]. Surprisingly,
only the breathing exercises group showed decreased systolic
blood pressure. A systematic review and meta-analysis that
yielded 49 qualified controlled trials on 3517 participants with
high blood pressure, highlights the frequent use of yoga as an
anti-hypertensive therapy Wu, Johnson, Acabchuk, Chen, Lewis,
et al. [136]. In these studies, yoga was practiced on average five
sessions per week for 60 minutes per session for 13 weeks. On
average, yoga elicited moderate reductions in both systolic and
diastolic blood pressure. When yoga sessions occurred three
times per week, those sessions that included breathing techniques
and meditation elicited greater reductions as compared with
those that did not. These data, once again, highlight the additional
benefits of breathing techniques and meditation during yoga
sessions.

Heart rate variability (vagal activity)

Heartrate variability has been measured in several yoga
studies on a variety of conditions including pregnancy, autism,
muscular dystrophy, low back pain and myocardial infarction.
Invariably heart rate variability has increased. In a study on
pregnant women, for example, heart rate variability during the
night and during the late-night was higher in the yoga group
Hayase, & Shimada [137]. Nighttime sleep duration was also
longer and salivary alpha–amylase levels (a stress hormone) also
decreased. These results are likely inter-related.

In a randomized controlled trial on 62 patients with chronic
low back pain, one group received yoga for three months while
the other group received care as usual Telles, Bhardwaj AK, Gupta,
Sharma, Monro & Balkrishna [138]. The yoga group showed a
significant decrease in the low-frequency power of heart rate
variability and a significant increase in the high-frequency power
of heart rate variability suggesting a shift in the autonomic
balance toward greater vagal activity. In a randomized controlled
trial on patients with post myocardial infarction, a 12-week yogabased program was given as an adjunct to standard care while the
control group received standard care plus educational sessions
Christa, Srivastava, Chandran, Jaryal, Yadav, Roy et al. [139]. At
the end of the 12-week period, the yoga group had higher highfrequency power values suggesting an increase in heart rate
variability (vagal activity).
Both narrative and systematic reviews on yoga effects on
heart rate variability highlight the frequent use of this measure. In
a narrative review, for example, 32 out of 61 articles met inclusion
criteria Rivest-Gadbois, & Boudrias [140]. These not only
showed increased heart rate variability but also increased pain
tolerance. In a systematic review and meta-analysis, 17 medium
to high quality randomized controlled trials showed significantly
beneficial effects on heart rate variability parameters including
increased high-frequency power and decreased low frequency to
high-frequency ratio Zou, Sasaki, Wei, Huang, Yeung, Neto et al.
[141].
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Brain connectivity and gray matter volume

Cholesterol

The use of resting–state functional magnetic resonance
imaging has enabled research on functional connectivity following
yoga practice. In a study on elderly yoga practitioners as compared
to yoga–naïve controls, the yoga practitioners practiced Hatha
yoga twice a week for at least eight years Santaella, Balardin,
Afonso, Giorjiani, Sato & Lacerda [142]. The yoga group showed
greater functional connectivity of the medial prefrontal cortex
and the posterior cingulate cortex which would contribute to a
healthier cognitive aging process.

In a study that assessed yoga effects on the lipid profile, yoga
was conducted three times a week for 26 weeks Azami, HafeziAhmadi, YektaKooshali & Qavam [145]. By the end of the study,
both total cholesterol and low-density lipoprotein cholesterol
were decreased. Surprisingly, no change was noted in high density
lipoprotein as high- and low-density lipoprotein levels typically
shift together.

In a study on gray matter volume in the hippocampus, thalamus
and caudate nucleus, participants who were experienced yoga
practitioners defined as having more than three years of regular
yoga practice were compared to age and sex–matched controls
without yoga experience Gothe, Hayes, Temali & Damoiseaux
[143]. The yoga practitioners had greater gray matter volume
in the left hippocampus which is consistent with improved
working memory following yoga practice. On the other hand, in
another study on magnetic resonance scans in yoga practitioners,
those who practiced yoga and meditation reported significantly
more stress and more depressive symptoms that, in turn, were
associated with significantly lower right amygdala volume and
lower left hippocampal volume Gotink, Vernooij, Ikram, Niessen,
Krestin, Hofman et al. [144]. These different right-left findings
are difficult to interpret as are the inconsistent findings on brain
volume.

Biochemical Biomarkers

Table 10: Biochemical biomarkers of yoga and first authors.
Effects

First authors

< total cholesterol & low-density lipoprotein

Azami

< whole blood viscosity

Shadiow

< cortisol & immunoglobulin A

Eda

< pro-inflammatory marker (<IL-6)

Nugent, Yadov

< cortisol

> testosterone

<IL-6, C-reactive protein & tumor necrosis
factor

Ma

Djalilova

The biochemical markers that have been assessed in the recent
literature on yoga include cholesterol, whole blood viscosity,
cortisol, testosterone and pro-inflammatory cytokines including
IL-6, CRP and TNF. These markers have generally suggested
lower stress and inflammation in yoga practitioners. They would
likely interact with the physiological markers just discussed as,
for example, the decrease in cortisol that accompanies increased
vagal activity [1] see (Table 10) for biochemical biomarkers of
yoga.
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Whole blood viscosity

Elevated whole blood viscosity has been linked to increased
risk for cardiovascular disease Shadiow, Tarumi, Dhindsa &
Hunter [146]. In this study, yoga practitioners who had a minimum
of three years consistent practice had significantly lower whole
blood viscosity than sedentary, healthy adults.

Cortisol

Cortisol, which as a stress hormone has negative effects on
immune function, has significantly decreased following yoga
in at least two recent studies. In one of these, female patients
with skeletal muscle pain syndrome were assigned to a yoga
exercise group or a non-exercise control group (Ha 2015). After
a 12–week study, the yoga group exhibited a greater decrease in
cortisol levels. Cortisol has decreased even following one session
of yoga Eda, Ito, Shimizu, Suzuki, Lee & Akama [147]. In this
study, cortisol decreased after 90 minutes of yoga stretching as
did immunoglobulin A, and testosterone increased. Testosterone
increases have often been associated with decreased cortisol and
decreased cortisol is associated with enhanced immune function
[1].

Pro–inflammatory markers

Decreased pro-inflammatory markers may also relate to
decreased cortisol following yoga. Three different research
groups have recently reported the reduction of pro–inflammatory
markers following yoga, most frequently the cytokine IL-6. In a
randomized controlled trial, a Hatha yoga group was compared
to a health education control group Nugent, Brick, Armey, Tyrka,
Ridout & Uebelacker [148]. After a 10-week treatment period,
plasma samples revealed a significant reduction in IL–6 in the
yoga group. It’s not clear why noninvasive saliva samples weren’t
assayed instead of blood samples in that study.
In another randomized controlled trial, a group of adults with
metabolic syndrome were assigned to a 12-week yoga lifestyle
intervention or a dietary intervention Yadav, Yadav, Khadgawat &
Pandey [149]. The yoga group not only showed a decrease in the
pro-inflammatory marker IL – 6 but also in a number of oxidative
stress measures. A systematic review of the literature on yoga
effects on inflammatory biomarkers yielded 16 studies that met
criteria Djalilova, Schultz, Berger, Case, Kupzyk & Ross [150]. The
most common biomarkers measured were IL-6, C-reactive protein
and tumor necrosis factor which were reduced following yoga.
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The authors mentioned the typical methodological problems of
these studies including considerable variability in yoga types,
components, frequency, session length, intervention duration and
intensity.

Methodological Limitations and Future Directions

Most of the methodological limitations that were found in the
earlier literature and discussed in the [1] review have continued
to be limitations of the more recent research. In addition, the
focus on clinical samples has introduced additional variability
problems for the recent research. Several methodological
problems relate to the research designs. First, the samples vary on
the yoga experience of their participants, with some being virtual
beginners and others being experienced yogis. Groups would
need to be homogenous or carefully balanced on self-selection
factors such as these. Experienced yogis would certainly be in
better condition at baseline and more likely to practice yoga at
home or at other classes between intervention sessions.
Secondly, many studies are not randomized, controlled trials.
Some are single-arm, pre-post studies that lack a control group,
some are mixed design (experimental versus control or waitlist
control), and some are comparisons between active yoga versus
inactive control groups such as educational groups. Often the
comparisons between yoga and inactive control groups have
favored the yoga groups, but when yoga is compared to an active
group such as another form of exercise, the yoga and exercise often
have equivalent effects. For example, in a study comparing yoga
with tai chi and stretching, the groups were similar on exertion
and pleasure Follador, Alves, Ferriera, Silva & Silva [151].
But, in a systematic review and meta-analysis of randomized
controlled trials, the yoga effects were superior to those of both
the inactive controls (for example, wait list control, education
booklets) and the active controls (for example, walking, chair
aerobics) Sivaramakrishnan, Fitzsimons, Kelly, Ludwig, Mutrie, et
al. [152]. This was true for physical variables including balance,
lower body flexibility and lower limb strength as well as quality
of life variables including depression, perceived mental health,
perceived physical health, sleep quality and vitality. The more
positive effects for yoga in this case may relate to the active
control exercises being too rigorous or causing too much exertion.
Random assignment is essential to avoid self-selection effects
that would result in group differences at baseline, for example,
in physical condition, that, in turn, would bias the outcomes.
Systematic reviews and meta-analyses are now standard ways
of grouping data but they usually require randomized controlled
trials (RCTs) as one of their criteria. The meta-analyses cannot be
performed if there are a limited number of RCTs that both meet
criteria and are bias free. In addition, many of the RCTs have had
such variable protocols that they could not be grouped for meta–
analyses.

The variability in assessment protocols has also limited the
grouping of RCTs for systematic reviews and meta-analyses. Self0065

reported stress, mood, pain and quality of life have been the most
frequent measures but the self-report scales on these measures
have varied across studies. Different self-report measures have
been used for different conditions and in different cultures. In
addition to lacking standardization of the less objective selfreport measures across studies, the gold standard measures for
a condition have rarely been included, e.g. CD4 levels for HIV and
natural killer cells for breast cancer.

Despite the absence of these convergent physical and
physiological measures in many studies, these measures have
been increasingly used in the recent literature as compared to
that reviewed in 2016 [1]. For example, body mass index, blood
pressure, heart rate variability, cortisol and pro-inflammatory
cytokines (that are now relatively easy to assay from saliva
samples) have been increasingly measured. Although those may
be more objective measures, they would desirably be assessed
together with the self-report measures that are frequently used
and yoga logs (diaries) that are less frequently used Uebelacker,
Feltus, Jones, Tremont & Miller [153]. in order to have convergent
data. Although most studies have used baseline and end-oftreatment assessments to determine yoga effects, some have
conducted follow-up assessments to determine how sustainable
the effects are. An example is a study that offered 60-minute
yoga classes once a week for eight weeks that included all three
components of yoga Lundt & Jentschke [154]. A follow-up was
conducted at six months after the end of yoga therapy. At that
time, anxiety, depression and fatigue were significantly reduced
compared to baseline, but they had increased during the followup period which is not surprising since the yoga sessions had
been discontinued.
Another problem is that many different types of yoga, e.g.
Ashtanga, Vinyasa, Iyengar and Restorative yoga, have been used
for different conditions, making cross-study comparisons difficult.
Some forms of yoga are considered more intense such as Iyengar
yoga with its poses being held for longer durations and Ashtanga
yoga with its continuous movements. The different yoga types
need to be compared in future studies given that a specific form
of yoga may be more effective for a specific condition. Some have
attempted to quantify the different types on various dimensions
such as breathwork and physical pose using a new scale they have
developed called the Essential Properties of Yoga Questionnaire.
This could be a very useful measure in comparing the different
types of yoga for different conditions. The delivery of yoga sessions
is also highly variable including individual versus group sessions
and the dosage including the length of classes (20-90 minutes),
the frequency of classes (daily, weekly) and the duration of the
intervention (weeks, months).
Another confounding variable is that yoga is often an
integrated practice of poses, breathing exercises and meditation.
Although the poses predominate most yoga sessions, making
yoga a type of physical exercise, the unique effects of the poses,
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breathing and meditation are unknown. Although yoga is thought
to be a moderate intensity exercise, it may be less intense when
it is combined with meditation resulting in lesser effects than
those experienced by an active exercise group. However, both
poses, and meditation have been noted to have parasympathetic
effects [1]. Thus, combining them might have additive, positive
effects. The poses, breathing and meditation may have synergistic
effects that are critical to the yoga practice. For example, in a
study on respiratory function, a group that did both poses and
breathing exercises understandably had better respiration than
a group that simply practiced poses. But the subcomponents of
yoga classes have rarely been assessed for their individual effects.
An exception was a study that assessed the most frequently
researched components of yoga including physical postures,
breathing methods and meditation Franklin & Bentley [155]. In
this comparison of the subcomponents, the poses were negatively
correlated with psychological distress, anxiety and depression
but by contrast, the correlations between the other yoga
subcomponents and the symptoms scales were nonsignificant
after accounting for exposure to life stressors. Additional studies
are needed to determine which aspects or if all aspects are leading
to the positive physical, physiological, cognitive and emotional
effects being reported. But for studies to at least be replicable,
more detailed descriptions of these components are needed in
terms of the physical poses, breathing and meditation and the
duration of each component. Oxygen consumption measures on
each component might also indicate the exercise intensity of each
component.
Similarly, comparisons are needed of the various poses. For
example, in a study that used electromyography (EMG) to record
muscle activity in the upper, middle and lower trapezius during
15 different yoga postures, the “locust arms forward” posture
elicited the highest activity from the upper, middle and lower
trapezius muscles. In contrast, the dancer’s pose, reverse tabletop
and warrior two postures demonstrated low activity of the
scapular stabilizers. These are important data given that strength
training of the scapular stabilizer muscles is the goal for shoulder
rehabilitation. In another EMG study, activity was notably greater
in the anterior tibialis and the gastrocnemius muscles for the tree
pose, half-moon and warrior three highlighting the increased use
of ankle musculature during the single limb yoga poses Kelley &
Romano [156].

The mode of delivery of yoga has rarely been assessed including
comparisons between yoga class and individual yoga sessions and
between groups that received yoga classes but also are encouraged
to practice yoga at home. To encourage accessibility to yoga, some
have suggested providing real–time interactive video called Tele–
yoga Mathersul & Bayley [89]. In a randomized controlled trial
on tele-yoga for hypertension, for example, two groups received
yoga during three weeks of inpatient rehabilitation and then one
group received tele–yoga for six weeks after discharge Sarah
& Claudia [157]. The tele–yoga group had significantly lower
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blood pressure at the follow-up assessment. As another example,
women undergoing radiation or chemotherapy for breast cancer
were given twelve 75-minute biweekly Internet–based multipoint
video-conferenced yoga classes, and the women experienced less
psychological distress Addington & Danhauer [158-165].

Suggestions for future research include more frequent use of
randomized controlled trials that compare yoga to other forms of
exercise. Given that the benefits of yoga have been documented,
it may be unethical to assign participants to inactive control
groups. More studies are needed on physical, physiological and
biochemical effects to complement the self-report data and
additional potential underlying mechanism studies are needed.
Research is also needed on duration of sessions. Yoga might
be practiced more often if sessions were shorter and could
be practiced at home. Nonetheless, the studies reviewed here
highlight the therapeutic effects of yoga, a practice that is for that
reason increasingly being called yoga therapy.
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