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Background: Schizophrenia (SZ) is a chronic illness that is treated
symptomatically. Cognitive dysfunction is a core feature of SZ that is
relatively intractable to pharmacotherapy. Yoga can improve cognitive
function among healthy individuals. A recent open trial indicated
significant benefits of yoga training (YT) in conjunction with
conventional pharmacotherapy among patients with SZ.
Aims: To describe the protocol for an ongoing randomised controlled
trial designed to test whether the reported beneficial effects of YT on
cognitive function among SZ patients can be replicated. Secondarily, the
effects of YT on daily functioning living skills are evaluated.
Methods: Consenting patients with SZ receive routine clinical treatment
and are randomised to adjunctive YT, adjunctive physical exercise (PE)
or treatment as usual (proposed N 5 234 total, N 5 78 in each group).
The trial involves YT or PE 5 days a week and lasts 3 weeks.
Participants are evaluated thrice over 6 months. Cognitive functions
measured by Trail Making Test, University of Pennsylvania
Neurocognitive Computerised Battery were primary outcome measures
while clinical severity and daily functioning measured by Independent
Living Skills Survey were secondary outcome measures.
Results: A total of 309 participants have been randomised as of
31 August 2013, which exceeded beyond 294 proposed after attrition.
Once participants begin YT or PE they generally complete the protocol.
No injuries have been reported.
Conclusions: Short term YT is feasible and acceptable to Indian SZ
patients. If beneficial effects of YT are detected, it will provide a novel
adjunctive cognitive remediation strategy for SZ patients.

Significant outcomes

> Our initial study suggested significant beneficial effects of adjunctive yoga on cognitive impairment
among individuals with schizophrenia (SZ).

> The cognitive impairment is difficult to treat at present using medications.
> The design of the present study improves on our preliminary study by including three arms,

randomisation of participants to each arm and evaluators who are blind to specific adjunctive treatment.
> This design will enable more conclusive results.

Limitations

> Although a double blind study would be desirable, only single blind studies of supplemental
treatments are feasible for behavioural treatments such as yoga.
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> Medication dosage could not be standardised because of the wide variation of severity of illness
encountered in our clinic population. For clinical and ethical reasons, it was desirable to leave
optimisation of doses to the treating psychiatrists in each case.

> Patients staying far away from the treatment facility could not be included in the study.
> Though Independent Living Skills Survey (ILSS) was adopted after translation and retranslation by

professionals, it was not validated.

Background

Cognitive impairment is associated with functional
impairment in SZ, a lifelong illness that can be
severe (1). The disorder leads to differing degrees of
deficits in several domains of cognition (2) most
prominently in memory, attention, working memory,
problem solving, processing speed and social cogni-
tion (3–5). Though medications have generally been
unsatisfactory, many cognitive training programmes
have shown promising improvement in cognitive
functions (6–8); benefits include improvement in
sustained attention and language processing (9),
executive function (10,11), affect recognition (11),
verbal memory (12,13), working memory (10,14),
processing speed (12) and social problem solving (15).
These innovative training programmes typically
involve intensive, repeated training using a variety
of guided exercises. Less attention has been paid to
other forms of remediation such as meditation or yoga.

Yoga includes a set of spiritual and physical
practices that have been evolving for the past 5000
years. Though the precise definitions and the
practice of yoga vary, they share a mind–body
approach with components of meditation, breathing,
activity and postures. Practitioners of this ancient
Indian system use breathing exercises, posture,
stretches and meditation to balance the body’s
‘energy centres’ (16). Yoga – which means ‘union’
in Sanskrit, is viewed by many practitioners as a
scientific system designed to purify the body and
the mind from toxins accumulated due to poor
lifestyle choices and negative thinking patterns (17).
The lay press has repeatedly stated that yoga improves
diverse domains of human activity, including mental,
emotional, physical, behavioural and spiritual functions
(18). Several controlled studies now support some of
these claims [e.g. review by Ross and Thomas (19)].
Its benefits in reducing stress may be related to down
regulation of the hypothalamo-pituitary axis and the
sympathetic nervous system (20,21). Yoga may be
as effective or better than physical exercise (PE)
alone in managing physiological variables such as
heart rate variability [blood glucose and blood lipid
levels, (22–25) salivary cortisol (26) and oxidative
stress (27)]. A review of 10 studies comparing yoga
and exercise, yoga interventions suggested positive
outcomes in healthy and diseased populations (28).

Other studies of healthy individuals have also reported
positive effects of yoga on cognitive functions
(29–31). Chattha et al. (32) illustrated the superiority
of yoga over physical activity in improving the
cognitive functions among menopausal women.

Yoga can also be effective as an adjunctive treat-
ment method for neuropsychiatric disorders, inclu-
ding major depression (33,34); anxiety (35) and
obsessive–compulsive disorders (36). Improvement in
the psychiatric condition, cognitive ability and social
behaviour of patients with SZ was reported (37).

In a review and meta-analysis it was con-
cluded that yoga could be considered an ancillary
treatment for patients with depression (38).

Yoga improved social cognition in patients with
SZ in India (39). Vancampfort (40) reviewed publi-
shed randomised control trials (RCTs) and concluded
that yoga – as an add on therapy – reduced psycho-
pathology. In another review, Balasubramaniam (41)
used the RAND/UCLA appropriateness method to rate
prior yoga studies for SZ and concluded that the
strength of evidence for SZ as ‘Grade B’, that is more
definitive RCT studies were recommended. Another
meta-analysis and review comparing the effects of yoga
with exercise on symptoms of SZ, quality of life,
function and hospitalisation reported only moderate
evidence for short-term effects of yoga on quality of life
but not on symptoms (42). However, this review
reported only one study on cognition.

All but one of the published studies of yoga
treatment for SZ have evaluated its impact on cog-
nitive function. As cognitive dysfunction is arguably
a more proximal index of pathogenesis than clinical
severity (5), it is an appealing target for treatment. In
an open trial, we studied the effect of adjunctive
yoga on cognitive function among patients with
SZ, who received yoga therapy (YT, n 5 65) or
treatment as usual (TAU, n 5 23) (43). Cognition
was assessed using the Penn computerised neuro-
cognitive battery (CNB) (44). All patients also
received routine pharmacotherapy. The YT group
showed significantly greater improvement in speed
estimates compared with the TAU group for sensori-
motor function and working memory (p 5 0.025
and p 5 0.05, respectively). The pattern of changes
observed in the YT group differed from those observed
among patients with major depressive disorder (MDD),
bipolar disorder or patients in a cardiology outpatient
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clinic (43). Different domains or different index of
domains improved in different study groups. Unlike
the SZ group, where the improvements were most
marked with regard to speed, the cardiac outpatient
group showed improvement in accuracy for the
following domains: attention (ES 5 0.35), face
memory (0.615), spatial memory (0.35) and spatial
ability (0.28). In the Bipolar I disorder group, speed,
accuracy and efficiency improved for abstraction and
mental flexibility (ABF), and face memory. Accuracy
and efficiency improved in the attention, working
memory and spatial memory domains. Speed but
not accuracy or efficiency improved significantly in
the emotion processing test. There were significant
improvements in the MDD group with regard to
accuracy indices for attention, face memory and spatial
memory. There was also significant improvement in
speed indices for the ABF, spatial ability and emotion
processing domains (43).

Though this published study provided encouraging
evidence for cognitive remediation in SZ, it had
several limitations. Participants were not randomised
to YT/TAU and raters were not blinded to treatment
status. The beneficial effects of yoga could be
attributed to PE alone, as comparable benefits of PE
have been reported in healthy individuals (45), as
well as persons with SZ (46). Further, the beneficial
effects of YT could be mediated indirectly, through
beneficial effects on mood or stress reduction. The
present study has been designed to address these
limitations.

Methodology

Study overview

The study is entitled ‘The impact of yoga
supplementation on cognitive function among Indian
outpatients with schizophrenia’. It evaluates cognitive
enhancement using standardised supervised yoga
supplementation, compared with standardised super-
vised PE or TAU (proposed N 5 234 total, N 5 78 in
each group). The study incorporates standardised
patient inclusion criteria, random assignment of
patients, blinded assessment of clinical, cognitive
and functional outcomes, as well as standardised
implementation of yoga and PE protocols. The trial is
registered with ClinicalTrials.gov and registration
number is NCT01879709.

Our primary hypothesis is that yoga supplemen-
tation enhances attention, as well as related
cognitive functions among patients with SZ. The
secondary hypothesis is that yoga supplementation
has beneficial effects on daily functioning.
Therefore, the main objective is to evaluate the
effectiveness of imparting specific yoga training

(YT) in addition to their TAU to patients with SZ
and to assess their cognitive function using
computerised as well as paper and pencil cognitive
tests. A secondary objective is to evaluate changes in
daily functioning of the participants as evaluated by
caregivers as well as the participants themselves.

Subject recruitment

Participants are being recruited from the Department of
Psychiatry, Post-Graduate Institute of Medical
Education and Research – Dr. Ram Manohar Lohia
Hospital (PGIMER-RMLH), located in central New
Delhi. PGIMER-RMLH is funded by the Government
of India and accepts patients from all over Delhi
for free treatment. Over 250 new/follow-up patients,
many with SZ are treated daily. To improve
generalisability, we approached all psychiatrists in
the department and introduced our research project.
Detailed presentations about role of yoga in psychiatric
illnesses and our study design were made individually
to interested psychiatrists and at introductory meetings
where all queries were addressed.

Participant consent process

Patients with a clinical diagnosis of SZ are referred
to research staff by their therapists. They are further
screened by research personnel who are certified
psychologists. The study goals and procedures are
explained in detail and any questions are answered.
If a patient agrees, the recruiters seek her/his written
informed consent. The consent form is also signed
by a witness who is usually a family member of the
participant. A copy of the signed consent form is
provided to the participant.

Diagnostic evaluation

Following informed consent, the Hindi version
of Diagnostic Interview for Genetic Studies
(DIGS), (47,48) is administered to participants in
person by a research psychologist (administration
time is 2–4 h). The DIGS is a comprehensive semi-
structured interview schedule that seeks extensive
clinical as well as demographic information. As
medical records are kept by the patient, participants
are requested to bring all prior records, including
hospital discharge summaries. As needed, collateral
information is obtained from relatives following
consent by the study participants.

Consensus diagnosis

The research associate interviewing the participant
synthesises data from the DIGS, as well as collateral
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information obtained from relatives and available
medical records. Following discussions with local
board certified psychiatrists, a consensus diagnosis
is established using DSM IV criteria. In case of
disagreement between the diagnosticians, further
information is obtained from the participant, and if
necessary from additional sources with the patient’s
consent. The US collaborators are consulted if
needed. If consensus cannot still be attained, the
participant is not included in the study.

Randomisation

If a consenting patient fulfills all inclusion criteria,
she/he is randomised using block randomised
stratified lists generated by an online randomisation
programme (http://www.randomization.com). The
randomisation is stratified by age; younger (18–30
years) and older (above 30 years). Two block
randomised lists have been generated: one for those
between 18 and 30 years and the other for those
above 30 years of age. Each block comprises of
12 participants. The randomisation lists are stored
with study investigator in a password protected
computer. If a new patient is randomised she/he is
assigned group according to the age category in
the list and the patient and the instructor are made
aware about the group but rater is blind to this
allocation. A new block randomised list has been
generated for 301 age category as earlier list was
exhausted.

Intervention

There are three groups in the study with two
interventions – yoga or PE. Participants in both
intervention groups continue to receive TAU, which
consists of psychiatrist, directed pharmacotherapy
and counseling. The treating psychiatrists are blind
to the study intervention. Therapists are encouraged
to maintain stable treatment during the study. If
prescribed medications are altered, the changes are
recorded in the research records (Table 1).

Yoga Training (YT)

Participants are imparted YT for 21 days, daily for
1 h using a manualised protocol (43). This includes
postures or asanas (exercises) and Pranayama
(breathing protocols). The training begins with deep
breathing with prayer (chanting ‘Om’), followed by
warm up exercises and breathing exercises. Special
yogic breathing exercises (Pranayama) are practiced
before physical postures or asanas. Pranayama (breath
control) corrects movements and synchronises
movement with breathing. The asanas comprise of
different postures; standing: Kati chakrasan (waist
rotating pose), Tadasan (mountain pose), Trikonasan
(extended triangle pose); supine lying postures:
Savasana (corpse pose), Uttanpadasan (leg raised
yoga pose), Naukasan (boat pose), Pawanmuktasan:
Ardha and Poorna (wind releasing pose); prone
position postures: Makarasan (crocodile pose),
Bhujangasan (cobra pose), Shalabhasan (locust
pose), Dhanurasan (bow pose); and sitting postures:
Pashimottanasan (seated forward bend), Ushtrasan
(camel pose), Gomukhasan (cow face pose), Ardha
Matsyendrasan (half lord of fishes pose), Vajrasana
(adamantine, diamond, kneeling or pelvic pose).
Water inhalation through the nostrils (Kriyas,
Jalnethi – yogic cleansing) is practiced every
Saturday. On this day no other asanas are practiced.

This programme was developed by a yoga expert and
has been approved by the Central Council of Research
and Naturopathy, Indian Ministry of Health and Family
Welfare. The YT is administered by a yoga instructor
who holds a diploma in YT from an institute recognised
by the Government of India and is further trained for
the study specific training module by a consultant.
Identical yoga training is imparted to all participants.
The YT is held in the morning, but in exceptional
circumstances it is provided in the afternoon.

Physical Exercise (PE)

The training incorporates simple PEs for 1 h daily,
including Saturdays. The schedule includes 15 min

Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

DSM IV diagnosis of SZ Prior participation in our yoga study (43)

Age 18 years or greater Mental retardation sufficient to impact understanding of YT

Resident of Delhi (to facilitate regular attendance Substance or alcohol dependence for last 6 months which confounds a diagnosis of SZ

and avoid dropouts) Presence of co-morbid conditions that may worsen with exercise (e.g. recent myocardial infarction, fractures)

Neurological illnesses that may cause cognitive impairment independent of SZ, or complicate diagnosis/

evaluation, for example, stroke or head injury

Presence of physical disability or illness for which yoga or physical exercise are contraindicated

SZ: schizophrenia; YT: yoga therapy.
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of brisk walking followed by light exercises adapted
from the National Fitness Corps – Handbook for
Middle High and Higher Secondary Schools (49).
The PE instructor is a diplomate in PE from an
institution approved by the Government of India.

Treatment As Usual (TAU)

The participants receive standard TAU and complete
evaluations listed in Table 2.

Continuation of treatment following the study

All YT and PE participants are asked to continue
unsupervised YT or PE, respectively, after they
complete the study. They are provided a compliance
sheet that records the dates of yoga or exercise with
duration, and whether practice was supervised by a
caregiver.

Outcome assessments

All raters are blind to the intervention status. The
treating psychiatrists are also blinded to the type of
intervention. The Penn CNB, along with the Trail
Making Test (TMT) provides the key variables to
test the primary hypothesis. Additional measures of
clinical severity and daily function are also listed
below. In addition, blood pressure, weight and pulse
rate are recorded at each assessment point.

Trail Making Test (TMT). This is a paper and
pencil test used to estimate attention, working
memory and executive function. The time taken to
complete the test is recorded. If the participant

makes an error she/he is asked to correct it but the
stopwatch is not stopped. The time to complete
part A and B of the test is taken as final score.
(Administration time is ,20 to 30 min) (50,51).

Information scale of PGI battery. This is a
subscale of Post-Graduate Institute Battery of
Brain Dysfunction (52). The battery is based on
the Wechsler Adult Intelligence Scale and has
been adapted to Indian conditions. All verbal tests
are in Hindi. The information subtest consists of
33 items of general knowledge. This is used as
proxy for measuring intelligence.

University of Pennsylvania Computerised
Neurocognitive battery. Penn CNB is a validated
battery that measures quantitatively cognitive domains
in healthy subjects as well as in SZ patients
(44,53–55). The following domains are assessed:
(1) abstraction and mental flexibility; (2) atten-
tion; (3) face memory; (4) spatial memory; (5) spatial
processing; (6) working memory; (7) sensorimotor
dexterity; (8) emotion processing. The Penn CNB has
been adapted for use by Hindi speaking individuals
(56). Verbal memory and language domains are not
used, as these need proficiency in English language.
For each domain, three summary functions are
calculated: (1) accuracy, which reflects the number of
correct responses; (2) speed, which reflects the
median reaction time for correct responses; and
(3) efficiency, which reflects both accuracy and speed
accuracy/log (speed). Participants can be differentially
sensitive to these indices (57). We intend to use accu-
racy and speed indices as the key outcome measures.
The accuracy index of all eight domains of CNB are

Table 2. Schedule of evaluations

Evaluation

Study

entry Baseline

Visit

1–21 (daily)

Visit 22

(after YT/PE/TAU)

Follow-up I

(3 months after YT/PE/TAU)

Follow-up II

(6 months after YT/PE/TAU)

Informed consent X

DIGS X

Randomization X

SANS, SAPS X X X X

ILSS X X X X

CNB X X X X

GAF X X X X

Weight X X X X

BP X X X X

Pulse rate X X X X

Record medication type and dose X X X X

YT/PE(yoga/exercise) X

TAU group (all above evaluations) X X X X X

DIGS,- Diagnostic Interview for Genetic Studies; SANS: Schedule for Assessment of Negative Symptoms; SAPS: Schedule for Assessment of Positive Symptoms;

ILSS: Independent Living Skills Survey; GAF: Global Assessment of Functioning; CNB: Computerised Neurocognitive battery; BP: blood pressure; YT: yoga therapy;

PE: physical exercise; TAU: treatment as usual.

Bhatia et al.

284

https://doi.org/10.1017/neu.2014.9 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2014.9


the primary outcome measures. However, adjustment
for a accumulation will be performed using Hochberg
procedure (58).

Independent Living Skills Survey (ILSS). The
ILSS is a comprehensive, objective, performance-
focused, measure of the basic functional living skills
(Activities of Daily Living) for individuals with
severe and persistent mental illness. The informant
and the patient versions are used. The English
version was translated to Hindi by two psychologists
and the Hindi version was back translated by two
other research personnel. The original and the back-
translated versions were then compared and
discrepancies were resolved by consensus. There are
103 items to assess performance in 12 areas of basic
community living skills. The informants indicate how
frequently an individual has performed each skill
within the past month on a five-point scale (never,
sometimes, often, usually and always). The answers
are scored from 0 (never) to 4 (always), then
summed and averaged per functional area (59).

Global assessment of function (GAF). The GAF
is a numeric scale (0–100) used to rate the social,
occupational and psychological functioning of
adults (60).

Schedule for Assessment of Negative Symptoms
(SANS). The SANS rates negative symptoms of
SZ on a five-point scale (61).

Schedule for Assessment of Positive Symptoms
(SAPS). The SAPS assesses hallucinations, delu-
sions, bizarre behaviour and positive formal thought
disorder. It is a 34 item five-point instrument (62).

The period of reference for GAF, SANS and
SAPS is for the past 15 days. As the first follow-up
assessment occurs after 21 days, the usual assessment
schedule of these tests (30 days) cannot be maintained.

Quality control

Training on DIGS, CNB and all other scales is
provided to all research associates and co-investigators
to maintain quality control. Inter-rater reliability is
checked periodically. k-values over 0.8 for diagnoses
are required for inter-rater reliability tests among
research associates. Cross-cultural issues are addressed
routinely through intensive discussions and consul-
tations about individual cases.

Data Safety Management Board (DSMB)

A DSMB has been constituted to check the quality,
completeness and timeliness of data, protocol

adherence, factors affecting confidentiality in the
study and adequacy of compliance to goals.

Data entry and data safety monitoring

A custom password protected Microsoft Access-
based program has been designed for data entry and
analysis. The software has inbuilt logic for checking
routine errors. Penn CNB data are acquired directly
on laptop computers and are uploaded to a secure
website at the University of Pennsylvania. Other
data are entered manually and are routinely double
checked for data entry errors.

Data analysis

Initially, the dataset will be scrutinised to identify
outliers and extreme values. Such values will be
examined for possible data entry errors. The modified
Thompson t test will be used to identify outliers. We
will identify outlier by mean ± 3SD. We will test for
the differential dropout rates statistically by
Kaplan–Meir method using log rank test, if no
obvious errors are detected, analyses will be
conducted with and without such values. Next, the
demographic and clinical features (such as indices of
clinical severity) of the three groups will be compared.
Any available demographic data regarding individuals
who were excluded or dropped out of the study will also
be examined. We are including all the patients who are
randomised that is the intent-to-treat (ITT) analysis.
Distributions of the measures will be examined for
approximate normality and transformed if necessary.
We will analyze 16 measures from eight Penn CNB
domains (accuracy and speed indices). We will also
identify the correlation structure of the cognitive
domains and try to reduce the dimension of data by
selecting a subset of measures (e.g. principal
components).

With four time points, baseline (pre-treatment),
after 21 days (post-treatment), month 3 and month 6,
we will use repeated measures mixed-effects
analytical methods to test our primary hypotheses.
Group status (YT/PE/TAU) will be considered as the
first factor (between) and time (baseline, visit at
21 days, 3 months and 6 months) will be used as the
second factor (within). We will also use time by
group interaction in the model and other covariates
(described below). The primary hypotheses will be
tested using contrasts. The measurement at 3 months
would help to capture an intermediate benefit that
may recede at 6 months.

We will include as covariates socio-demographic
variables (gender, age, socio-economic status
and living situation), information score using
information scale of PGI battery, and clinical
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variables (duration of illness, other concurrent
treatment including type and dosage of medications).
The impact of co-existing medical conditions, as well
as past co-morbid alcohol/substance abuse that may
impact on the dependent variables will also be
considered. Thus, longitudinal neurocognitive and
daily functioning data will be analyzed in relation to
clinical and demographic variables in an attempt to
deduce the relative influence of these additional factors
on particular outcomes. Inclusion of any covariates in a
model will require careful consideration of its
relationship with the outcome variable. Efforts will
be made to keep the number of covariates to a
minimum. We will use an ITT model that requires all
randomised patients be included in our final analysis.
Though we will make every effort to retain patients in
our protocol, we expect some patients will miss follow-
up assessments, or dropout. To handle missing data, we
will first investigate the missingness process. We will
consider intermittently missing data as ‘missing at
random’ (MAR) and investigate the reasons for
dropout to assess the validity of MAR assumption for
the dropouts. If the MAR is confirmed, we will use
standard SAS PROC MIXED (for continuous) or
PROC GLIMMIX (for categorical) variables. How-
ever, if it is found to be non-ignorable, then we will
consider other techniques (e.g. selection models with a
logistic dropout process, pattern-mixture models or
shared-parameter models) followed by a sensitivity
analysis to judge the robustness of the results (63).

We will start with univariate repeated measure
models for our outcomes and adjust our p-values for
multiple comparisons using standard procedures (64).
However, we will also use multivariate repeated
measures mixed-effects model if we can identify two
or three outcome variables that may require further in-
depth analysis due to their correlated nature. A
multivariate repeated measures model (also known as
doubly multivariate models) takes account of corre-
lations among repeated measures of different outcomes
at the same point in addition to the correlation among
measurements taken at different occasions. We have
some experience in fitting such models (65). An
advantage of using this modelling approach is to
increase power.

The repeated measures data will allow us to use
latent growth curve modelling to investigate whether
there are subgroups of patients exhibiting or not
cognitive improvement in each treatment group,
which can be followed by logit models to identify
and compare predictors of group membership.

Secondary analysis

To evaluate whether biometric evaluation of
physical exertion and/or fitness, which might of

themselves play a role above that of YT, we will
measure weight, pulse rate and blood pressure of all
participants at all assessment points. The impacts of
YT and PE on these measures will be evaluated in
the short term (i.e. pre- and post session) and over
longer periods. These measures will be compared
between the YT and PE groups. We will also
evaluate the correlations between these measures
and indices of cognitive improvement, including
relevant covariates. If indicated by these analyses,
we may consider including key biometric indices as
covariates in the main analyses described above.

Sample size considerations

Our power calculations are based on preliminary
analysis of our initial study (40). We propose three
treatment groups and four time repeated factor levels.
The correlation between repeated measures in our initial
study was 0.3–0.5. Assuming the lower correlation
value and an estimated effect size of 0.15 for between
group differences, the required sample for a replicative
study was calculated using G*Power software (66).
Assuming analysis of variance/repeated measures
between factors analysis, we estimate that a total
sample of 234 should have 85% power with medium
effect size (0.15) at 0.05 a levels. Assuming a 20%
attrition rate, we will enroll 98 in each treatment group
(total N 5 294).

Evaluating study progress

During weekly meetings, enrollment is discussed
and dropout rates are checked. Potential reasons for
dropping out are discussed and ethical strategies to
reduce these as much as possible are emphasised.
Computerised data are reviewed routinely to check
for quality and missingness. If some fields are
incomplete or difficult to interpret, participants are
re-contacted to complete the data. The research
personnel are asked to encourage the participation
by re-contacting referring clinicians and regularly
reporting progress of the study. The participants’
clinical status is monitored for data safety and potential
protocol deviations that the study investigators review
at staff meetings as appropriate and strict actions are
recommended to stick to protocol.

Results

Recruitment

A total of 309 participants were randomised, but
98 participants dropped out at various stages after
recruitment (details in Fig. 1). There are 219
participants enrolled in the study as of 31 August
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2013; of whom 148 have completed all study
procedures and follow-up. Some of the common
reasons for dropout are tabulated in Fig. 1.

Acceptability of YT and PE

No side effects or injuries have been reported in the
YT or the PE groups. Only 15% participants dropped
out after starting yoga while 25% dropped out after
starting PE.

There have been no adverse events to date. Final
details will be provided in main outcome paper.

Discussion

Yoga is increasingly finding a place in the therapeutic
armamentarium for chronic disorders. In India, the

government has established yoga centres in most
publicly funded hospitals and has made yoga
available in schools. It has established a separate
department in the Ministry of Health for Yoga and
other traditional forms of indigenous medicine
(Ayurveda, Yoga and Naturopathy, Unani, Siddha
and Homeopathy, AYUSH; http://indianmedicine.
nic.in). Separate councils for research in indigenous
systems of medicine have also been established.
Thus, the present study is timely as it is among the
first RCTs to examine the impact of yoga
supplementation on cognitive functions and living
skills among SZ patients.

A recent review suggested encouraging benefits of
yoga for neuropsychiatric disorders, but pointed key
limitations of published studies, such as the inability
to conduct double blind studies, multiplicity of

Enrollment till August 31, 2013

*Reasons for not completing yoga and PE *Reasons for not completing TAU
Not able to get up early Were interested in yoga
Staying far away
Transferred outside Delhi
PE wanted to do yoga Shifted out of Delhi
Nobody to accompany
Economic problems

Assessed for eligibility (n=830)

Excluded (n=521)
Not meeting inclusion criteria (n=60)
Declined to participate (n=362)
Other reasons (n=99) **

Lost to follow-up (n=2)

Discontinued intervention
(n=1)

Allocated to YT (n=107)
Received YT (n=76)
Did not receive YT(Reasons
below*) (n=)31)

Lost to follow-up (n=2)

Discontinued intervention
(n=0)

Allocated to PE (n=95)
Received PE (n=67)
Did not receive PE (Reasons
below*) (n=28)

Allocation

Analysis
Not Yet Started

Follow-Up

Randomized (n=309)

Enrollment

Allocated to TAU (n=107)
Received TAU (n=72)
Did not complete TAU
(Reasons below*) (n=35)

Lost to follow-up (n=1) 

Discontinued intervention
(n=0)

♦
♦
♦

♦
♦

♦
♦

♦
♦

Fig. 1. Flow Chart of Enrollment till August 31, 2013.
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comparisons within small studies and lack of
replicate studies (41). While double blind studies
cannot be conducted for certain behavioural
interventions, the present replicative study seeks to
address most of the other limitations. By using
multivariate analyses, we propose to reduce the
penalty incurred by multiple comparisons. The PE
group provides a suitable comparison for the YT
group and could help resolve whether the beneficial
effects of YT, if present, are attributable merely to
regular physical exertion. Including a TAU group,
with careful monitoring of changes in drug doses
will enable control over variables related to routine
clinical treatment.

Our YT protocol was simplified for the con-
venience of SZ patients, as it was felt that ongoing
psychopathology or co-morbid medical disorders
might limit physical flexibility required with more
complex postures or ‘asanas’. The YT and the
PE protocols have been generally well accepted
and recruitment has progressed as planned. No
participants reported that the YT was cumbersome
or complex. No injuries have been reported,
suggesting that YT is a relatively safe adjunct for
treatment in SZ. Overall, ,30% of the participants
dropped out at different stages in the study. Some PE
participants dropped out as they preferred YT and
decided to suspend participation when they found
out that they were not randomised to the YT group.
In the YT group, dropouts typically occurred
because participants could not travel to the hospital
on a daily basis as required. Participation improved
when travel expenses were reimbursed per trip. If
YT is found to be superior to PE following data
analysis, it will be important to evaluate the efficacy
of a YT protocol that entails less frequent attendance
or a protocol that can be completed at home. The
randomisation process has generally worked well,
but we initially observed a gender imbalance, with
an excess of male patients. Such an imbalance
is noted typically in clinic-based SZ studies. As
older patients were more frequently recruited, the
randomisation process was modified to include
two age blocks. Following this adaptation, the age
disproportion has improved.

Conclusion

An RCT to evaluate the effects of adjunctive YT
on cognitive functions in SZ is being conducted. It
was motivated by a prior open trial that showed
significant improvement in specific cognitive func-
tions following YT. If the results are replicable, yoga
may provide a novel adjunctive intervention for
cognitive remediation among SZ patients. Its strengths
include relatively few ‘side effects’ and it is generally

acceptable to SZ patients who elect to try it. Yoga is
cost-effective and it is also easy to incorporate it in the
treatment regimen of SZ patients if the study finds
positive effects on cognition (67).

Acknowledgements

We are thankful to our consultants Dr. Rajesh Nagpal,
Dr. S.N. Pande for their support. We are debited to all
psychiatrists at Department of Psychiatry, PGIMER-
RMLH for referring patients and all our research
personnel for their dedicated effort to complete the
study. Author contributions are as follows: Triptish
Bhatia: concept, methodology and writing of
manuscript; Sati Mazumdar: statistical analysis,
power analysis and review of manuscript; N.N.
Mishra: data retrieval, data collection and review;
Raquel E. Gur: review and editing the manuscript;
Ruben C. Gur: review and editing the manuscript,
designing CNB; V.L. Nimgaonkar: concept, design
and editing the manuscript; Smita N. Deshpande:
concept design and editing the manuscript.

Financial Support

This project is funded by grants from Fogarty
International Center, National Institutes of Health
(NIH) (The impact of yoga supplementation on
cognitive function among Indian outpatients with
schizophrenia, TW008289 to T.B.; Tri National
Training Programme in Psychiatric Genetics,
TW008302 to V.L.N.). The content is solely the
responsibility of the authors and does not necessarily
represent the official views of the NIH or other
funding agencies.

Conflicts of Interest

The authors declare no conflicts of interest.

Ethical Standards

The authors assert that all procedures contributing to
this work comply with all ethical standards of
Institutional Ethics Committee, PGIMER-RMLH,
Indian Council of Medical Research guidelines for
research on human research and with Helsinki
declaration of 1975, as revised in 2008.

References

1. KITCHEN H, ROFAIL D, HERON L, SACCO P. Cognitive

impairment associated with schizophrenia: a review of the

humanistic burden. Adv Ther 2012;29:148–162.

2. HEINRICHS RW, ZAKZANIS KK. Neurocognitive deficit in

schizophrenia: a quantitative review of the evidence.

Neuropsychology 1998;12:426–445.

Bhatia et al.

288

https://doi.org/10.1017/neu.2014.9 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2014.9


3. GOLDBERG T, GREEN M. Neurocognitive functioning

inpatients with schizophrenia: an overview. Philadelphia,

PA: Lippincott: Williams & Wilkins, 2002.

4. NUECHTERLEIN KH, BARCH DM, GOLD JM, GOLDBERG TE,

GREEN MF, HEATON RK. Identification of separable

cognitive factors in schizophrenia. Schizophr Res 2004;

72:29–39.

5. KEEFE RS, HARVEY PD. Cognitive impairment in

schizophrenia. Handb Exp Pharmacol 2012;213:11–37.

6. TWAMLEY EW, JESTE DV, BELLACK AS. A review

of cognitive training in schizophrenia. Schizophr Bull

2003;29:359–382.

7. KURTZ MM, MOBERG PJ, GUR RC, GUR RE. Approaches to

cognitive remediation of neuropsychological deficits in

schizophrenia: a review and meta-analysis. Neuropsychol

Rev 2001;11:197–210.

8. VINOGRADOV S, FISHER M, NAGARAJAN S. Cognitive training

in schizophrenia: golden age or Wild West? Biol Psychiatry

2013;73:935–937.

9. WEXLER BE, HAWKINS KA, ROUNSAVILLE B, ANDERSON M,

SERNYAK MJ, GREEN MF. Normal neurocognitive performance

after extended practice in patients with schizophrenia.

Schizophr Res 1997;26:173–180.

10. BELL M, BRYSON G, GREIG T, CORCORAN C, WEXLER BE.

Neurocognitive enhancement therapy with work therapy:

effects on neuropsychological test performance. Arch Gen

Psychiatry 2001;58:763–768.

11. WYKES T, REEDER C, CORNER J, WILLIAMS C, EVERITT B. The

effects of neurocognitive remediation on executive

processing in patients with schizophrenia. Schizophr Bull

1999;25:291–307.

12. HOGARTY GE, FLESHER S, ULRICH R et al. Cognitive

enhancement therapy for schizophrenia: effects of a 2-year

randomized trial on cognition and behavior. Arch Gen

Psychiatry 2004;61:866–876.

13. MCGURK SR, MUESER KT. Cognitive functioning,

symptoms, and work in supported employment: a review

and heuristic model. Schizophr Res 2004;70:147–173.

14. KURTZ MM, SELTZER JC, SHAGAN DS, THIME WR,

WEXLER BE. Computer-assisted cognitive remediation in

schizophrenia: what is the active ingredient? Schizophr Res

2007;89:251–260.

15. KERN RP, LIBKUMAN TM, OTANI H, HOLMES K. Emotional

stimuli, divided attention, and memory. Emotion

2005;5:408–417.

16. SUBSTANCE ABUSE AND MENTAL HEALTH SERVICES

ADMINISTRATION. Results from the 2006 national survey on

drug use and health: national findings, Substance Abuse and

Mental Health Services Administration. Rockville, MD,

2006.

17. ZANG R. Do you Suffer from Headaches, Fatigue, Insomnia

or Unexplained Aches and Pains? Mesa Lifestyle Magazine

2008;2.

18. WAILANA. Wai Lana Yoga: Beginners Workout, On Wai

Lana Yoga: Fun Challenge Series, 2005.

19. ROSS A, THOMAS S. The health benefits of yoga and exercise:

a review of comparison studies. J Altern Complement Med

2010;16:3–12.

20. SENGUPTA P. Health impacts of yoga and pranayama: a

state-of-the-art review. Int J Prev Med 2012;3:444–458.

21. INNES KE, BOURGUIGNON C, TAYLOR AG. Risk indices

associated with the insulin resistance syndrome, cardiovas-

cular disease, and possible protection with yoga: a systematic

Review. J Am Board Fam Pract 2005;18:491–519.

22. BOWMAN AJ, CLAYTON RH, MURRAY A, REED JW,

SUBHAN MM, FORD GA. Effects of aerobic exercise

training and yoga on the baroreflex in healthy elderly

persons. Eur J Clin Invest 1997;27:443–449.

23. GORDON LA, MORRISON EY, MCGROWDER DA et al. Effect

of exercise therapy on lipid profile and oxidative stress

indicators in patients with type 2 diabetes. BMC

Complement Altern Med 2008;8:21.

24. SATHYAPRABHA TN, SATISHCHANDRA P, PRADHAN C et al.

Modulation of cardiac autonomic balance with adjuvant

yoga therapy in patients with refractory epilepsy. Epilepsy

Behav 2008;12:245–252.

25. YURTKURAN M, ALP A, DILEK K. A modified yoga-based

exercise program in hemodialysis patients: a randomized

controlled study. Complement Ther Med 2007;15:164–171.

26. STERLING P. ed. Principles of Allostasis: Optimal Design,

Predictive Regulation, Pathophysiology, and Rational

Therapeutics. Cambridge: Cambridge University Press,

2004.

27. HAGINS M, MOORE W, RUNDLE A. Does practicing hatha

yoga satisfy recommendations for intensity of physical

activity which improves and maintains health and

cardiovascular fitness? BMC Complement Altern Med

2007;7:40.

28. ROSS A, FRIEDMANN E, BEVANS M, THOMAS S. Frequency of

yoga practice predicts health: results of a national survey of

yoga practitioners. Evid Based Complement Alternat Med

2012;2012:983258.

29. UMA K, NAGENDRA HR, NAGARATHNA R, VAIDEHI S,

SEETHALAKSHMI R. The integrated approach of yoga: a

therapeutic tool for mentally retarded children: a one-year

controlled study. J Ment Defic Res 1989;33:415–421.

30. VANI PR, NAGARATHNA R, NAGENDRA HR, TELLES S.

Progressive increase in critical flicker fusion frequency

following yoga training. Indian J Physiol Pharmacol

1997;41:71–74.

31. MANJUNATH NK, TELLES S. Improved performance in the

Tower of London test following yoga. Indian J Physiol

Pharmacol 2001;45:351–354.

32. CHATTHA R, NAGARATHNA R, PADMALATHA V, NAGENDRA HR.

Effect of yoga on cognitive functions in climacteric syndrome:

a randomised control study. Bjog 2008;115:991–1000.

33. SHARMA P, DAS SK, DESHPANDE SN. An estimate of the

monthly cost of two major mental disorders in an Indian

metropolis. Indian J Psychiatry 2006;48:143–148.

34. UEBELACKER LA, TREMONT G, EPSTEIN-LUBOW G et al. Open

trial of Vinyasa yoga for persistently depressed individuals:

evidence of feasibility and acceptability. Behav Modif

2010;34:247–264.

35. SAEED SA, ANTONACCI DJ, BLOCH RM. Exercise, yoga, and

meditation for depressive and anxiety disorders. Am Fam

Physician 2010;81:981–986.

36. KIRKWOOD G, RAMPES H, TUFFREY V, RICHARDSON J,

PILKINGTON K. Yoga for anxiety: a systematic review of

the research evidence. Br J Sports Med 2005;39:884–891;

Discussion 891.

37. LANGLE G, RENNER G, GUNTHNER A, BUCHKREMER G.

Community psychiatric management of severely ill

schizophrenic patients. An exemplary case study.

Nervenarzt 2000;71:915–918.

Yoga and cognitive functions in schizophrenia protocol

289

https://doi.org/10.1017/neu.2014.9 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2014.9


38. CRAMER C, LAUCHE R, LANGHORST J, DOBOS G. Yoga for

depression: a systematic review and meta-analysis. Depress

Anxiety 2013;30:1068–1083.

39. GANGADHAR BN, VARAMBALLY S. Author’s reply. Int J Yoga

2013;6:134–135.

40. VANCAMPFORT D, VANSTEELANDT K, SCHEEWE T et al. Yoga in

schizophrenia: a systematic review of randomised

controlled trials. Acta Psychiatr Scand 2012;126:12–20.

41. BALASUBRAMANIAM M, TELLES S, DORAISWAMY PM. Yoga on

our minds: a systematic review of yoga for neuropsychiatric

disorders. Front Psychiatry 2012;3:117.

42. CRAMER C, LAUCHE R, KLOSE P, LANGHORST J, DOBOS G.

Yoga for schizophrenia: a systematic review and meta-

analysis. BMC Psychiatry 2013;13:32–443.

43. BHATIA T, AGARWAL A, SHAH G et al. Adjunctive cognitive

remediation for schizophrenia using yoga: an open, non-

randomized trial. Acta Neuropsychiatr 2012;24:91–100.

44. GUR RC, RAGLAND JD, MOBERG PJ et al. Computerized

neurocognitive scanning: II. The profile of schizophrenia.

Neuropsychopharmacology 2001;25:777–788.

45. BERGER BG, OWEN DR. Mood alteration with yoga and

swimming: aerobic exercise may not be necessary. Percept

Mot Skills 1992;75:1331–1343.

46. GORCZYNSKI P, FAULKNER G. Exercise therapy for

schizophrenia. Schizophr Bull 2010;36:665–666.

47. NURNBERGER JI, JR, BLEHAR MC, KAUFMANN CA et al.

Diagnostic interview for genetic studies. Rationale, unique

features, and training. NIMH Genetics Initiative. Arch Gen

Psychiatry 1994;51:849–859; Discussion 863–864.

48. DESHPANDE SN, MATHUR MN, DAS SK, BHATIA T, SHARMA S,

NIMGAONKAR VL. A Hindi version of the diagnostic interview

for genetic studies. Schizophr Bull 1998;24:489–493.

49. DURAISWAMY G, THIRTHALLI J, NAGENDRA HR, GANGADHAR BN.

Yoga therapy as an add-on treatment in the management of

patients with schizophrenia – a randomized controlled trial.

Acta Psychiatr Scand 2007;116:226–232.

50. HORTON AM, JR, ROBERTS C. Sex, ethnicity, age and

education effects on the trail making test in a sample of

cocaine abusers. Int J Neurosci 2001;108:281–290.

51. BHATIA T, SHRIHARSH V, ADLAKHA S, BISHT V, GARG K,

DESHPANDE SN. The trail making test in India. Indian J

Psychiatry 2007;49(2),113–116.

52. PERSHAD D, VERMA SK. Information Subtest of Verbal

Intelligence Scale in Handbook of PGI Battery of Brain

Dysfunction. Agra: National Psychological Corporation,

1990.

53. GUR RC, RAGLAND JD, MOBERG PJ et al. Computerized

neurocognitive scanning: I. Methodology and validation in

healthy people. Neuropsychopharmacology 2001;25:766–776.

54. GUR RC, RICHARD J, HUGHETT P et al. A cognitive

neuroscience-based computerized battery for efficient

measurement of individual differences: standardization

and initial construct validation. J Neurosci Methods

2010;187:254–262.

55. GUR RC, RICHARD J, CALKINS ME et al. Age group and sex

differences in performance on a computerized neurocognitive

battery in children age 8-21. Neuropsychology 2012;26:

251–265.

56. THOMAS P, CHANDRA A, BHATIA T et al. Clinical and genetic

correlates of severity in schizophrenia in India: an ordinal

logistic regression approach. Psychiatry Res 2011;189:

321–323.

57. GUR RE, NIMGAONKAR VL, ALMASY L et al. Neurocognitive

endophenotypes in a multiplex multigenerational family

study of schizophrenia. Am J Psychiatry 2007;164:813–819.

58. HOCHBERG A. Sharper Bonferroni procedure for multiple

tests of significance. Biometrika 1988;75:800–802.

59. WALLACE CJ, LIBERMAN RP, TAUBER R, WALLACE J.

The independent living skills survey: a comprehensive

measure of the community functioning of severely and

persistently mentally ill individuals. Schizophr Bull 2000;

26:631–658.

60. ENDICOTT J, SPITZER RL, FLEISS JL, COHEN J. The global

assessment scale. A procedure for measuring overall

severity of psychiatric disturbance. Arch Gen Psychiatry

1976;33:766–771.

61. ANDREASEN NC. Scale for the Assessment of Positive

Symptoms (SAPS). Iowa City: University of Iowa, 1984.

62. ANDREASEN NC. Scale for the Assessment of Negative

Symptoms (SANS). Iowa City: University of Iowa, 1984.

63. MAZUMDAR S, TANG G, HOUCK PR et al. Statistical analysis

of longitudinal psychiatric data with dropouts. J Psychiatr

Res 2007;41:1032–1041.

64. BLAKESLEY RE, MAZUMDAR S, DEW MA et al. Comparisons

of methods for multiple hypothesis testing in neuropsycho-

logical research. Neuropsychology 2009;23:255–264.

65. DANG Q, MAZUMDAR S, ANDERSON SJ, HOUCK PR,

REYNOLDS CF. Using trajectories from a bivariate growth

curve as predictors in a Cox regression model. Stat Med

2007;26:800–811.

66. FAUL F, ERDFELDER E, LANG AG, BUCHNER A. G*Power 3: a

flexible statistical power analysis program for the social,

behavioral, and biomedical sciences. Behav Res Methods

2007;39:175–191.

67. CHUANG LH, SOARES MO, TILBROOK H et al. A pragmatic

multicentered randomized controlled trial of yoga for

chronic low back pain: economic evaluation. Spine 2012;37:

1593–1601.

Bhatia et al.

290

https://doi.org/10.1017/neu.2014.9 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2014.9

