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Abstract

Purpose of Review Schizophrenia is a debilitating psychiatric
illness requiring multimodal treatments. Besides pharmaco-
therapy, several adjunct treatments have been recommended,
including yoga. We review recent findings speaking to yoga’s
efficacy and towards gaining a better understanding of why
yoga may affect positive change, evidence on putative neuro-
biological mechanisms.

Recent Findings Recent research with schizophrenia patients
suggests that yoga may lead to improvements in symptoms,
cognition, and functioning. These changes may occur through
a variety of mechanisms including yoga-induced changes in
neural plasticity, the neural mechanisms supporting internal
mentation, oxytocin release, BDNF, and other factors. We
review reports of possible mechanisms through which yoga
is believed to impact response in schizophrenia.
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Summary Our current review cannot provide a conclusive
statement on the use of yoga as a standard treatment for
schizophrenia; however, the available evidence suggests that
yoga may positively impact aspects of the illness in patients
with schizophrenia. Further research with adequately powered
randomized controlled trials is essential.
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Introduction

Schizophrenia is a chronic, debilitating psychiatric disorder,
characterized by distortions in reality, thinking, cognition,
and affect. Antipsychotic medications have remained the
mainstay of treatment since the 1950s [1]. Though effective
at targeting positive symptoms (i.e. hallucinations, delusions),
these agents are far from a panacea. Aside from pernicious
side effects, their efficacy at targeting other aspects of the
illness, including negative symptoms (e.g. diminished emo-
tional experience and expression), cognitive deficits, and so-
cial impairment, is limited [2—4]. Furthermore, owed in part to
intolerability and limited efficacy for all symptoms associated
with the disorder, discontinuation rates for patients on antipsy-
chotic drugs are quite high [5].

Of course, for a disorder whose sequela is so all-
encompassing and complex, it would be naive to believe that
single treatment—pharmaceutical, psychosocial, or other-
wise—will relieve all sources of suffering for those with the
illness. This makes it incumbent upon clinicians and re-
searchers to explore the efficacy of multimodal treatment ap-
proaches that help to target the totality of disorder. Adjunctive
treatments that comprise a multimodal approach should be
more than just efficacious; they should be tolerable, durable,
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and feasible to implement in the community. Do such treat-
ments exist for people with schizophrenia? In addition to cog-
nitive training and aerobic exercise, recent work has suggested
that yoga may also fit the bill [6, 7¢]. Preliminary evidence
suggests that yoga may ameliorate symptoms, cognitive defi-
cits, and impaired functioning for people with schizophrenia,
and may do so by inducing enduring neurobiological change.
Here, we review these findings speaking to the efficacy of
yoga as an adjunctive treatment for schizophrenia, possible
mechanisms of action, and outline future directions for the
field.

The Practice of Yoga and Its Health Benefits

Yoga is a spiritual, meditative, and physical practice involving
mental and physical components designed to help practitioners
achieve the unification and optimal functioning of mind and
body [8—10]. Yoga practice typically involves a series of phys-
ical postures (asanas), breathing techniques (pranayama), and
meditative/mindfulness practices (dyana) [9]. There exists
many different forms of yoga, each of which prioritize different
components [11]. For example, Hatha yoga, which empha-
sizes physical postures, breath, and meditation, is commonly
practiced in Western cultures and includes popular subtypes
such as Bikram, Iyengar, and Ashtanga [12, 13].

Yoga is widely practiced, representing one of the most
widely used complementary health approaches in the USA,
and the most widely used mind and body practice [14].
Approximately 31 million adults in the USA have ever prac-
ticed yoga, with 21 million practicing in a 12-month period
[14]. Furthermore, its practice is on the rise with estimates of
12-month prevalence from the 2012 NHIS survey at 9.5%
compared to 6.1% in 2007 and 5.1% in 2002 [15].

The majority of practitioners (78.4%) report practicing yo-
ga for well-being and disease prevention [14], and for good
reason. Research has demonstrated positive effects of yoga on
a wide variety of medical conditions including pain [16, 17],
cardiovascular disease, hypertension, and associated risk fac-
tors [18, 19], and metabolic conditions [19-21], among many
other medical issues [17]. Yoga’s benefits appear to extend
beyond the realm of physical health to mental health as well.
Research has shown positive effects of yoga on stress, anxiety,
depression, and associated physiological measures [22].
Preliminary evidence also suggests that yoga may be benefi-
cial to people with a variety of psychiatric disorders, including
mood disorders [23], anxiety disorders [24], OCD [25], PTSD
[26], ADHD [27], and eating disorders [28]. Though the pre-
cise mechanisms mediating positive changes as a result of
yoga practice are unknown, research suggests that yoga pos-
itively impacts the neurobiological mechanisms related to
stress and mood reactivity [22], possibly through its effect
on cortisol release [29], and may confer neuroprotective ef-
fects [30-32].

@ Springer

The Effect of Yoga on Schizophrenia

Does practicing yoga lead to similar benefits in people with
schizophrenia? Several studies have examined this question,
using an array of yoga protocols, comparison groups (e.g.
waitlist controls, treatment-as-usual, aerobic exercise), and
outcome measures (e.g. assessments of positive symptoms,
negative symptoms, general psychopathology, cognition,
social/occupational functioning, and quality of life). These
studies are summarized in Table 1.

On symptoms, many studies have found evidence that
compared to active (e.g. exercise) and non-active control con-
ditions, yoga confers improvements to positive symptoms,
negative symptoms, and general psychopathology (e.g. anxi-
ety, depression), which are estimated to be small- to medium-
sized effects [46+¢]. Compared to positive symptoms, it ap-
pears that though yoga may more consistently impact negative
symptoms and to a larger magnitude [46¢¢], the durability of
these changes is unclear as few studies include follow-ups and
those that do demonstrate mixed evidence.

Relative to symptoms, fewer studies have examined yoga’s
effect on cognition. Three studies that have examined yoga’s
effect on non-social cognition demonstrated improvements in
attention (although one only found improvement at 6-month
follow-up, [33¢]). Separately, these studies also found support
for improvement to abstraction and different aspects of mem-
ory including spatial memory, verbal memory, and working
memory [34, 40]. One study that examined the durability of
these findings found improvements in abstraction/mental flex-
ibility, attention, and spatial memory 3- to 6-months post-in-
tervention. A recent meta-analysis found support for yoga
improving verbal memory and improving attention/executive
functioning at a trend level, both of which were small effects
[46°¢]. A small number of studies have examined yoga’s effect
on social cognition [35, 39]. Two studies found improvement
in emotion recognition post-intervention, which in one study,
was not maintained at follow-up. Another study found im-
provements in face memory, which were present at 6-month
follow-up and emotion processing only at 6-month follow-up.
Yoga’s effects on social cognition are of particular interest
given the strong relation between social cognitive deficits in
schizophrenia and real-world social functioning [47]. It is in-
teresting that yoga would lead to any improvement in social
cognition at all. One possibility is that there exists some non-
specific positive social effect of yoga from performing the
practice in a group format with other participants and
interacting with an instructor. Another possibility is that com-
pared to other active group interventions, there exists some
specific component of yoga practice, for example, promoting
social connection (see section below), that confer the benefit
to social ability [48]. Future work can tease these possibilities
apart by making sure to include control interventions that also
have a social component.
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On quality of life and social-occupational functioning,
studies fairly consistently demonstrate that yoga confers ben-
efits to these areas, which are small- to medium-sized effects
[46°¢]. Few studies that measure quality of life or social-
occupational functioning included a follow-up, although one
that did found that improvements in quality of life persisted
[37] while another found no improvement in quality of life or
social-occupational functioning post-intervention or at follow-
up [38].

These findings should be considered in the context of sev-
eral important limitations affecting the quality of the evidence
presented [49, 50]. Most notably, sample sizes are extremely
small, ranging from 9 to 47 participants in the yoga group,'
most trials are single-blind (although it may be difficult to
double-blind an intervention of this nature), concurrent treat-
ment is not always controlled, and adherence to the yoga or
control protocol is unclear. There also exists substantial het-
erogeneity in the yoga protocol itself in terms of intervention
components (e.g. emphasis on certain postures, breathing
techniques, or meditation), duration, intensity of practice,
and inclusion and quality of yoga instruction. Despite the view
that yoga practice should be adapted to the specific needs and
goals of the practitioner [45], standardizing and validating
specific yoga protocols will go a long way in establishing
the efficacy of yoga as an intervention [51]. These limitations
notwithstanding the available evidence suggest that yoga may
be beneficial in the short-term to people with schizophrenia,
contributing to improvements in symptoms, cognition, func-
tioning, and quality of life. There is some evidence to suggest
that some of these improvements are durable, but additional
work is needed before drawing a strong conclusion.

Putative Neurobiological Mechanisms

The exact mechanisms of how yoga affects change in schizo-
phrenia are unknown. However, there exist at least several
studies that have included measures of neurobiology that
may better speak to yoga’s mechanism of action in schizo-
phrenia. Researchers have also proposed many different
routes through which yoga may affect the changes described
above.

Schizophrenia has been conceptualized as an illness of neu-
ronal disconnectedness. Yoga is said to have effects on several
regions of the brain including prefrontal cortex, inferior pari-
etal lobule, insula, and amygdala, regions that are implicated
in the disconnectivity [52¢]. Yoga may foster brain plasticity
and neurogenesis in schizophrenic subjects thereby improving
functional outcomes [41¢]. One possibility is that by manipu-
lating focused attention, yoga leads to changes in the neural

! Assuming a small to medium effect size (d = .40; Dauwan et al. [46¢¢]) of
yoga’s effect on symptoms, functioning, or cognition, an n = 100 per group
would be needed to achieve power of .80 (o = .05, two-tailed).

@ Springer

mechanisms supporting internal mentation. In support of this
idea, one neuroimaging study of schizophrenia patients, eval-
uating spontaneous low-frequency fluctuations in BOLD sig-
nal demonstrated a post-yoga decrease in the precuneus, com-
pared to a waitlist control group [41¢]. The precuneus has been
implicated as a hub in the brain’s default network—a network
of brain regions that are preferentially engaged during stimu-
lus-independent, internal mentation, such as self-referential
processing or mind-wandering [53]. Other neuroimaging
studies have found decreased precuneus activity in experi-
enced meditators during meditation [54]. Taken with the pa-
tient data, yoga may alter mind-wandering tendencies and
promote present-focused as opposed self-focused attention.

Physical exercise is believed to enhance memory and neu-
ronal plasticity. In fact, aerobic exercise can lead to alteration
in hippocampal volume or cortical thickness thus impacting
overall cognition-working memory, processing speed, and vi-
sual learning [55]. A review article comparing exercise and
yoga highlighted several advantages of yoga including em-
phasis on breathing and mindfulness, thereby indicating that
yoga may be equal to or in some cases superior to exercise
[56]. Animal experiments have demonstrated hippocampal
neurogenesis with exercise. In a randomized controlled trial
in schizophrenic patients, MRI findings revealed that exercise
induced increase in hippocampal volume [57]. Antipsychotic
medications are said to mediate their effects via neuronal
transmission by altering gene expression and neuronal plas-
ticity [58]. Although the exact mechanism of yogasana is not
clear, it can be speculated that the exercise component in yoga
has the potential of improving symptoms and functioning in
schizophrenia by altering neuronal transmission.

Another possibility is that the imitative and social aspect of
yoga may influence neural mechanism supporting aspects of
social connectedness [48]. In line with this idea, one study
evaluated whether plasma oxytocin—a neuropeptide implicat-
ed in aspects of social connection, recognition, and behavior
[59]—changed as a result of yoga in patients with schizophre-
nia [39¢]. Patients completing 1-month of yoga demonstrated
increases in plasma oxytocin, while patients on a waitlist did
not. That said, given the non-social nature of the comparison
group, the effect of yoga on oxytocin may not have to do with
yoga per se but simply increased social engagement, which
could have been produced by other interventions with a social
component. As mentioned, future studies examining social
changes associated with yoga should be sure to include active
interventions that control for this aspect of yoga.

In one other line of work, researchers have asked whether
yoga affects neural mechanisms involved in synaptic plasticity,
which may account in part for some of the positive cognitive
changes observed in patients after yoga. One study evaluated
this idea by examining the effect of yoga on brain-derived
neurotrophic factor (BDNF) [38], a neutrotrophin that plays
an important role in neurodevelopment, neurogenesis, and
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synaptic plasticity [60]. Blood levels of BDNF are reduced in
people with schizophrenia [60], which is thought to contribute
to neurocognitive abnormalities associated with the disorder
[61]. In a meta-analysis of schizophrenia subjects, higher level
of BDNF expression was correlated to reasoning/problem
solving [62¢¢]. Furthermore, in post-mortem studies of schizo-
phrenic subjects, measuring cortisol and BDNF levels in the
brains revealed an inverse relationship; the lower the BDNF
level, the higher was the cortisol level in prefrontal cortex and
CSF samples [63]. BDNF levels have been shown to be mal-
leable in response to behavioral interventions in schizophrenia
[64¢], as well as in response to yoga in patients with depres-
sion [65¢]. However, in a study of yoga’s effect on BDNF in
patients, Ikai et al. [38] failed to find an effect of yoga on
BDNEF levels. The authors explain the null findings as a po-
tential consequence of antipsychotic usage and the age of their
sample, both of which affect BDNF levels.

It is known that stress and inflammation play a pivotal role
in psychosis [66¢]. Oxidative stress leads to inflammatory con-
ditions which cause an increase in glucocorticoid levels or al-
terations in immune markers. In a meta-analysis, alterations in
CSF levels of cytokines and tryptophan in schizophrenic pa-
tients were similar to the alterations in other psychiatric dis-
orders such as major depressive disorder and bipolar disorder
[67]. Reduction in inflammatory biomarkers such as cortisol,
INL6 (interleukin 6), and TNF(tumor necrosis factor)
was reported following yoga-based lifestyle intervention in
chronic diseases such as diabetes and hypertension [68].
Preliminary evidence points toward some role of anti-
inflammatory agents and antioxidants toward reducing posi-
tive and negative symptoms of schizophrenia in early
stages—oxidative stress and neuroinflammation may serve
as potential targets for developing newer drugs [52, 69, 70].
If chronic inflammation is believed to be the cause of schizo-
phrenia, yoga might help by reducing these inflammatory
biomarkers.

Evidence of HPA (hypothalamo-pitutary-adrenal)
axis abnormality suggests that alteration in this link causes
increase in glucocorticoids leading to elevated cortisol levels.
Neuroimaging findings in schizophrenia participants provide
evidence of elevated dopamine levels in response to increased
glucocorticoid secretion [71]. Conversely, a decrease in stress
was related to lower cortisol and subsequently lower dopa-
mine level in animal studies, a response similar to the action
of antipsychotic medications [72]. Exercise has an effect in
reducing stress as evidenced by decrease in cortisol and in-
crease in B endorphins [72]. Yogasana, which is a type of
physical exercise, can therefore be speculated to have a similar
effect on cortisol release. In schizophrenic subjects, this would
mean a decrease in dopamine level as well, thereby improving
positive symptoms. In a study of yoga’s effect on depression,
yoga was said to increase the parasympathetic tone, thereby
reducing the input of norepinephrine to hypothalamus,

resulting in decreased secretion of cortisol. This relaxing ef-
fect was evident in the antidepressant and anxiolytic effects of
yoga therapy [29]. That being said, a similar effect could be
expected to be seen in schizophrenia participants with mood
and anxiety symptoms.

Besides increasing inflammatory cytokines, allosteric
stress can also reduce GABA levels, which in turn promotes
depressed mood and increase in anxiety. Disruption in GABA
levels is said to cause neuronal dysfunction, thereby affecting
dopamine neurotransmission in psychosis [73¢]. A 12-week
trial of Iyengar yoga was linked with improved mood and
anxiety, which correlated with increased GABA levels as ev-
idenced by magnetic resonance spectroscopy [22]. Yet, anoth-
er study also found that compared to an hour-long reading
session and hour-long yoga session produced increases in
GABA levels [74]. It is known that negative symptoms and
cognitive deficits affect functional outcome in schizophrenia.
Decrease in stress is believed to alter neuronal hormones and
neural networks thereby improving neurocognition and social
cognition [75¢¢]. If GABA levels are believed to increase with
reduction in allosteric stress, it is plausible that such alteration
may improve affective symptoms and ultimately functional
outcome in schizophrenic subjects.

Conclusion

The available evidence suggests that yoga may positively im-
pact aspects of the illness and may work through a variety of
neurobiological mechanisms. Given initial evidence of effica-
cy, potential cost-effectiveness [76], and lack of adverse
events [44¢], the use of yoga as an adjunctive treatment is
promising and deserving of additional high quality research.
Researchers should also examine questions relating to dose
and intensity of practice needed to affect change, various com-
ponents of yoga practice, active ingredient of yoga‘s benefit,
and neurobiological mechanisms. Although there exists no
“standard treatment,” the use of standardized, detailed, and
freely available protocols would go a long way in helping
move the field forward. We call for additional work in the
form of preregistered, adequately powered, randomized con-
trolled trials that include active control groups, assays of po-
tential mechanisms, and follow-up assessments.
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